Stratocumulus Cloud Modeling

Shouping Wang

* Research issues

— Wind shear impact on the entrainment and cloud structure

— Stratocumulus cloud diurnal variation in Monterey Bay area

— Evaluation and improvement of stratocumulus simulation of COAMPS
 Approaches

— COAMPS-LES and COAMPS mesoscale modeling

— Data analysis and comparison with model output

— Close collaboration with other Pls.



The Wind Shear Impact on the Entrainment and Cloud Structure

Aircraft observations on 8 July 1999 in Monterey Bay area in DECS (from Qing Wang)
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Strong wind shear exists at the top of clouds due to topography and land-sea contrast

What is the effect of the intense wind shear on the entrainment?

How does the wind shear affect the inversion structure?

what is the response of turbulence and cloud structure to the wind shear?



The Wind Shear Impact on the Entrainment and Cloud Structure

1000

Height (m)
o (=]
[==3 [
[=J (=]

.
(=13
(=]

[
[
L=

;;&4_ 288 292 296 300
Theta-L (K)

0 02 o4

Q. (g kg

Height (m)

0.002 0,004

0002 ¢
Shear Production
(m?s39)

800
700
E oo
z
2500
3
I

400

Jon

0002 0 0002 0.004

Buoyancy Production
(m?sd)

-10 -8 -6 -4 -2 0
Radiative Heating
(Kh?)

COAMPS-LES
Simulation

AX=30m; AZ=5-20m

Strong Shear
Weak Shear _ _ _ _
No Shear -

High-Resolution
AX=10m; AZ=5m

Strong
Shear

* The intense wind shear enhances the TKE buoyancy consumption, decreases the
liquid water content, and reduces the radiative cooling near the cloud top.



Wind Shear Impact on the Entrainment and Cloud Structure

Wind shear across the inversion significantly change the inversion layer characteristics
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* The entrainment mixing is enhanced by the wind shear;
A separation between the cloud top and inversion top is produced,;
» This separation layer thickness is proportional to the intensity of the wind shear.

« Data need: soundings, entrainment zone, surface and cloud layer turbulence and
cloud microphysics.



Impacts of Inversion Stability and Wind Shear
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* Increased wind shear with reduced inversion stability leads to a significant reduction in
cloud water and top height.

* It significantly thickens the inversion layer

» Bulk Richardson number of in the inversion approaches to 0.3 with increased instability
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Diurnal Variation of Stratocumulus Clouds in Monterey Bay

Mbay area averaged vertical motion
1000

800 1

600 -

400

200

L)'

ﬂ I I I I I I I I
122 152 187 NI 007 037 087 097 121
i 3

0 001 002 003

2007—0.04 =003 =002 —0.01

Mbay area averaged fand g,

1000

800

[} I I I I I I I I
122 157 182 217 002 037 067 097 12

205@ 288 290 292 244 296 298 300 302 J04




1200

1100 {
1000 {
900 1
800 {
700
600 1
500 {
400 {
300 4
200 {
100 1

1200

- 77 o
ﬁ_wufj 8:00AM
eull 07 — SR N

-ﬁkwhhh_feehﬂg//&ﬁ,x

e

Q7 et

. 1F 103 %

J

a2l

15
e )

T oxop

—

./ o
—

— 8

e Pt ——
BN e
k '\q.-t—‘—ﬂ—'o-—'t—'i——'v-

Eknowow N
reew B OUN

P Y WA

;\¢_
—
—

hana»n m n 3

— o e

364N 365N 366N I6IN 368N

384N 37N 37N

—_—
10

1100 ~
1000 ~
800
800 -
700 A
600
500
400
300
200
100 -

>

S 04:00PM
‘“—.““—.\\‘_./("\‘_‘__c_&_!‘-..s\\\&.ﬂ. o ™ - 5 -
T x~?f/”W/7fd

gya\w/whh&\ L PN

SRR

T+ Yy,
vy RN TN s e
¢ A"

=y

Nwv g
NN m e w
N e v
_

XAy

> L b

36.4 IBAN 3N 37N
o

1200

1100 1
1000 1
300 -
800 1
700 1
600 1
500 -
400 A
300 ~
200 1
100 -

D.

O ———y
e 11:00AM

“\:\‘,1/;5f\ﬁ\ e 5 /7/€“

t
x
[3
LS
-
-
-
-

364N 385N 38.6N

36.7N 38.8N

"

S e /. 10:00PM

VQ‘&"/«—“—\R‘/'\

&:;/m#%tmw\ A
=

e N

e

N e \\(

37N 371N
10



Collaborations
* Anthony — COAMPS radiation evaluation, simple scheme for LES
* Qing — Shear COAMPS-LES case studies

* CIRPAS, and UCI — COAMPS forecast evaluation and mesoscale processes
(Sounndings)

» Other modeling groups on some case studies (Intercomparison case?)

« COAMPS mesoscale forcing



Scientific Questions

What is the local wind shear effect vs. mean shear on the entrainment

How significant is the effect of wind shear mixing in reducing buoyancy
driven entrainment?

What is the role of critical Richardson number?

How to represent the shear driven entrainment in a mesoscale model
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