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Entrainment	  
	  
entrain (v.) – to transform “non-cloudy” air into “cloudy” air 
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Entrainment	  

For	  the	  simplest	  plume	  model,	  ignoring	  detrainment,	  the	  change	  in	  
mass	  Blux	  with	  height	  can	  be	  used	  to	  deBine	  entrainment	  

 
E =

dM
dz

M2	  
	  
	  
	  
M1	  

E	


  
ε=

1
M

dM
dz

Total 	

Entrainment	


	

Fractional	


Entrainment	

	  



There	  are	  many	  methods	  to	  estimate	  E	  or	  ε	  in	  
observations	  and	  cloud	  resolving	  models	  
	  
A	  new	  method	  that	  directly	  measures	  entrainment	  in	  
high	  resolution	  models	  has	  been	  introduced:	  

	  J.	  Dawes	  and	  P.	  Austin	  (2011)	  
	  D.	  Romps	  (2010)	  

Direct	  Measurement	  

E’u’	  



Using	  this	  new	  method	  we	  would	  like	  to	  Bind	  out	  more	  about	  
entrainment	  to	  guide	  future	  convective	  scheme	  development	  
	  
So	  let’s	  try	  to	  answer	  a	  few	  questions:	  
	  

•  Is	  entrainment	  fundamentally	  different	  in	  
organized	  convection?	  
(Mapes	  and	  Neale	  2011)	  
–  How	  does	  shear	  affect	  entrainment?	  

•  Does	  environmental	  humidity	  cause	  	  
less	  fractional	  entrainment?	  
(Bechtold	  et	  al.	  2008)	  

Experiment	  



Experiment	  Setup	  
Δx	  =	  500	  m	  
	  
72	  km2	  domain	  
	  
Ini1alized	  with	  tropical	  mean	  sounding	  
	  
warm/wet	  bubble	  was	  also	  added:	  
	  	  dT	   	  =	  1	  K	  
	  	  dq	   	  =	  3	  g/kg	  
	  	  X	  rad	   	  =	  4	  /	  8	  /	  12	  km	  
	  	  Z	  rad 	  =	  2	  km	  

Wind	  ProBile	  
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Control	   w/	  Shear	  Higher	  Humidity	  
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Control	  Simula1ons	  

Larger	  bubble	  radius:	  
•  Higher	  cloud	  top	  
•  Larger	  cloud	  fraction	  
•  Stronger	  updrafts	  
•  Larger	  entrainment?	  

	  
Traditional	  plume	  model	  
predicts	  weaker	  entrainment	  
with	  larger	  radius	  
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Shear	  Effects	  

Adding	  shear:	  
•  Lower	  cloud	  top	  
•  Slightly	  stronger	  updrafts	  
•  Weaker	  entrainment	  



Humidity	  Effects	  

Higher	  Humidity:	  
•  Higher	  cloud	  top	  
•  Larger	  cloud	  fraction	  
•  Stronger	  updrafts	  
•  Stronger	  entrainment?	  

Bechtold	  et	  al.	  (2008)	  
predicted	  the	  opposite	  
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•  Shear	  effects	  
–  Bulk	  of	  the	  cloud	  has	  weaker	  ε	  
–  Clouds	  are	  slightly	  larger	  	  
and	  lower	  

•  Humidity	  effects	  
–  ε	  is	  stronger	  
–  Clouds	  are	  higher	  and	  larger	  
–  Larger	  mass	  Blux	  

Conclusions	  

	  
•  Caveats	  

–  Highly	  idealized	  experiment	  
–  ProBile	  of	  shear	  was	  not	  realistic	  
–  Large-‐scale	  forcing	  not	  considered	  
–  No	  cloud	  interaction	  

	  
•  Further	  Work	  

–  Do	  entrainment	  and	  dilution	  mean	  
the	  same	  thing?	  

–  Is	  the	  impact	  of	  mesoscale	  
organization	  similar	  to	  shear?	  



Ques1ons?	  



•  Intro	  
–  What	  is	  entrainment?	  
–  Direct	  entrainment	  

•  Simulation	  
–  Setup	  	  
–  Animations	  

•  Entrainment	  comparison	  
–  Impact	  of	  bubble	  width	  
–  Shear	  vs	  non-‐shear	  
–  Impact	  of	  more	  humid	  environment	  
–  Scatter	  plots	  

•  E	  vs	  sheared	  E	  
•  E	  vs	  Humid	  E	  



Shear	  Effects	  



Humidity	  Effects	  


