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Outline

e The basic stuff | learned about the PBL
from Arakawa’s 151B class.

e My Ph.D. work on marine stratocumulus
cloud (Moeng and Arakawa 1980, JAS).

e My CMMAP work with Arakawa on

the PBL under deep convection
(Moeng and Arakawa 2012, MWR).



My favorite class --- 1561B

METEOROLO GY 151 B
Atmospheric Motion I

(Shring 1975, Prof. A. Arakawa.)
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7o study wvardous Cypes of motorn in the real
atmoaspbere , with emphasis on thedr generaliomn, mraintérmxide
Q@rot dissépaticn mechanisms, Cthecr plulual cnlractions,

and tHELr relesS (n weather and climale.
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Introduction to the PBL:

a turbulent layer above the surface
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How is PBL treated in weather & climate models?
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All turbulent motions are represented by this term!



The origin of turbulence--shear instability
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Sources & sinks of turbulence kinetic energy
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shear production
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molecular dissipation
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The surface layer
also known as the “constant flux layer”

A common misconception:
“Flux is constant in the constant flux layer”
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Similarity analysis & Monin-Obukhov theory
for the surface layer
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First time | saw a “large eddy”
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Two important roles of the PBL

1. Carry heat, moisture, pollutants...
from the Earth’s surface to the atmosphere.

2. Regulate the Earth radiation budget via
low clouds in the PBL.
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Outline

e My Ph.D. work on marine stratocumulus
cloud (Moeng and Arakawa 1980, JAS).



Cloud-Top Entrainment Instability
(CTEI)

Randall (1980) & Deardorff (1980) proposed
CTEIl as a mechanism that breaks up the solid
stratus cloud deck into scattered cumuli.
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Built a 2D cloud model

(using a higher-order closure turbulence scheme)

to show CTEI at work.
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Under the CTEI condition, cloud deck breaks up...
(Moeng and Arakawa 1980)
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But nature is a lot more complicated...

Slingo et al. (1982a)
Taylor et al. (1983)
Nichols and Leighton (1986)
Slingo et al. (1982b)
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“Two thirds of the
t stratocumulus
«=observations lie to

I" the left of the

s critical curve and
hence are at odds
with...” CTEI.
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Figure 1. The (A#., Ar) plane. with the critical thermodynamic instability curve (A8, = k(L/c,)Ar). Obser-
vational data are indicated by the coded symbols. with open symbols for mid-latitude cases. solid symbols for
subtropical cases and “cumulus symbols’ for trade cumulus cases. Two thirds of the stratocumulus observations

ermodynamic theory of

cloud top entrainment instability.

CTE| “remains as a theory until it is
proven wrong.” says D. Randall.



At CMMAP, | shifted my research focus to
tropical deep convection &
cloud-resolving modeling (CRM)
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How does the PBL feed moisture into deep clouds?



Outline

e My CMMAP work with Arakawa on
the PBL under deep convection

(Moeng and Arakawa 2012, MWR).



Are conventional PBL schemes
good for km-grid CRMs?



Do we need to treat the PBL B
differently in km-grid CRMs? g

Split the Giga-LES flow field into
CRM-RS & CRM-SGS:

100 km 10 km 1 km

tererenereenenenes M

| )
“CRM-RS’ %“CRM-SGS”

cutoff scale ~a typical CRM grid size O(km)

In PBL, almost all fluxes are carried by CRM-SGS.



Spatial distribution of surface heat fluxes:
the PBL highly inhomogeneous

surface sensible heat flux (W/m2)

200
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Next: show a vertical

cross-section of the “PBL” B
through a cold pool ——8 :

I
azzuy 23

" surface sensible heat flux
¥ | horizontal mean ~ 12 W/m2

strong positive
sfc buoyancy flux
in cold pool areas!

“Color range: 30 — 300 W/m2

surface latent heat flux
horizontal mean ~ 55 W/m2




The “PBL” under a deep convection system
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Stably stratified & dry where sfc B-fix is strong.
** Not a “typical” convective PBL.
Can’t be treated with “typical” PBL schemes.



Find the PBL height (based on the CRM-RS field)

distribution of the inversion (PBL) height
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< 2048 km ____

Horizontal distribution of SGS g-flux

atz~300m

(retrieved from Giga-LES with a 4 km grid cutoff)

SGS wq at z~300m

il =~ ‘ wme  The PBL g-fluxes vary all
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** Conventional ensemble PBL schemes may not
be applicable for CRMs.



200

near-surface temperature
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Where does the PBL feed moisture into
the deep convection system?

Select & study six PBL regimes

1. PBL-cold
2. PBL-envr
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4. PBL-rain

5. PBL-updf

50 b Sl

3. PBL-cldy

6. PBL-down
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The compos:te profiles of SGS qg-fluxes

Thin grey curve:

horizontal average =5 13 dominant regimes:

PBL-updf

N

PBL-rain

-
)

height normalized by composite PBL depth

O 500 1000
Composite profiles of SGS flux
Large SGS fluxes occur at areas with

low-level updrafts & clouds & rain.
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Comparing SGS q-flux distributions at z~ 300 m between
Giga-LES & SAM-CRM (for A=1.6 km)
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Comparing SGS TKE distributions at z~ 300 m between
Giga-LES & SAM-CRM (for A=1.6 km)

\ SHOC version
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SAM underestimates extreme events.



Future work

e How the PBL transport impacts the
development of deep convection.

 Improve the representation of PBL
transport in CRMs.



Professor Arakawa:

Thank you for great
teaching & mentoring,
& bringing me into the
exciting field of the
PBL.




