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Cloud layer evolution 
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 Bulk evolution similar in different models 

 Increasing difference mean and lowest cloud base heights 



Cloud liquid water path 

 Nearly factor 2 difference in LWP ≈ α (ztop-zbase)2 
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Cloud cover 

 Timing of break up differs a couple of hours 
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Cloud albedo 
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Entrainment 

 LES entrainment rate varies between 1 and 2 cm/s 
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Liquid water potential temperature 

- binned mean + σ (all data) 
  mean horizontal legs 

 Free atmosphere: balance radiative cooling and subsidence warming 

 Boundary layer too warm at the end of the transition 
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Total water content 

 Subcloud layer too moist at the end of the transition 

- binned mean + σ (all data) 
  mean horizontal legs 
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Aircraft observations during the 36th hour at 780 m   

 Cumuli present in relatively moist and cold air 

 Small LES domain cannot represent mesoscale fluctuations 
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Horizontal wind velocity variance 

  observations 

 LES results compare well with observations (running mean  filtered, 3.1 km) 
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Vertical wind velocity variance 

 LES results give double peak structure 

 At t=36 hr observations show larger variance 

  observations 
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Buoyancy flux 

 Good agreement for stratocumulus 

 Cumulus results very sensitive to cloud cover 

  observations 
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Total specific humidity flux 

r   subcloud layer 

r < 1   moistening 

r = 1   zero moisture flux divergence  

r > 1   drying 
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Cloud albedo bias from DALES large domain (25.6x25.6 km2) results: 
inhomogeneity factor χ	


 Constant solar zenith angle is used to diagnose χ from hourly 3D fields 

 Calculation of χ excludes clear air columns 
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Large-scale divergence 
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Cloud cover (cc) and cloud boundaries 

 Divergence decreasing: deep solid stratocumulus 

 Divergence constant: shallow cumulus 
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Subsidence, entrainment (we) and liquid water path (LWP) 

Constant divergence   (D=5×10-6 s-1)  

stratocumulus dissipates 

weakening subsidence ("upsidence" at the end") 

More entrainment, thicker cloud? 



Entrainment of dry and warm air from above the inversion: 

 cloud top height (ztop) rises 

 cloud base height (zbase) rises 

Cloud deepening:  
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Vertical structure of a stratocumulus cloud layer 

calculate heat and 
moisture budgets for 
cloud layer only 



Cloud top height tendency 
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Cloud layer depth tendency 
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Cloud layer depth growth: 
include cloud base height tendency 



Cloud base and top height evolution  
for a well-mixed cloud layer 
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Cloud base and top height evolution for a well-mixed cloud 
layer 
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Cloud layer depth increases 
by entrainment 
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Cloud base and top height evolution for a well-mixed cloud 
layer 
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Entrainment drying – 
Cloud layer thins 

Entrainment warming – 
Cloud layer thins 
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Cloud base and top height evolution for a well-mixed cloud 
layer 
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Subsidence -   
Cloud thinning 
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"Upsidence" -   
Cloud thickening 



Cloud base and top height evolution for a well-mixed cloud 
layer 
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Rad cooling – 
Cloud thickening 

Moistening – 
Cloud thickening 
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Cloud base and top height evolution for ASTEX as a function of 
the entrainment rate 

ρcp<w'θL'>zbase  = 11 W/m2  , ρLv<w'qT'>zbase  = 60 W/m2 
ΔθL      = 5 K  , ΔqT    = -1.1 g/kg	

ΔLW    = 74 W/m2 
Div    = 5 x 10-6  s-1 

zbase    = 300 m   ,  ztop= 600 m 
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Cloud base and top height evolution for ASTEX as a function of 
the entrainment rate 

ρcp<w'θL'>zbase  = 11 W/m2  , ρLv<w'qT'>zbase  = 60 W/m2 
ΔθL      = 5 K  , ΔqT    = -1.1 g/kg	

ΔLW    = 74 W/m2 
Div    = 5 x 10-6  s-1 

zbase    = 300 m   ,  ztop= 600 m 
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Cloud base and top height evolution for ASTEX as a function of 
the entrainment rate 
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Decrease subsidence: 
more entrainment is needed to make cloud thinner 
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Main conclusions 

LES captures cloud evolution quite well 

 Stratocumulus cloud top increases, cumulus cloud base at top subcloud layer 

Mean state:  

 Deviation in temperature and humidity during last part of transition 

 LES cannot represent mesoscale 

Decoupling 

 Cumulus clouds transport moisture from the subcloud to the cloud layer 

Subsidence and entrainment   

 For rather large entrainment rates (~ 2 cm/s) stratocumulus cloud layer  can grow 



Example: DYCOMS II RF01  

ρcp<w'θL'>zbase  = 11 W/m2  , ρLv<w'qT'>zbase  = 60 W/m2 
ΔθL      = 8.5 K   , ΔqT    = -7.5 g/kg	

ΔLW   = 74 W/m2 
Div    = 5 x 10-6  s-1 

zbase    = 500 m   ,  ztop= 800 m 

For went > 0.4 cm/s, 

cloud layer rapidly thins 
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Steady-state cloud layer depth: equilibrium entrainment rates 

ρcp<w'θL'>zbase  = 11 W/m2  , ρLv<w'qT'>zbase  = 80 W/m2 
ΔLW   = 70 W/m2 
Div    = 5 x 10-6  s-1 

zbase    = 300 m   ,  zi= 650 m 

equilibrium entrainment rate 
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Steady-state cloud layer depth: equilibrium entrainment rates 

ρcp<w'θL'>zbase  = 11 W/m2  , ρLv<w'qT'>zbase  = 80 W/m2 
ΔLW   = 70 W/m2 
Div    = 5 x 10-6  s-1 

zbase    = 300 m   ,  zi= 650 m 

equilibrium entrainment rate 
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 entrainment rate (parameterization by  
Nicholls and Turton, 1986) 



Regimes of cloud layer growth rates 

Cloud top height decreases 
(entrainment smaller than subsidence) 

Cloud layer thickens 
Cloud top height increases 

Cloud layer thins 
Cloud top height increases 


