
Aerosol impacts on cloud top 
entrainment



Key physical processes: Stratocumulus

Large scale subsidence



Entrainment interfacial layer



Cloud top entrainment
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Faloona et al. [J. Atmos. Sci., 2005]

• Has a profound 
impact on Sc
thickness and 
decoupling 
albedo

• A problem: cloud 
top entrainment is 
very difficult to 
measure

• Example compares 
flux-jump method 
using different 
tracers
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Stratocumulus cloud thickness

Wood, R., 2012: Stratocumulus Clouds. Mon. Wea. Rev., 140, 2373–2423

Sc clouds exhibit remarkably narrow range of cloud thicknesses, 
being rarely <200 m and rarely >500 m







Large eddy simulations
• Base case

– DYCOMS-II case (California Sc), RF01 (same as Ackerman et al. 2004)
– PBL depth 840 m, cloud base 620 m.
– 7 K inversion, dry aloft
– Divergence D = 3.7510-6 s-1; Nd=140 cm-3

• Resolution
– 35 m horizontal, 5 m vertical
– 96  96 grid, i.e. 3.4  3.4 km horizontal domain

• Cloud drop sedimentation rate:

• Sensitivity simulations

– NoSed (c=0); LoSed (g=1.2); HiSed (2LoSed with g=1.5)

– TrRad: longwave radiative cooling profile is computed using non-sedimenting
liquid water tracer in place of the actual liquid water. This removes the 
radiative feedback of sedimentation while retaining its evaporative feedback.



Basic idea in Bretherton et al. (2007)

• Nicholls and Turton (1986) and others find that evaporative 
cooling of liquid water in the entrainment interfacial layer 
(EIL) helps increase entrainment rate

• Processes that remove liquid water from the EIL (near cloud 
top), would reduce evaporative entrainment enhancement 
and reduce entrainment

• Suppression of sedimentation by increased cloud droplet 
concentration and decreased droplet size can increase cloud 
top entrainment

Nicholls, S., and J. D. Turton, 1986: An Observational Study of the Structure of Stratiform Cloud Sheets: Part II. Entrainment. 
Quart. J. Roy. Meteorol. Soc., 112, 461–80.



• Increased sedimentation of cloud drops leads to 
reduced entrainment (we – top row) and thicker 
clouds (LWP, second row) 

– confirms Ackerman et al. (2004)

• No change in turbulent vertical velocity perturbation 
50 m below inversion (��

���) or convective velocity 
scale (w*), indicating that entrainment effects are not 
caused by changes in amount of TKE available to 
entrainment, i.e. are not caused by overall invigoration 
of turbulence in the PBL

• Entrainment often represented as �� = ��∗
� ��∆�⁄ , 

with A an “efficiency” due to processes not 
encapsulated in equation. A increases as 
sedimentation is reduced



• qc maximum shifts down and is “rounded off” as sedimentation 
increases



Mixed layer 
perspective

• Precipitation falling 
below cloud base and 
evaporating exerts a 
much greater 
influence on buoyancy 
than does the 
sedimentation (and no 
evaporation) of cloud 
drops in cloud

• Thus, for a given we

drizzle can significantly 
reduce PBL TKE but 
sedimentation does 
not



Two possible mechanisms for reduced 
entrainment rate

1. Reduced potential 
for evaporative 
enhancement of 
entrainment

2. Reduced cloud top 
cooling within the 
entrainment zone

Table 1 shows that TrRad
simulation without radiative 
feedback is similar to HiSed

Reduced qc due to sedimentation 

Increased qc due to reduced entrainment drying 



New entrainment “closure”

• Coming up with a way to modify the existing entrainment 
parameterization to account for droplet sedimentation

• Modify Nicholls and Turton (1986) parameterization

Reduction in buoyancy due to evaporation

Ratio of sedimentation velocity (wsed) to convective velocity scale (w*) controls effect of sedimentation
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Post-Bretherton et al. (2007)


