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• idea 

• cloud bubbles in an LES model

• shallow cumulus parameterization



Brian Mapes (~1995 cloud modeling meeting):

Does convection select moist environments?

Brian Mapes (~1995 cloud modeling meeting):

Postulates that convection selects favourable 
environment.



Does convection select moist environments?

Storm filled horizon, Red Bluff, California. U.S.
Michele Sholaas, cloudappreciationsociety.org
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RICO field experiment, Antigua, 17 Jan. 2005 
Gabor Vali, U. Wyoming



Does convection select moist environments?
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cloud base thermals



Does convection select moist environments?

why does this 
plume succeeds?

RICO field experiment, Antigua, 17 Jan. 2005 
Gabor Vali, U. Wyoming

cloud base thermals



Redelsperger et al 2002:   moisture recovery   

qv radiosonde TOGA COARE

“The moisture in the lower and “The moisture in the lower and 
middle troposphere recovered in 
large part from clouds repeatedly 
penetrating into the dry air mass.”

dry intrusion moisture recovery



Burnet, Brenguier 2010:   SCMS shallow cumulus

“The reasons why the third cloud “The reasons why the third cloud 
reaches a higher altitude possibly 

includes pre-moistening of its 
environment.”



BOMEX LES   convective moist selection?
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BOMEX LES:  PDF above cloud base (600m)
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BOMEX LES:   cloud blobs
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BOMEX LES:   cloud blobs

2236 blobs size 1000-10000
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Time, lagged around blob center, normalized by blob time scale
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BOMEX LES:   water                (size 100-320)

TWP cld-layer n=7383

TWP subcld-layer
moisture moisture 

convergence



BOMEX LES:   water                (size 10000-32000)

TWP cld-layer n=92

TWP subcld-layer



BOMEX LES:   size

TWP cloud layer TWP sub-cloud layer

100 - 320 - 1000 - 3200 - 10000
-32000

Bubble Size [(25m)2 30s]

100 - 320 - 1000 - 3200 - 10000
-32000

Bubble Size [(25m)2 30s]

• all clouds live in top half moist environment (TWP>600m)
• smallest clouds consume TWP (>600m)
• big clouds add TWP (>600m)
• sub-cloud layer plays no role in cloud size selection



� prognostic total water variance equation

DUALM convective pre-conditioning
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DUALM errors without premoistening

Z1000 U850

Tests in ECMWF model with DUALM shallow convection. 



DUALM: impact of convective preconditioning

Z1000 U850

Tests in ECMWF model with DUALM shallow convection. 



Final thoughts

� conclusions from LES analysis

� bigger clouds rise into more moist troposphere

� bigger clouds add moisture in previous cloud layers („pre-moistening“)� bigger clouds add moisture in previous cloud layers („pre-moistening“)

� application to convection parameterisation

� entrainment of moist patch

� land deep convective diurnal cycle delayed by period of shallow 
convection pre-moistening mid-levels

� convection parameterization based on PDFs will turn off at high resolution � convection parameterization based on PDFs will turn off at high resolution 
because variance goes to 0



Extra Slides



Does convection select moist environments?

RICO field experiment 
Gabor Vali



All Nov-Feb 
1992/3

Brown, Zhang 1997:   RH during TOGA/COARE

PDF

Drought Period

Rainy Period

Moist low levels (~800hPa) 
favour deep convection

RH [%]



Jarecka, Grabowski, Pawlowska, 2009

BOMEX LES run
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Entrained air is pre-moistened.



Derbyshire et al 2004:  RH dictates cloud top
MetO CRM CNRM CRMEnvironment RH

MetOffice SCMECMWF SCM
RH (%)

mass flux mass flux

• small ε to get high cloud top

• large ε to get large RH sensitivity



LES results
TWP below 600m

mean θv below 600mmean θl below 600m

Gaussian

0.2K 0.1K



LES results:   water                (size 320-1000)

TWP cld-layer LWP
n=4164

TWP subcld-layer cloud cover



LES results:   water                (size 1000-3200)

TWP cld-layer LWP
n=1690

TWP subcld-layer cloud cover



LES results:   water                (size 3200-10000)

TWP cld-layer LWP
n=544

TWP subcld-layer cloud cover



LES results:   temperature     (size 100-320)

θl cld-layer θv cld-layer
n=7383

gravity waves

θl subcld-layer θv subcld-layer



LES results:   temperature     (size 320-1000)
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LES results:   temperature     (size 1000-3200)
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LES results:   temperature     (size 3200-10000)
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LES results:   temperature     (size 10000-32000)

θl cld-layer θv cld-layer
n=92

θl subcld-layer θv subcld-layer



LES results



BOMEX LES   cloud blobs (old first run)

166 blobs size 1000-10000 39 blobs size 10000-100000
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Time, lagged around blob center, normalized by blob time scale
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LES results
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