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STATISTICAL ANALYSIS OF CLOUD-RESOLVING SIMULATED DATASET
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so that explicitly-simulated transport is not over-stabilized .

 a measure of cloud population in the grid cell 



	  	  

 
Continue to use this assumption to start.

Most conventional parameterizations assume that

clouds and the environment are horizontally homogeneous.

FIRST STEP TOWARD UNIFIED PARAMETERIZATION

 “top-hat pro!le” 

0.6 0.8 1.00 0.2 0.4

m
/s

 K

d = 8 km
z = 3 km

transporteddy 

to
ta

l t
ra

nsp
ort

<
w

 h

<

w’ h’
< <

!rst target

 

Most conventional parameterizations assume that

clouds and the environment are horizontally homogeneous.

FIRST STEP TOWARD UNIFIED PARAMETERIZATION

 “top-hat pro!le” 

 
Continue to use this assumption to start.

Most conventional parameterizations assume that

clouds and the environment are horizontally homogeneous.

FIRST STEP TOWARD UNIFIED PARAMETERIZATION

 “top-hat pro!le” 

 
Continue to use this assumption to start.

Most conventional parameterizations assume that

clouds and the environment are horizontally homogeneous.

FIRST STEP TOWARD UNIFIED PARAMETERIZATION

 “top-hat pro!le” 

0.6 0.8 1.00 0.2 0.4

m
/s

 K

d = 8 km
z = 3 km

transporteddy 

to
ta

l t
ra

nsp
ort

<
w

 h

<

w’ h’
< <

Top-hat
eddy transport* Transport due to

the internal structure
of clouds 

*   Diagnosed from the dataset
     modi!ed to !t a top-hat pro!le



EXPRESSIONS FOR VERTICAL EDDY TRANSPORT

WITH TOP-HAT PROFILE

( )  : cloud value C ( ) : environment value 
~ ( )   = ( )  - ( )

C

~

w 1 w w
: a thermodynamic variable

EXPRESSIONS WITH A TOP HAT PROFILE

( )  : cloud value C ( ) : environment value 
~

( )   = ( )  - ( )
C

~

( ) = ( )  + (1 - )( ) C

~

EXPRESSIONS WITH A TOP HAT PROFILE

( )  : cloud value C ( ) : environment value 
~

( )   = ( )  - ( )
C

~

( ) = ( )  + (1 - )( ) C

~

:
Temperature, water-vapor mixing
ratio, or their combinations

=w w w

EXPRESSIONS WITH A TOP HAT PROFILE

( )  : cloud value C ( ) : environment value 
~

( )   = ( )  - ( )
C

~

( ) = ( )  + (1 - )( ) C

~

:
Temperature, water-vapor mixing
ratio, or their combinations

=

w 1 w w=

w w w

EXPRESSIONS WITH A TOP HAT PROFILE

Conventional parameterization

0 :
cumulus massflux

]w wc

( )  : cloud value C ( ) : environment value 
~

( )   = ( )  - ( )
C

~

( ) = ( )  + (1 - )( ) C

~

:
Temperature, water-vapor mixing
ratio, or their combinations

=

w 1 w w=

w w w

EXPRESSIONS WITH A TOP HAT PROFILE

Conventional parameterization

0 :
cumulus massflux

]w wc

( )  : cloud value C ( ) : environment value 
~

( )   = ( )  - ( )
C

~

( ) = ( )  + (1 - )( ) C

~

Uni!ed  parameterization

= w 1 w=:=

:
Temperature, water-vapor mixing
ratio, or their combinations

=

w 1 w w=

w w w



( Earlier, this dependency was introduced as a choice to satisfy the convergence.)
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BETWEEN DIFFERENT RESOLUTIONS
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The -dependence of the eddy transport
is similar between different resolutions.       

wThe value of               is also similar. 
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But the ability also depends on the e!ciency of eddy transports.
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INTERIM SUMMARY AND FUTURE PROBLEMS

Parameterization must represent only the eddy e!ect as far as the transport
is concerned.

The uni"ed parameterization determines  in terms of the grid-scale
destabilization normalized by the eddy transport e#ciency. 

The uni"ed parameterization formulates uncertainty of eddy transport in
terms of the uncertainty of cloud properties relative to the grid-point values.

Multiple cloud types do not seem to be important for high resolutions.  But
in-cloud eddy transport can be important for the “uni"ed parameterization”
to be truly uni"ed including stratiform clouds. 
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DIVERGENCE  OF  THE  HORIZONTAL  TRANSPORT  OF  h 

z = 0.5 km z =   2  kmz =   1  km

Shear case d= 8 km

Divrgence of the eddy transport is much smaller than

that of the total transport in both means and standard deviations.
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