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Entrainment

enetrain (v.) — to “non-cloudy” air into “cloudy” air




Entrainment

For the simplest , ignoring detrainment, the change in
mass flux with height can be used to define entrainment
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Direct Measurement

There are many methods to estimate E or € in
observations and cloud resolving models

A new method that entrainment in
high resolution models has been introduced:

J. Dawes and P. Austin (2011)

D. Romps (2010)
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ABSTRACT

Direct calcula s of the entrainment and detrainment of air into and out of clouds require knowledge of
the relative velocity difference between the air and the cloud surface. However, a discrete numerical model
grid forces the distance moved by a cloud surface over a time step to be either zero or the width of a model grid
cell. Here a method for the subgrid interpolation of a cloud surface on a discrete numerical model grid is
presented. This method is used to calculate entrainment and detrainment rates for a large-eddy simulation
(LES) model, which are compared with rates calculated via the direct flux method of Romps. The comparison
shows good agreement between the two methods as long as the model clouds are well resolved by the model

et by the ability to resolve fluxes on much finer temporal
cales, making it suitable for calculating entrainment and detrainment profiles for individual clouds.




Experiment

Using this new method we would like to find out more about
entrainment to guide future convective scheme development

So let’s try to answer a few questions:

* Is entrainment fundamentally different in
convection?
(Mapes and Neale 2011)

— How does affect entrainment?

* Does environmental

less fractional entrainment?
(Bechtold et al. 2008)



Experiment Setup @&
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=1K

3 g/kg
4_ / 8 / 12 km Wind Profile o |

21000 L

2 km
o

15000 400 |

12000

500 |
9000 ‘
6000 f o0 |
.
|
3000 :\ w0 |
0 = 1000 |

o
=}

200 |

700 |

sounding

1000 |

332 Tlel|

Tropical

Mean

wat[cm]=4 CapelJ]= 785

150 |

Temperature (F)

1656+ o)
14215 (o]
12426 )

| 10949 ®
9683 ]
7578 ©
5859 Q
3142 ?
1503 8

-
o]
T T T T T T T
-20 0 20 40 60 80 100
Temperature (F)
Tropical Mean
Plcl=950 TIcl[C]=22 Shox=0 Pwat[cm]=5 Cape[J]= 2141
1656+ - o
14215 (o]
12426 (o]
10949 ©
9683 @
7578 o)
5859 Q
3142 ®
1503 Ii
e
o]
T T T T T T T
-20 0 20 40 60 80 100



Initial Radius
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Control Higher Humidity w/ Shear

Initial Radius
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Control Simulations

Larger bubble radius:
* Higher cloud top
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* Larger cloud fraction et v )

* Stronger updrafts

Traditional plume model —
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Shear Effects

Core Entrainment (TET) core Fraction
Al

Adding shear:
* Lower cloud top

» Slightly stronger updrafts
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Humidity Effects

Core Entrainment (TET) core Fraction

Higher Humidity:

* Higher cloud top

Height (km)

* Larger cloud fraction

* Stronger updrafts
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Core Entrainment (TET)

Bechtold et al. (2008)
predicted the opposite
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Column Average
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e Shear effects
— Bulk of the cloud has

— Clouds are slightly
and

* Humidity effects
— €is
— Clouds are and
— Larger mass flux

Caveats

Highly experiment

Profile of was not realistic
Large-scale not considered
No cloud
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e Further Work

— Do entrainment and
the same thing?

— Is the impact of
organization similar to shear?




Questions?




 Simulation

* Entrainment comparison
Impact of bubble width

Shear vs non-shear
Impact of more humid environment
Scatter plots

e Evssheared E
e Evs HumidE
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Core Entrainment (TET) core Fraction
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