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Preliminary points:
1. CLUBB (Cloud layers unified by binormals)

e Unified parameterization (of turbulence & clouds) avoids interactions
between different parameterizations
® Accurately representing vertical velocity skewness is a challenge

2. Skewness (w’'~3) corresponds to cloud regime

Large skewness Small skewness




SAM-LES W3 budgets indicate a positive
contribution from pressure near the surface,
which is amplified by the buoyancy term.
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CLUBB ought to mimic the behavior of the LES. Namely,
CLUBB’s pressure terms ought to produce positive w’'3

near the surface. Then, CLUBB’s buoyancy term can
amplify w’3 below cloud.

w' ™3, Third-order moment of vertical air velocity
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PROBLEM #1: CLUBB’s standard pressure
terms won’t produce positive w’'3
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With no pressure term that produces positive w’3 near the surface, we
can’t expect CLUBB’s buoyancy term to produce large, positive w’3.



PROBLEM #2: CLUBB’s buoyancy term won’t
save us either; we expect CLUBB’s buoyancy
term to be large only if w3 is large
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CLUBB needs a new pressure term. Idea: We
notice that the profile of turbulent kinetic
energy (TKE) is similar to the profile of std(p’).
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Hence, to provide a source of positive w’3
near the surface, we add a new pressure
term to CLUBB’s w’*3 equation.

Assuming p’ ~ pge, where &= x (u’2 + 02 + w’z) we can use the form

of the generic pressure term to write a new wp3 source’'term:
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w' ™3, Third-order moment of vertical air velocity
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Improved results in CLUBB with new term:
DYCOMS2 RFO1 case

w3, Third-order moment of vertical air velocity

1200

1000

oo 001 002 003 Q04 Qs 006
wp3

mm SAM-LES
= o C furb eq O
— Ciurbeql

Subcloud layer
A

0.065

0.060

0.055

0.050

0.045

lwp [kg/m2]

0040

0035

0.030

500

400

Height [m]
&
=]

lwp, Liquid water path

0 50 100 150 200 250
Time [min]

-1.00 -0.75-0.50-0.25 000 025 050 075 100

[ﬂ".l35_‘1] le—3

mm SAM-LES
wmm o O turk 2q 0
— Cturb eq 1

— wp3 bt
—— wp3ma
— wp3ita
—— wWp3 ac
—— wp3prl
— wp3pr
wp3 pr3
—— wp3 bpl
—-—= wp3 pr turh
-—— wp3dpl
-—— wp3tp
-—— wp3cl
—-—— wp3 splat
—-—— wp3 residual



Summary

* An additional term is needed in CLUBB’s w’3 equation in
order to reproduce the near-surface positive contribution
from pressure that shows up in LES

e We use a similarity in LES between TKE and std(p’) to
construct a new term for the wp3 equation.

* The new TKE term improves not only the modeled subcloud
skewness, but can improve prognhostic quantities as well

* Work is ongoing to better understand the link between
pressure and buoyancy in LES and to better understand how
the new term may be theoretically justified
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