Analysis of the vertical velocity budget in cloudy updrafts
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Fieose O —~Photograph of seeded cloud 1, July 28, 1965, at seeding time (2217:30 omt). Righi-hand portion seeded.
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The parameterized vertical velocity equation

dw dw d gB _3/3 w?
0=t ()L kt0n)

virtual mass coefficient

the entrainment coefficient

N

aerodynamic drag coefficient

o 0O X =
o

cloud radius
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The parameterized vertical velocity equation

dw dw d gB _3/3 w?
dt (,,,,z) ( Kot Oo) 7

TABLE 1.—Parameters of the EM B cumulus models

e — o —

Parameter Meaning EMB 65 EMB 68 Remarks

K Entralnment.____ .| 066_ __.______. 065 ...........| Lab. value 0.71

Co Aerodynamic 0606 . . .... A0 eiia.....| Bolid-sphere
drag coeflicient value=1,125

¥ Virtual mass | LI Lab. value 0.5
coofficient

LWC Liquid water 4 condensate . | Falloutscheme ..| Much improved
retained in EMB 68
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The parameterized vertical velocity equation

Vertical Velocity Equation Constants Source Eq.
13‘11'.?2 _ B w? 92 _9 . .

35~ = aBs — 1.4573 a=3,R=" Simpson and Wiggert (1969) (1)
%%"; — aB, — (554—.5)1”2 a=1/6,b=1/2 Gregory (2001) (1D
16w? _ 2 _ _

3 = aBs — bew; a=1,b=2 Bretherton et al. (2004) (17)
%(1 — 2pu) aauf = aB; — bew? a=1,b=1/2,p=0.15 Siebesma et al. (2007) (15)

in the literature different values for a and b are proposed
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Constants

Source

Large difference in proposed values for constants

Vertical Velocity Equation Eq. a’ b’

1 dw? w? 9 . .

35> =aBs — 145%% a=z,R=" Simpson and Wiggert (1969) (1) 2/3 2

1 fw? 2 _ —

1% — aBs — (b6 + e)w? a=1/6,b=1/2 Gregory (2001) (11) 1/3 3
%% — aB, bewg a=1b=2 Bretherton et al. (2004) (17) 1 2
1(1—2u) %= — aB, —bew? a=1,b=1/2,p=0.15 Sicbesma et al. (2007) (15) | | 1077 S/

The equations in the Table can all be expressed as:
(Gregory: only if 6(z) = cst)
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Derivation of the conditionally sampled vertical velocity equation
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Derivation of the conditionally sampled vertical velocity equation

oW Juw du''w" g 1 oP

— =— — +—=—0, ——+ o%%)u
Pr sy &g Pz Re¥ @%l
tendency advection subgrid buoyancy pressure
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Slab mean balance
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Sampling operator

f.al Iy? J(z,y, z)dA
Bl - LAl b
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Leibniz rule

Ow Ow, ws 0o Ow L
— | = + + 4 — Leibniz for tendency
at |, ot o ot L

dows Oowsws Oow'w’
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Massflux equation

oM, do
=——+F-D

9: ot

Substitution:
Ows 10w?  ew? 1 doww'™ dp

— B -’78 _ s _ — 202 cos

5t <t 30: 1-0 o 0 [ath gk i

Tend 2% Adv Ent Subplume e Cor
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w budgets for ARM: term —(Buo+Adv)—~ -bew.? (but actually

represents effect of pressure damping)

Ows _ o 10wl cwi 1 doww lap] + 90 cos pu
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w budgets
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ARM cloud up
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scatter plots: ARM

ARM cloud up
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scatter plots: BOMEX and RICO

BOMEX & RICO cloud up BOMEX & RICO cloud up
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Budgets do not exhibit universal scaling behavior

Cloud core Cloud updraft

BOMEX ARM RICO | BOMEX ARM RICO

- {gﬁ} —a,B,| 058 -106 -053| -039 -102 029
- [g] Spew?| 335 517 219|123 271 076
ew? = a B, 015 019 0.6 028 038 030

9wl — 1B, 035 023 032 042 030 037

Table 2: Fit coefficients . pe., ., and i of a linear regression trough origin for the scatter plots

]
TUDelft
]




Discussion

Vertical Velocity Equation Constants Source Eq. a’ b’
18‘11'.?2 o B 'H.F2 _ 2 9 . :

35~ = aBs — 1.457 a=3,R=" Simpson and Wiggert (1969) (1) 2/3 ?
100 — 4B, — (b5 +e)w?  a=1/6b=1/2 Gregory (2001) an| |13 3

1 ow? _ 2 1 b

35~ = aBs — bew; a=1,b=2 Bretherton et al. (2004) (17) 1 2
11— 2u)2% — B, —bew? a=1,b=1/2,p=0.15 Siebesma et al. (2007) (15) 1077 S/7
1 w? 2

——5 — 4/B, — Vew? > 10wy Yo \B. = nB

2 0z Eaz _(E_ CEE:}E:HS

De Rooij and Siebesma propose o, B, =ew
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(diluted) CAPE: 1/2 ~ 0.15-0.2

Cloud core Cloud updraft
BOMEX ARM RICO | BOMEX ARM RICO
—{ggL:asz 058 -106 -053| 039 -102 029
—[%L: peew? | 335 517 219| 123 271 076
ew? = 0B, 015 019 016 028 038 030
ui — 1B, 035 023 032 042 030 037
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Consequence: b' and a' are dependent

1 Ow? a —n
——3 — (@' — ba.)Bs = nBs > | b =
2 0z (a ) " Cte

¥ Gregory (2001)
3F +

parameterization factor b'
N
|

E | —— BoMEX
E | .- ARM
E | — _RICO
1F Siebesma et al. (2007) =
: +
OE &
0 1 2

parameterization factor o
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Conclusions

1. No universal scaling behavior is found

2. Pressure term dominant destruction term
3. Only small fraction of (diluted) CAPE used for producing vertical motions
4. a' and b' are dependent factors

5. more budgets shown in De Roode et al. (2011)
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