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Motivation

1. Satellite images often show that there are cloud organizational
features in stratocumulus with scales from a few kilometers to
tens of kilometers (Wood and Hartmann, 2006), which are
equivalent to or larger than typical domain size of LESs.

If it is reliable to use results from small-domain LESs without
considering cloud mesoscale organizations to understand and
parameterize physical processes in stratocumulus?

2. Drizzle is a common phenomenon associated with
stratocumulus, and can have a significant impact on cloud
development and cloud radiative properties.

Can drizzle substasntially affect cloud mesoscale organizations
and vice versa?
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Stratocumulus Case 1

(a) MMCR reflectivity (dBZ)
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(a) MWR observed liquid water path (mm) at different facilities at SGP site
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Stratocumulus Case 2

(a) WACR reflectivity (shades, dBZ), Cloud based (+), Cloud top (red, green line), and LCL (black line)
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Multiple-Scale WRF Simulation

(€) Surface dynamic and thermodynamic fields at 12:15 LST
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(a) ARSCL observed and WRF Simulated (D5) cloud base and cloud top
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(c) CMBE best estimate cloud fraction and WRF simulated (D5) low cloud fraction
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Case 2
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{(a) Cloud boundaries from WRF (D5) and cloud obsarvations
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(a) In-cloud vertical velocity variance (13-18 L3S T)

(b) In-cloud vertical velocity skewness (13-18 LST)
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Liquid water path {mm)
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Cloud Mesoscale
Organization

(a) 03:00LST

(a) MWR observed liquid water path {(mm) at different facilities at SGP site

B5-cast

BE-south

o Bd-west

Distance (km)

Height (km)

(a) 03:00LST

-50 -40 -30 -20

047

-0 0 10 20
Distance (km)

(b) 03:00 LST

-50 -40 -30 -20

10 0 10 20 30
Nistance (kml




Height (km)

Height (km)

o
@

Wy’ = Gup[W' V' kiso + oanlW ¥ Juco + -

Small-scale turbulence  Coherent structure

total (a.1)

arganized

upd downdrafts

small-scale
turbulence

Resolved fields averaged over 03:30-4:30 LST

| (a.éll)

1 0.4} 1 0.4f 1 0.4}

0.05 0.1 015 -5 5 10 -10 10 20 30 0.45 0.5 0.55
4 _ .
wf (1 f5°) Buoyancy Prod* 1% (m%s”) Shear Prod.* 19" (m“/s%) Updraft fraction (%)

Resolved fields averag

1 047

1 0.4y 1 047

0.4 -0.

I
I
I
I
I 1
I I
I I
I I
I I
I I
| . . | . . .
05 0 005 0.1 015 -5 0 5 -1 1 0.35 0.4 0.45 0.5 055
wf (nf j5°) Buoyancy Prod 10" Updraft fraction (%)




2D Continuous Wavelet Transform (CWT)
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2D CWT Demonstration
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WPS of TKE, 7, and w'¢g In the evening (3-5 AM)
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Effect of Precipitation
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Comparison of Turbulent Structure (nighttime)

Resolved fields averaged over 03:30-4:30 LST (With Rain)
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Comparison of Turbulent Structure (daytime)

Resolved fields averaged over 15:00-16:00 LST (With Rain)
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Rain Effect on Mesoscale Organizations (Y-direction, 30-60km)

WPS with Rain (scale: 30 - 60 km) WPS without Rain (scale: 30 - 60 km)
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Rain Effect on Mesoscale Organizations (Y-direction, 10-30 km)

WPS with Rain (scale: 10 - 30 km) WPS without Rain (scale: 10 - 30 km)
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Summary

1. Continental stratocumulus clouds are strongly modulated
by cloud mesoscale organizations. The impact of cloud
mesoscale organizations on turbulent intensity and vertical
transport is evident from the wavelet decomposition of
turbulent fields. Thus, without considering cloud mesoscale
organizations, statistics from small-domain of LES may be
severely biased.

2. Although precipitation has a limited effect on cloud
macro-properties and vertical turbulent structure, it can
have strong impact on cloud mesoscale organizations.
This interaction between drizzle and cloud mesoscale
organization is an important internal process that needs to
be considered in cloud parameterizations.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18

