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» Suppressed environments favor low clouds
— Significant (but not overwhelming) subsidence
— Adequate BL water vapor
— Source of BL TKE
— Saturation beneath the inversion
— Shallow clouds dominate regardless the time of
day
* Cloud Systems
— Eastern Ocean Stratocumulus
— Northern ocean and Arctic Stratus
— Wintertime continental stratocumulus
— Continental Forced Cumulus



MARINE STRATOCUMULUS



Stratocumulus cloud cover [annual mean] Insufficient data
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Subtropical stratocumulus 4 September 2009 at 20:45 UTC
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Thermodynamic Profiles in Stratocumulus Clouds
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Stratocumulus topped well-mixed BL
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Fundamental Relationships
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Assume extinction
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3 L /How much total liquid in the cloud?
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Effective Radius

--Mean radius for scattering
Kim et al. 2003



CLOUD OPTICAL DEPTH VS. LIQUID WATER PATH

North Central Oklahoma, 2000
100

 Optical Depth as measured by
MFRSR

* LWP Measured by Microwave
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Optical depth is highly correlated with and strongly dependent on liquid
water path.

Tight cluster of points about a diagonal line through the origin is
indicative of constant effective radius over the day.

Slope is inversely proportional to effective radius.

F, fraction of variance accounted for by regression = 96 %.



Science Questions

* What are the relationships between
optical depth, effective radius and
liquid water path under different cloud
regimes?

— Different cloud types
— Different stages of cloud life cycle
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Ship-based data sets from SE Pacific
(VOCALS-Rex 2008)

* Radars
— Scanning C-band =——

— Vertically- pointing cloud
radar *

» Scanning Doppler Lidar
» Soundings

* Microwave radiometer
e Satellite imagery NOAA ship Ronald H. Brown

It's like MAGIC!

Courtesy of Sandra Yuter
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Presentation Notes
Scanning C-band radar	1 PPI and 4 RHI scans every 5 min.
Emphasize: (1) not well sampled region (2) most comprehensive C-band data set in Sc to date
CBAND 5 CM  EUROPEANS USE 5 CM AS WEATHER RADAR :: NEXRAD IS 10 CM
Both the Ron Brown and the buoy measured such parameters as T, q, U, downwelling LW rad & SST
The ship was also equipped with a scanning C-band radar.
ETL provided a ceilometer for measuring cloud base and a vertically-pointing mm-cloud-radar.
We also have GOES satellite images, like the one you just saw.
 



Wl . . h il o
%, L i o 5.0
Lot ok . k, ¥ . | '.- ll' . \ ! ]

e ot T AERRRL P, A g
v 'i o S e e R e | £l B! "
3 5 i . a0
4l e L I B

t ,Co_u}zsfy "'“’t Sandra Yuter

-18.0




A

Typical open cells with
infermediate drizzle

23 Oct 2008, 12 UTC

3op T

Max 27 dBZ

2 km

Courtesy of
Sandra Yuter
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Presentation Notes
Note little to no wind shear in BL


Automated Cell Tracking
(3 min data)

Cells connected to tracks based on
proximity and number of pixels of overlap
with projected position

Projected position based on track's
established direction and speed

Courtesy of
Sandra Yuter
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Presentation Notes
In lieu of previously established direction (for start of track) use proposed (supplied) or mean direction and speed (after have a few tracks).  Projected position is a 2d weighted normal distribution.


"Cell" = contiguous group of pixels > 6 dBZ and > 0.5 km? (8 pixels, each 0.25 km x 0.25 km)
Cell's centroid and area are calculated

Reflectivity — Filtered/Enhanced — Cells Identified
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45 min track— cell intensity increases then decreases
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2.5

Cell’s Max dBZ change per scan

Tracks > 30 Minutes

Three frame moving average - zero-phase filter

Drizzle cell increasing in intensity

Slowly decreasing

Drizzle cell decreasing in intensity
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Science Questions

« How does drizzle influences the cloud
field and affects the life-cycle of
stratocumulus clouds?

« How does drizzle influences the
formation of open/closed cells?
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Presentation Notes
New site and scanning radar


Xiguan’s Talk:
Focus on statistics of Azores/SGP Clouds



FAIR WEATHER CUMULUS



Cumulus foppe

s ,( J: L 49,02
l warm. dry. subsiding free-troposphere 1,_; radiative driving
—= —— — 41 taveraged over cloud)
2310 - == = = ] .
—i | N .
o B — . i
""-* — — = 7
- —— 1] ‘L-I'
3 =
< entrainment cumulus mass flux — —
-4 = i, — A
ok P — T coiiniwe =4
: 1 surface heat and moisture fluxes —=

3071

311.9

09 29

13.65 0 sea surface

Stevens, 2006



RUTGERS

Marine Trade Cumulus
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General conditions associated with a fair weather boundary layer
Ghate et al., 2011



Forced Cumulus Clouds




orced Cumulus Clouds

exists only while there is
forcing from the ML thermal nvers
nversion Base

lifespan of several minutes .
as long as updraft is " by
sustained ' |
air entering cloud base is
quickly deflected back into
ML by inversion

ho venting of ML air into
free atmosphere above
— vapor and pollutants trapped

thin clouds with -diameters
roughly equal ML depth

Parent ML Thermal



Reach Convective Temperature (T=T,)
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Science Hee!s

« Routine observations of forced clouds
at the ARM sites.

« Observations of associated liquid water
path and radiation.
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easurement of LWC
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Fic. 3. Adrcraft profile through stratocumulus on 12 Jun 1992 of the (a) spectral density of liquid water content vs diameter; (b)

simulated attenuated and unattenuated lidar backscatier coefficient; (c) simulated reflectivity factor at 35 and 94 GHz; and (d)
simulated DWR, both for the individual components and the total.

Hogan
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Hogan paper
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F1G. 13. Schematic of the entrainment interfacial layer (EIL) atop
a layer of marine stratocumulus.

Stevens 1999
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Science Hee!s

* More frequent measurements/retrievals
of temperature and humidity in both
clear and cloudy conditions.
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MWRP Thermodynamic Pro
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Figure 5. Pre-storm (0500 UTC) and post-storm (1300 UTCY) thermodynamic environments
on June 9, 2006 described in terms of (&) eguivalent potential temperature (red lines)
and saturation equivalent potential temperature (green lines); (b) potential temperature;
and (o) water wapor mixing ratio from the Merged Sounding VAP (zolid lines), as in
Kollias et al. (2009), and from the MWEP (dashed lines).
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