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Mixing Scenarios

• Entrainment: single vs multiple events?

• Parcel trajectory:  isobaric vs ascending?

• Entrained CCN:  none vs cloud base 
spectrum
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FIG. 2. (a) Variance vs elapsed time t scaled by a large-eddy time-
scale !L for 1, 3, and 9 initial blobs. (b) As in (a) except that the
elapsed time is scaled by the mixing timescale !d, which depends on
the initial blob size.

FIG. 3. A parcel is represented by a 1D domain in the EMPM. The
parcel’s internal structure evolves due to discrete entrainment events
and turbulent mixing (rearrangement events and subgrid-scale dif-
fusion).

linear eddy simulations of mixing in homogeneous tur-
bulence, see McMurtry et al. (1993).
The example just described demonstrates the rela-

tionship between the entrained blob size and the sub-
sequent scalar variance evolution. In cumulus clouds,
variance is produced by multiple entrainment events.
The in-cloud variance level is thus determined by the
relative rates of variance production by entrainment and
variance decay by mixing.

c. EMPM implementation

By combining the linear eddy model described in
section 3b with the entrainment parameterization de-
scribed in section 3a, the EMPM is able to represent
the effects of entrainment, turbulent deformation, and
molecular diffusion on the internal structure of the par-
cel.
The evolution of a parcel as it ascends from cloud

base is calculated using the EMPM as shown schemat-
ically in Fig. 3. The EMPM’s 1D scalar fields are ini-
tially uniform and set equal to the observed horizontally
averaged cloud base values. As the parcel rises above
cloud base at a specified rate based on observations,

entrainment events occur at irregular intervals. The en-
trained blobs are mixed by the linear eddy model’s re-
arrangement events—which increase the scalar gradi-
ents—and by eddy diffusion.
Many realizations (independent calculations) of par-

cel evolution are made with the EMPM for each set of
parcel parameters in order to provide a precise statistical
representation of the entrainment and mixing processes,
which are both modeled as stochastic processes in the
EMPM. Each realization differs from the others in the
ensemble in its sequence of entrainment intervals and
its set of rearrangement events. Each simulation de-
scribed in the next section consisted of an ensemble of
100 realizations.

4. Simulations

We used the EMPM to simulate entrainment and mix-
ing in Hawaiian cumulus cloud ‘‘main turrets’’ observed



Explicit Mixing Parcel Model (EMPM)

• The EMPM predicts the evolving in-cloud variability due to
entrainment and finite-rate turbulent mixing using a 1D
representation of a rising cloudy parcel.

• The 1D formulation allows the model to resolve fine-scale
variability down to the smallest turbulent scales (∼ 1 mm).

• The EMPM can calculate the growth of 1000 individual
cloud droplets based on each droplet s local environment.



 

 
 

Figure 5c : As in Fig. 5b but for data from the SCMS 5 August case. Black diamonds indicate 

!!"# for relative humidity values of 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% and 99%. 

 

 - 48 - 

 

Burnet and Brenguier 2006



Isobaric: Multiple Entrainment Events
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Ascending: Multiple Entrainment Events
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Ascending: Multiple Entrainment Events

without entrained CCN

200-m domain, 10-m averages
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Ascending: Multiple Entrainment Events

with entrained CCN

200-m domain, 10-m averages

(in progress)



EMPM assumptions

• No buoyancy sorting (detrainment of 
negatively buoyant parcels)

• Idealized updraft structure

• Entrained blob size



Isobaric mixing: spectra for various entrained 
air fractions (single event) (20-m domain)
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Isobaric mixing: spectra for various entrained 
air fractions (single event vs multiple events)
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