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Parameterization of Cloud Radiative 

Transfer in GCM

Aerosol Module  Nact

 COT

 Radiative transfer module

Cloud Module  LWP
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Parameterization of Cloud Radiative Transfer 

in GCM

Martin et al. 1994

or
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Martin et al. 1994,                       

k

Chen et al. Global climate response to 

anthropogenic aerosol indirect effects: 

Present day and year 2100. 

J. Geophys. Res.

Martin et al. 1994, … and many others since
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Data Base
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Instrumental Biases

SCMS-1995
C130-FSSP & Fast-FSSP

SCMS-1995
ME-FSSP/Fast-FSSP

DYCOMS-2001
C130-SPP/Fast-FSSP

The FSSP-100 provides accurate measurements of the mean droplet 

diameter, but it significantly overestimates the width of the spectrum, 

hence underestimates the k coefficient. This is especially true when 

droplets are smaller, i.e. in high concentration clouds
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Instrumental Biases

SCMS-1995
C130-FSSP & Fast-FSSP

DYCOMS-2001
C130-SPP/Fast-FSSP

FSSP 2.6-52µm

FSSP 5.2-52µm

SPP 1-47µm

SPP 5.5-43.5µm

Fast 5.2-38.4µm Fast 5.9-43.8µm
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Results
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Chen et al. Global climate response to 
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K coefficient 

and 

sub-adiabaticity
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Vertical Integration

with

Is true only in vertically uniform clouds !
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Vertical Integration

In convective clouds, that are vertically stratified, with LWC 

increasing  from cloud base to top : qc = Cw h
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Results
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Parameterization of Cloud Radiative 

Transfer in GCM

Cloud Module  LWP
Aerosol Module  Nact

 COT

 Radiative transfer module

COT & N

But N  Nact 

because of entrainment-mixing
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Results

N/Nact = 0.460.08 in shallow Cu

N/Nact = 0.810.09 in Sc
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Inhomogeneous

N  dilution + evaporation

v  constant

N / No

Homogeneous

N    dilution only

v  evaporation

N / No

dV

dVO

3

3

Key Parameters (Baker et al., 1979)

droplet life time              turbulent homogeneisation

d = - (d2 / AS) >> T = (X2/)1/3

Entrainment and mixing : Conceptual Model
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SCMS Cu

d /T = 6.6

Burnet & Brenguier, JAS 2006

SCMS Cu 

d /T = 1.9
DYCOMS-II Sc

d /T = 0.05

Entrainment and mixing : Case Studies



J. L. Brenguier, Météo-France CNRS CNRM/GAME
VOCALS     - Miami      - 21/03/2011

Conclusion

N/Nact = 0.810.09 in stratocumulus clouds

N/Nact = 0.460.08 in shallow cumuli

in stratocumulus clouds

in shallow cumuli

where
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Thank you

for your attention
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Key Parameters:

droplet life time             turbulent homogeneisation

d = - (d2 / AS) >> T = (X2/)1/3

DYCOMS-RF03 SCMS-me9506

S - 0.7 - 0.7

d 15 µm 30 µm

d
0.8 s 3.2 s

w 0.5 m/s 5 m/s

Tc 12.3 C 14.1 C

qlc 0.7 g/kg 3.4 g/kg

Te 16.2 C 20.0 C

qve 5 g/kg 4 g/kg

N 350 cm-3 250 cm-3

P 950 hPa 750 hPa

Entrainment and mixing : Case Studies


