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Mo#va#on'

!  The"CAP5MBL"ARM"field"campaign"from"Jun."2009"to"Dec."2010"

"
"
"

!  ScienZfic"ObjecZve"
—  To"evaluate"cloud"parameterizaZons"and"idenZfy"deficiencies"
—  Two"versions"of"the"Community"Atmosphere"Model"(CAM)""

34 
 

 744 

 745 

Figure 1: (a) Map of Graciosa Island showing terrain elevation, and the location of the AMF site 746 
at the airport approximately 2 km west of the main town Santa Cruz de Graciosa. (b) Map 747 
showing the location of the Azores in the North Atlantic. Colors show the annual mean cloud 748 
droplet concentration for warm, overcast clouds as observed by the Moderate Resolution 749 
Imaging Spectroradiometer (MODIS) on the NASA Terra satellite. The Azores receives a 750 
diverse range of airmasses from North America, from the Arctic and from Northern Europe. (c) 751 
Photograph of the AMF site looking to the SE; (d) Map of the location of Graciosa (and Pico) in 752 
the Azores archipelago.    753 
 754 

(Wood et al. 2014) 
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Cloud,Associated'Parameteriza#ons'Testbed'(CAPT)'
simula#on'experiments'
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A snapshot of CAM5 low-cloud 
amount 

07/26/2010 

MODIS Visible image 

Horizontal 
resolution: 
~1 degree 
 
Model time 
step =1800 s 

!  Short5term"global"hindcasts:"CAM5.3"control"vs."CLUBB5MG2"
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Daily'low,level,cloud'cover'variability'
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Daily'low,level,cloud'cover'variability'
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Daily'low,level,cloud'cover'variability'
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CLUBB-MG2 better 
represents the daily 
cloud variation.  
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Hourly'cloud'cover'vs.'in,cloud'LWP'
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Hourly'cloud'cover'vs.'in,cloud'LWP'

10 

thin 

thick 



LLNL-PRES-xxxxxx 
11"

Hourly'cloud'cover'vs.'in,cloud'LWP'
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Hourly'cloud'cover'vs.'in,cloud'LWP'
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Hourly'cloud'cover'vs.'in,cloud'LWP'
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CLUBB scheme also better simulates the relationship of cloud fraction to LWP  
! the consistent treatment through the PDF approach. 

thin 

thick 
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Precipita#on'and'evapora#on'

!  PrecipitaZon"flux"decreases"in"CLUBB5MG2"compared"with"CAM5.3."
!  Deep"convecZon"scheme"is"acZve"during"34"days"in"CAM5.3,"and"55"days"
in"CLUBB5MG2."

!  Sub5cloud"precipitaZon"evaporaZon"is"largely"enhanced"in"CLUBB5MG2."

CAM5.3  
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Precip. rate Evap. rate Precip. rate Evap. rate 
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Precipita#on'and'sub,cloud'evapora#on'
Cloud radar reflectivity 

dBZ 

07/26/2010 

(Rémillard et al. 2012)  
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Precipita#on'and'sub,cloud'evapora#on'
Cloud radar reflectivity 

dBZ 

07/26/2010 

(Rémillard et al. 2012)  
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Precipita#on'and'sub,cloud'evapora#on'

The suggested 
detectable 
precipitation 
threshold  

Cloud radar reflectivity 

dBZ 

07/26/2010 

(Rémillard et al. 2012)  

(Ahlgrimm & Forbes 2014)  
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Precipita#on'and'sub,cloud'evapora#on'

The suggested 
detectable 
precipitation 
threshold  

Obs. 

Cloud radar reflectivity 

dBZ 

07/26/2010 

(Rémillard et al. 2012)  

(Ahlgrimm & Forbes 2014)  
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Precipita#on'and'sub,cloud'evapora#on'

The suggested 
detectable 
precipitation 
threshold  

Obs. 

CLUBB-MG2: about half of 
the time sub-cloud 
precipitation evaporated out 
before reaching the surface 
" much more realistic 

Cloud radar reflectivity 

dBZ 

07/26/2010 

(Rémillard et al. 2012)  

(Ahlgrimm & Forbes 2014)  



LLNL-PRES-xxxxxx 
20"20 

Surface'SW'cloud'radia#ve'effect'(CRE)'

CRE = SW↓ − SWClear
↓

Mean 
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Surface'SW'cloud'radia#ve'effect'(CRE)'

!  SW"CRE"is"mainly"controlled"by"cloud'cover'and"cloud"opZcal"thickness"
which"is"proporZonal"to"log(cloud'LWP)'and"effecZve"radius."

CRE = SW↓ − SWClear
↓

Mean 
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Surface'SW'cloud'radia#ve'effect'(CRE)'

!  SW"CRE"is"mainly"controlled"by"cloud'cover'and"cloud"opZcal"thickness"
which"is"proporZonal"to"log(cloud'LWP)'and"effecZve"radius."

!  Can"ARM"observaZons"help"idenZfy"where"the"SW"CRE"biases"come"
from?""

CRE = SW↓ − SWClear
↓

Mean 
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Surface'SW'CRE'vs.'in,cloud'LWP'and'cloud'cover'



LLNL-PRES-xxxxxx 
24"24 

Surface'SW'CRE'vs.'in,cloud'LWP'and'cloud'cover'

CAM5.3 
CLUBB-MG2 
OBS 
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Surface'SW'CRE'vs.'in,cloud'LWP'and'cloud'cover'

CAM5.3''
CompensaZng"errors"
“too"few,"too"bright”"

CAM5.3 
CLUBB-MG2 
OBS 
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Surface'SW'CRE'vs.'in,cloud'LWP'and'cloud'cover'

CAM5.3''
CompensaZng"errors"
“too"few,"too"bright”"

CAM5.3 
CLUBB-MG2 
OBS 

"
CLUBB,MG2'
The"SW"CRE"bias"is"mainly"
caused"by"negaZve"cloud"
cover"bias"
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Surface'SW'CRE'vs.'in,cloud'LWP'and'cloud'cover'

CAM5.3''
CompensaZng"errors"
“too"few,"too"bright”"

CAM5.3 
CLUBB-MG2 
OBS 

"
CLUBB,MG2'
The"SW"CRE"bias"is"mainly"
caused"by"negaZve"cloud"
cover"bias"
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Hourly'cloud'op#cal'depth'and'effec#ve'radius'(preliminary)'
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For"overcast"scenes"(cloud"
cover">"0.8):"
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"

!  The"mean"hourly"CLUBB5
MG2"cloud"opZcal"depth"is"
smaller"than"the"mean"
observed"cloud"opZcal"
depth"by"~"2.6."

Hourly'cloud'op#cal'depth'and'effec#ve'radius'(preliminary)'

29 

Mean 

For"overcast"scenes"(cloud"
cover">"0.8):"
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"

!  The"mean"hourly"CLUBB5
MG2"cloud"opZcal"depth"is"
smaller"than"the"mean"
observed"cloud"opZcal"
depth"by"~"2.6."

Hourly'cloud'op#cal'depth'and'effec#ve'radius'(preliminary)'

30 

Mean 

For"overcast"scenes"(cloud"
cover">"0.8):"

"

!  The"mean"hourly"CLUBB5
MG2"cloud"Re"is"smaller"
than"the"mean"observed"
cloud"Re""by"7.3"micron."
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!  ARM'field'observa#ons'with'CAPT'approach'can"help"assess"
climate"model"improvement"and"biases."

!  The"ARM"cloud"and"LWP"observaZons"combing"with"radiaZon"
measurement"help"idenZfy"what"part"of"the"cloud"biases"causes"
the"surface"radiaZve"cloud"effect"biases"in"model"simulaZons"

! We"need"new"precipitaZon"observaZons"to"evaluate"the"
precipitaZon"related"processes"in"model"simulaZons."

! We"need"cloud"opZcal"measurements"for"broken"clouds.""

Summary'

31 
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Extra'slides'
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Climate'model'evalua#on'and'development'
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Courtesy of H.-Y. Ma 
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Climate'model'evalua#on'and'development'
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Courtesy of H.-Y. Ma 
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Climate'model'evalua#on'and'development'
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Courtesy of H.-Y. Ma 

Advantages"of"CAPT:""

1)"can"minimize"the"
general"circulaZon"bias"

2)"can"be"directly"
compared"with"detailed"
processes"observaZons"
(Phillips"et"al."2004)"
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Hours'without'cloud'above'3'km'height'
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More than 1200 daytime hours without cloud above 3 km from 
the observations, CAM5.3 and CLUBB-MG2 


