The stratocumulus response to a single
perturbation in cloud controlling factors
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The boundary layer budget equation for a conserved variable
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The cloud controlling factors

height z

Variable ¢  Units Reference value
fo (K) 288.0

D (s7hH 5-107°

U (ms—! 10.0

AF (Kms~!Y)  0.035

Ost (K) [285,301]

G (kg™ [09]

Ty (Kkm~1) 60
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Equilibrium State Solutions

we(th — QSat,O)

dt,ml = (sat0 + We + CdU

9 9 we(91|z_+ — 90) — AF
I,ml = 0o + e + OaU

We = DZi

Partial derivatives with respect to SST (for fixed entrainment rate):

601,11]1 . Oqtm CdU
= = <
000 8Qsat,0 we + CqU

0 < 1

Warmer SST -> warmer and moister boundary layer

What about LWP response?
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LWP response to SST change (fixed entrainment rate)

fixed entrainment

OLWP /08, [(kg/m®)/

K]
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an (9/kq)
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LTS = 05,,— 0y (reference case value)

cloud thickening (cloud base lowers)
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Partial and total derivatives

(entrainment parameterization from Nicholls and Turton 1986)

fixed entrainment with entrainment response
ALWP /88, [(kg/m?)/K] dLWP/df, [(kg/m®)/K]
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Liquid water path (LWP) response to a perturbation in a cloud controlling

factor ¢,
(dLWP) N (8LWP) 4 ((’9LWP) " (8'we)
dpi 0pi ), dwe / , Op;
N ~ _J/ N ~ ~, . , h\/d
total direct multiplier entrainment response
depends on reference model property

state, thermodynamics

801,ml o CdU(eft — 90) + AF + we%(we + 2C(d(]) <~ 0
Bwe N (we + CdU)2

Jqem o CaU (ge — Gsat0)

OWe B (we—l—C'dU)2 <0
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The total response

(dLWP) N (0LWP) N (8LWP) y (3108)
do; )\ Op; w. Owe / Op;
L W} 7 \ ;

A g
vV " W

total direct multiplier entrainment response

OLWP/Bw, [(kg/m?)/(mm/s))

thinning : dz, > dz

thickening :dz, < dz

qr (9/kq)

"cloud deepening through entrainment”

18 20 22 24 26 28 30 (Randall,1984)
LTS (K)
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The entrainment response

(parameterization from Nicholls and Turton 1986)

an (9/kg)
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more entrainment if SST is increased
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HLWP HLWP dwe dLWP
( 9p; )w (Ewe )w- dpi ( dp; )

2

indirect effect direct multiplier  entrainment total
i >0 >0 >0 ] dLWP  OLWP _ (y
i 0 0 0 depi Op;
. 1 > < <
Amplifying .
i <0 <0 >0 dLWP _ OLWP _
v <0 > 0 <0 dei = Opi
I > (0 > () <0 dALWP < OLWP
. i [>0 <0 >0 | dii Op;
Counteracting ...
i <0 <0 <0 dLWP > OLWP
iv <0 >0 >0 dip; Ipi

BLWP /86, [(kg/m?) /K] aLWP /0w, [(kg/m?)/(mm/s)]  dLWP/d8, [(kg/m*)/K]
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fixed entrainment
86,/ 06, (K/K)

Partial and total derivatives
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increase in sensible heat flux
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ar (9/kq)

with entrainment response

A6,/ 6o (K/K)
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decrease in sensible heat flux
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Total LWP response (including entrainment response)

SST free tropospheric temperature

dLWP/d8, [(kg/mz)/x] dLWP/deﬂ [(kg/mz)/K]
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free tropospheric humidity wind speed
dLWP/dgy [(kg/mz)/(g/kg)] dLWP/dU [(kg/m?)/(m/s)]

gr (9/kg)
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Conclusions

Entrainment multiplier
Entrainment response can change sign of the LWP response

Single changes
Opposing LWP responses, e.g. SST and free tropospheric temperature

Outlook/wish
Test entrainment response due to a single change in SCM framework
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Direct response (entrainment fixed)

SST

8LWP /36, [(kg/m?)/K]

dx (9/kg)

o
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free tropospheric humidity
ALWP/8q, [(kg/m*)/(9/k9)]
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Total response (including entrainment response)

dI_WP/dB [(kg /mz)/K]

an (9/kq)

18 2IO 2|2 2I4 2I6 2I8 30
LTS (K)
dLWP/dqft [(kg)]

ar (9/kq)
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LTS (K)

an (9/kq)

ar (9/kq)

dLWP/d8y [(kg/m®)/K]
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LTS (K)

dLWP/dU [(kgmz)/(m/s)]
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LTS (K)
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Total entrainment response (Nicholls & Turton)

SST free tropospheric temperature

0w,/ 80, [(Cm/S)/K] _Ow /39n [(Cm/S)/K] |
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Equilibrium State Solutions

71/) € {Qt,‘el}
8wml L —
G = CaU (Yo — m1) + we(¢|zi+ — Ym1) —ASy =0
0z; B LT B
E — We wlzi' - O

Entrainment rate w, from Nicholls-Turton (1986)

AS,;=0 - no drizzle

ASq = AF 4/pC,, AF o4 = 40 Wm - net radiative cooling
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