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GIGA-LES

• Large Eddy Simulation using SAM

• GATE Idealized steady forcing

• 2048x2048x256 grid points (~1 billion)

• 100m horizontal, 50m to 100m vertical in 
troposphere
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an almost doubling of the value of CAPE from 1200 to 2000
J kg21 during the first six hours. This CAPE build-up is
followed by a burst of deep convection, which removes
about half of the additional CAPE. Subsequently, the CAPE
approaches equilibrium, at about 1500 J kg21. During the
burst, the CIN increases from virtually zero to about 5 J kg21

due to stabilization of the low troposphere by compensating
subsidence. After the burst, CIN also trends down towards
equilibrium. Previous studies (Mapes 2000; Kuang and
Bretherton 2006) have suggested that CIN plays an important
role in regulating the cloud-base mass-flux.

5. The cold pools and tri-modal cloud distribution

This study supports previous findings that cold pools play a
very important role in organizing deep convection on the
mesoscale and in triggering new deep convective cells
(Tompkins 2001; Kuang and Bretherton 2006;
Khairoutdinov and Randall 2006). Figure 4 presents a
visualization of the cloud scene3 over the whole 205 6
205 km2 domain at hour 13. Note that the domain size is
comparable to the grid-cell size of a typical GCM and,
hence, the scene illustrates the complexity of representing
the statistical effects of clouds over the scales unresolved by
GCMs. One can see individual deep clouds and cloud
systems dominated by extensive anvils and surrounded by
smaller congestus and shallow clouds. Due to the vertical
shear of the zonal wind, the deep convection tends to
organize in the zonal direction producing mid-level pairs
of mesocyclones; however, no squall-line developed during
the simulation period, probably due to the relatively weak
shear, with the low-level jet at a relatively high 4-km level
(see Fig. 1). Some of the deep clouds are surrounded by arc-

shaped structures, which reveal gust fronts at the edges of
spreading cold pools in the PBL produced by convective
downdrafts. The downdrafts are forced by the evaporative
cooling and precipitation loading, and bring drier air from
the free troposphere down to the PBL. This is illustrated by a

Figure 3. Time evolution of horizontally averaged precipitation rate (PREC, mm day21), latent (LHF, W m22) and sensible (SHF, W m22)
surface heat fluxes, cloud cover (CLD, %), CAPE (J kg21), and CIN (J kg21) in the benchmark run BASE.

Figure 4. Visualization of simulated cloud scene over the area of
205 6 205 km2 corresponding to hour 13 of the BASE run. The
image represents visible albedo estimated from the liquid and
ice water paths. The cloud arcs around some of the deep clouds
are the shallow clouds lifted up by the gust fronts at the edges
of spreading cold pools. The semi-transparent gray-blue areas
indicate the presence of cirrus clouds, while dark-blue areas are
cloud-free.

3 The supplemental file with the animation of 24 hours of the baseline case is
available as part of this publication. DOI: 10.3894/JAMES.2009.1.15.S1
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Cloud Water Path
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Shallow Convection

Text

Cloud Water Path at t = 4 hours
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Congestus

CWP at t = 5.75 hours
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Transition

CWP at t = 7 hours

Wednesday, January 11, 2012



Deep Convection

CWP at t = 12 hours
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Profiles of MSE

• An entraining 
plume is less 
dilute for a 
lower 
entrainment 
rate

• Lin and 
Arakawa 1997 
Fig. 8
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Profiles of MSE

• After Kuang 
and Bretherton 
2006
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Deep Convection at 12 hrs
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The transition over 
time

• Focusing on the lowest 5 km
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Shallow Convection
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Congestus
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Vigorous Transition
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Deep Convection
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Precipitation Rate Profiles
• High precipitation rate is sometimes the 

definition of “deep convection” (Fletcher 
and Bretherton 2010)

• Show peak rates occur at 7 hours into the 
simulation

• The depth through which the precipitation 
is falling increases over time

• And the rate increases dramatically, 
suddenly
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Question concerning 
transition

• Does simulation show shallow Cu’s 
precipitation needed to evaporate and 
form cold pools before vigorous deep 
convection can occur?
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•Or does simulation show shallow Cu’s 
moistening of upper levels
 
•Followed by strong over shooting deep 
convective heavy precipitation, then cold 
pools and stabilized deep convection

•Or something else?

Question concerning 
transition
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Precipita)on	  Flux

• Time-‐Height	  diagram	  of	  precipita)on	  rate	  at	  each	  
level	  (mm/day)

	  

• Recall	  Maximum	  Surface	  Precipita)on	  Rate	  at	  7	  
hours
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Precipita)on	  Flux
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Precipitable	  Water
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Precipita)on	  Flux

• Is	  the	  early	  PW	  trend	  due	  to	  large	  scale	  
prescribed	  tendency?
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Mass	  Flux	  in	  Cloudy	  Cells:	  
Note	  Nega)ve	  Flux	  at	  7	  Hrs
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Cold	  Pools	  Timing

• The	  low	  level	  mass	  flux	  between	  6-‐8	  hours	  shows	  
the	  forma)on	  of	  the	  cold	  pools

• Another	  way	  is	  to	  look	  at	  the	  variance	  of	  the	  
MSE	  in	  the	  downdraQs
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SFC Rain Rate = 2 mm/day
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Sfc Rain Rate = 31 mm/day
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Sfc Rain Rate = 14 mm/day
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MSE Variance below 5 km
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Downdraft MSE Variance at SFC

Note peak 
after 7 hrs
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Mean MSE Variance Below 500m

Even when 
layer averaged
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Transi)on

•What	  happens	  to	  the	  shallow	  Cu	  aQer	  deep	  
convec)on	  forms?

• CWP	  shows	  their	  disappearance
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Transition

CWP at t = 7 hours
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Deep Convection

CWP at t = 12 hours
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Transi)on

• Since	  mass	  flux	  and	  ver)cal	  velocity	  is	  
necessarily	  zero	  averaged	  over	  the	  domain	  at	  any	  
level

• Vigorous	  cumulus	  updraQs	  induce	  environmental	  
subsidence

• Shallow	  convec)on	  is	  supressed
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Cu	  Induced	  Subsidence

37
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Cold	  Pools	  Timing

• The	  evapora)on	  of	  precipita)on	  is	  linked	  to	  cold	  
pool	  forma)on	  (Khairoutdinov	  et	  al.	  2009	  Fig.	  7)
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Evapora)on
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Precipita)on	  Flux
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Summary:
Cold	  Pools

• High	  precipita)on	  rate	  is	  some)mes	  the	  
defini)on	  of	  “deep	  convec)on”	  (Fletcher	  and	  
Bretherton	  2010)

• Highest	  precipita)on	  rates	  precede	  cold	  pool	  
forma)on

• In	  GIGA-‐LES,	  vigorous	  deep	  convec)on	  precedes	  
cold	  pool	  forma)on
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Summary:
Vigorous	  Deep	  Convec)on

• Occurs	  aQer	  moistening	  of	  mid-‐layers

• Has	  highest	  precipita)on	  rates

• Begins	  to	  inhibit	  shallow	  Cu	  by	  the	  deep	  Cu	  
induced	  subsidence

• Precedes	  steady	  state	  cold	  pool	  regime

• The	  transi)on	  from	  shallow	  to	  deep	  convec)on	  

is	  complete	  in	  GIGA-‐LES
42
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