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Entrainment, Mixing, and Microphysics in Trade-Wind Cumulus.

H. Gerber and G. Frick
Gerber Scientific Inc., Reston, VA

J. B. Jensen
National Center for Atmospheric Research, Boulder, CO

James G. Hudson
Desert Research Institute, Reno, NV

The vertical evolution of microphysics in trade-wind cumuli (Cu) observed from the NCAR C-130
research aircraft during one flight of the RICO (Rain in Cumulus Over the Ocean) study is analyzed.
Conditional sampling of >200 Cu traversed on this flight is used to chose Cu for which the aircraft
penetrated single and growing Cu turrets about 250-m below cloud top where maximum LW C is often
found and where radar has often observed initial stages of precipitation. The vertical evolution of the
sampled set of Cu was assumed to follow Lagrangian behavior. The entrainment rate, entrained parcel
scales, mixing mechanisms, and effects on the droplet size distribution are measured and evaluated. A
parcel model is applied over the 1100-m maximum Cu height of the traverses to determine the
relationship between the observed large number of small droplets and the fewer ultra-giant sea-salt nuclei
(UGN) in order to assess the role of these nuclei in evolving the size spectrum and in causing a growing
“drizzle tail”. New insight on these topics is obtained by using the PVM (Particle Volume Monitor) probe to
measure incloud microphysics with 10-cm resolution.

The results include the following: Entrainment causes primarily dilution of the drops without
significant size changes, thus either extreme inhomogeneous mixing or more likely homogeneous mixing
resulting from mixing with cool and humid entrained air take place. The entrained parcels are surprisingly
small following lognormal behavior and decaying rapidly upon entering the Cu, as a result super-adiabatic
drops are not evident. The entrained parcels are consistent with the Bragg-scattering “mantle echo” often
observed by radar in small Cu. The FSSP (Forward Scattering Spectrometer Probe) droplet spectra are
nearly constant with height. These “self-preserving” spectra are a result of an approximate balance
between dilution by entrainment of droplets originating at cloud base, droplet activation on entrained CCN
(cloud condensation nuclei), and detrainment and coalescence losses. Sea-salt nuclei follow Woodcock’s
wind dependence, and are shown with the parcel model to play an important role in forming the observed
drizzle that increases with cloud height. Accretion is the dominant coalescence mechanism near cloud top
in these Cu.



POST - Physics Of Stratocumulus Top

H. Gerber
Gerber Scientific Inc., Reston, VA, USA
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POST is a multi-year field and modeling study
supported by the National Science Foundation of
stratocumulus (Sc) clouds off the West Coast of
California. The 1-month field study commences in early
July 2008 and consists of aircraft deployment,
concurrent modeling, and satellite observations. The
motivation for holding another study of Sc in this
maritime area comes from our results and learning
experiences from C-130 aircraft measurements during
DYCOMS-II, an earlier study of the Sc. We concluded
that DYCOMS-II did not provide enough suitable
measurements to decipher sufficiently the nature of the
physical processes near Sc top that relate to the crucial

4 5 6 7 8 ]

AB, €c)

Comparison of entrainment velocity (w,) into Sc from four

10 entrainment phenomena. We found an inability to
measure entrainment adequately given a factor of 3-4
difference in the aircraft measurements, which must be

independent measurements on the NCAR C-130 during improved for model validation; see the figure. Further,
DYCOMS-Il as a function of the buoyancy jump (Dq) atcloud we found that most of the entrainment flux near cloudtop
top. The solid data are for conditional sampling of “cloud holes” appeared to be related to scales smaller than the ~20-m

(Gerber et al., 2005; JAS), and the hollow data are for the flux-
jump method using “DMS”, total “water”, and “ozone” scalars

separation between the C-130 nose gust probe and the

(Faloona et al., 2005; JAS). The vertical lines through each Other probes on the wings, thus casting doubt on our

data are +1/-1 standard deviation.

earlier measurements. We found further evidence of the
narrow transition layer existing between cloud top and

free atmosphere, the role of which is still unclear. Also sketchy evidence was found that the entrainment
appears to be isothermal and that CTEI plays a minimal role; see the conceptual sketch of Sc in the 2™ figure.

POST isasmallfocused study with primary goals of better understanding the dynamics and structure
associated with the Sc top processes (thus differing somewhatfrom VOCALS), and of modeling the processes
over arange covering the observed scales. Improvements will be sought including measuring/modeling the
entrainment velocity, and understanding the role of shear, the role of the interface layer, the vertical motion
of the interface, the importance of CTEI, and the relationship between bulk forcing and the details of the

interface behavior.

From the observational side high-rate
microphysical and thermodynamic
measurements (fast PVM; fast UFT
temperature, fast Lyman-alpha) will be made
within about 1-m of the gust probe on a Twin
Otter aircraft, which will be used primarily in a
porpoising mode about cloud top, butalso used
for profiling and horizontal flight for surface flux
estimates. The Twin Otter will also carry
radiometers, and a variety of microphysical
probes.

The study will model a wide range of
scales associated with the physical processes.
The LEM (linear-eddy model) will be used to
look at the finest scales associated with droplet
size changes. New fine-scale LES (large-eddy
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Conceptual sketch of Sc cloud top and the entrainment processes.
EIL is the entrainment interface layer.



simulation) will applied with grid resolution comparable to the several-meters scales expected for the entrained
parcelsize. A mesoscale model (COAMPS) will deal with the larger-scale behavior of the Sc and the boundary
layer. Parameterizations of the entrainment velocity will be evaluated and improved. The preceding will utilize
the aircraft as well as satellite measurements for comparison.

Present POST participants on the observational side are from U.of Warsaw, U. of California Irvine,
U. Of California Santa Cruz, NCAR/RAF, NPGS, NRL, DRI., and GSI; and those on the modeling side are
from U.of Utah, Colorado State U., NRL, and NCAR/MMM.



Short Term forecasts along the GCCS Pacific Crossection: Evaluating new
Parameterizations in the Community Atmospheric Modé

CZcile Hannay, David L Williamson, Jerry G Olson, Richard Nealerem@ettelman, Hugh
Morrison, Sungsu Park and ChristopheBrgtherton.

We use shorterm forecasts along the cressction to evaluate new parameterizations in the
Community Atmospheric Model (CAMApplying GCMs in shorterm forecasts can be

extremely valuable in case studies like the Pacific esestion beaase it minimizes the

interaction of large notinear systematic model errors that grow over time, and because forecasts
can be evaluated over limited observation periods. The principie fdrecastmode technique

is that if the model is initialized rdatically, the systematic errors of shoainge runs are
predominantly due to parameterization errors. That is because thedatgecirculation is

strongly controlled by the initial conditions and stays closhe observed state in these short
forecass. Therefore, it is possible to gain insight into the pa&tenization deficiencies and to
diagnose the processes behind the drift away from reality.

The forecasts are initialized from ECMWF analyses amd@AM is run for 5 days to
determine the differnces with satellite data and analysEse mean forecast biases grow very
quickly in CAM, and after 5 days, the error pattéswery similar to the mean climate error
along the crossection. Around the ITCZ, most of the temperature aroisture errorsdwve
developed after a single day. The error is due to apssiee drying of the lower troposphere
and the rainout of the moisture by the deep convadaheme. Over the stratocumulus
region, the error grows more slowly and it takes 5 lolefpre the meaforecast error reaches
the amplitude of the mean climate error. In this regiBAM shows a systematic collapse of
the PBL compared to the ECMWF analyses.

We usethis testbed to assess candidate parameterizations for the nexdtigenmodel, CAM4.
If a new scheme is able to achieve a better match between parameterized \ethties
observations and if it also reduces the systematic forecasts errersethscheme can be
considered as an improvemeWe evaluate candidate parameterizationdesfpconvection,
shallow convection, PBL and microphysics CAMA4.

We also assess the sensitivity to the initial data. High tyuatialyses are necessary to initialize
the forecasts. While analyzes are know to be very accurate in obsemietioegions €.g in the
United States), they can reflect the Oatmospheric model preferred state Gnithafieasr
observations (as it is the case for the csmsion) and show larger discrepancies between
different analyses. We evaluate the uncertainty of oualiziation by comparing forecasts
initialized with several state of the art analyses: the ECWMF opegdtanalyses, an ECWMF
experimental analysis (e10) that includes AIRS data, and the JRARBlyFive also assess the
impact of the horizontal resolot on the forecasts.
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