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Entrainment: the engulfment of 
environmental air by a cloud
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Entrainment: the engulfment of 
environmental air by a cloud

Large entrainment Small entrainment

1 km-1 (Shallow Cu) .5 km-1 (Congestus) .1 km-1 (Most 
tropical deep 
convection, 
disorganized 
midlatitude deep 
convection)

.05 km-1 (MCSs) .01 km-1 (Supercells, 
TCs?)



Entrainment is a central element to 
cumulus parameterizations

This cloud scene represents the 
variability one might expect within a 
single GCM grid cell

From Khairoutdinov et al. (2009)

From Arakawa and Schubert (1974)



Understanding entrainment is also important to 
forecasting convection



Understanding entrainment is also important to 
forecasting convection



Deeper PBL, higher LCL, equates to 
wider updrafts and weaker fractional 

entrainment

Simulations from Mulholland, Peters, and Morrison 
(2021)



Hypothesized factors that regulate 
entrainment

Weak shear Strong Shear

LCL height?
Cold pools?

The shear 
magnitude itself

Airmass boundaries?
Cloud organization?



Shear – may increase entrainment in initial 
developing updrafts

No Shear Moderate Shear Strong Shear

Simulations from Peters et 
al. (2022)



But ultimately reduces it once updrafts have 
matured

No Shear Moderate Shear Strong Shear

Simulations from Peters et 
al. (2022)



Only small changes to environment translate 
to big changes in entrainment effects

2100 m1800 m 1900 m 2000 m

Initial forcing radii

Simulations from Peters et 
al. (2022)
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