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The boundary layer budget equation for a conserved variable 

surface flux entrainment flux source term 



The cloud controlling factors 



Equilibrium State Solutions 

Partial derivatives with respect to SST (for fixed entrainment rate): 

Warmer SST -> warmer and moister boundary layer 

  What about LWP response? 



LTS = θ3km – θ0 (reference case value) 

LWP response to SST change (fixed entrainment rate) 

fixed entrainment 

cloud thickening (cloud base lowers) 
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Partial and total derivatives 

(entrainment parameterization from Nicholls and Turton 1986) 

fixed entrainment with entrainment response 

cloud thinning stronger cloud thickening 
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Liquid water path (LWP) response to a perturbation in a cloud controlling 

factor φi 

model property depends on reference  
state, thermodynamics 



The total response 

thinning   : dzb > dzi 

thickening  : dzb < dzi 

"cloud deepening through entrainment" 

(Randall,1984) 
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The entrainment  response  

(parameterization from Nicholls and Turton 1986) 

more entrainment if SST is increased 
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thinning 



Partial and total derivatives  

increase in sensible heat flux 

fixed entrainment with entrainment response 

decrease in sensible heat flux 
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Total LWP response (including entrainment response) 

SST free tropospheric temperature  

free tropospheric humidity wind speed  



Conclusions 

Entrainment multiplier 
 Entrainment response can change sign of the LWP response 

Single changes   
 Opposing LWP responses, e.g. SST and free tropospheric temperature 

Outlook/wish 
 Test entrainment response due to a single change in SCM framework  



Direct response (entrainment fixed) 

SST free tropospheric temperature  

free tropospheric humidity wind speed 



Total response (including entrainment response) 



Total entrainment response (Nicholls & Turton) 

SST free tropospheric temperature  

free tropospheric humidity wind speed  



Equilibrium State Solutions 

= 0 

= 0 

Entrainment rate we from Nicholls-Turton (1986) 

ΔSqt = 0         - no drizzle 

ΔSθl = ΔFrad/ρcp, ΔFrad = 40 Wm-2   - net radiative cooling 

     


