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Test importance of small-scale radiation-

turbulence interactions w/ LES
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Smooth the radiative tendencies over a specified area representative of a
GCM grid cell to determine importance of small-scale variability on cloud

characteristics

Use WREF in LES mode for ATEX and Composite Transition cases
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Radiative variability drives stratus production

Composite transition case

Cloud
Fraction (%)

Liquid Water
Path (g m-?)

on

Invers

Normalized
Height

Start of radiation smoothing

100 —fii

Oh

Bars indicate|

Sh/

nighttime

@
S
|

Experiment run

TIT ToT AN LA LA

Contours = Horiz. mean cloud fraction
Shading = Change in cloud fraction

0 2,
Time (days)

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Batfelle Since 1965

Removing heterogeneity of radiative
tendencies reduces stratiform cloud

B Reduced cloud fraction, particularly
during the first daytime period

B Reduced cloud water

Altered mixing lowers the inversion
height (essentially the cloud top)

Cumulus characteristics emerge
sooner
B Quickened Sc-to-Cu transition
Increased net surface shortwave
B ~25W m averaged over 3 days



Pacific Northwest

Smoothing radiation hastens transition to Cu
Composite transition case o

Radiative Heating Buoyancy Prod. Liquid Water Total Water
(K day™) (10 m?s7) 9 kg™ (9 kg™

1 sl 1 1 [P | 1 [P | P | [P | 1 aad oy 1 1 PO PR | 1 1

1800 4 | Most horiz. Control |

1500 1 | variability in y ] ] g
=S 0 ] | upper cloud Initial 1 ! :
:1200 . %..._!ayer F 1 b response | 1 - [
_-5) 900 1 - — ] = A E— ] o
:?:’ 600 J Solid = Mean| [ ] ] ] o

] Dots = Std. Dev. \
300 - 0 hr | S ] - \i1 ¢
0 M S — SN A — SN

1800 » L] L - s

A1500_2 F ] Amplification ] Mean state ] | Morev ]

1 | response ] decoupled [
E 1200 ] /. S I S| . SN I Ped L
< | ———— = ] [
S 900 4 F ] ] :

0 +rrrrrrrrr— — e S o = M

1800 5 2 ] N :
—~ 1500 - S b ) T [ ' \ '
E 1200 ] y L - F ] \, 3

] Increased | /3] [ ] Y i
] Cu activity - ] [
inside cloud [ [ ] [

130 hr
80-60-40-20 0 20 4060 6 -3 0 3 6 9 12 15 0.000.10 0.20 0.30 040050 2 4 6 8 10 12



Turbulence needs to see sub-grid ~7
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» Radiation typically sees sub-grid cloud variability in terms of “cloud fraction”
but radiative tendencies are output as grid cell volume means

» Need to maintain estimate of sub-grid radiative variability for use in
turbulence parameterization

Contours of LW radiation tendency at one level overlaid on the 3-D cloud water field



Parameterization implications Besiiaorthveest
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Parting thoughts... Pacific /ot
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» Neglecting sub-grid variability in cloud-top radiative cooling adds a
bias to the marine stratocumulus cloud system in models

B Assuming mean horizontal heating rates leads to reduced turbulence at
cloud top and ultimately to reduced stratus

B The stratocumulus-to-cumulus transition is decelerated by the variability
» Halving or doubling the mean radiative tendencies gives a
proportional response in cloud behavior similar to what is shown
» Potential solution...

B Sub-grid radiation variability needs to be passed into the turbulence
parameterization for use in determining the buoyancy generation
» Open issues for radiation-turbulence interaction...

B How small of a scale needs to be considered for radiation-turbulence
interactions to accurately simulate the Sc-to-Cu transition?

B What is the relative importance of radiation-turbulence interaction vs.
other sub-grid processes such as microphysics variability?





