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1. INTRODUCTION

In order to better understand the role of precipitation
in cloud dynamics we will discuss a flight with heavy :
drizzle as observed during the dynamics and chemistr)f o == = L
of marine stratocumulus (DYCOMS-II) field study. This : S —
field study took place in July 2001 off the coast of Cali- 45 : E =
fornia and mainly consisted of flights in nocturnal marine : = -
stratocumulus. The flight plan consisted of circles with a S = :

perimeter of roughly 180 km. Within the PBL, legs were 268.7 207.55303.05 2gram a2 o om  om
flown at four different heights; at cloud top, just above o [ a feke] o leke

cloud base, just below cloud base in the subcloud Iayehgure 1: Mean thermodynamical state as observed dur-

(SC) and near the surface (SF). In addition, three remot . . : )
sensing legs (RL) were flown above the PBL. In a pre_ﬁwg RFO02. From left to right liquid water potential tem

) " perature©,, total waterg; and liquid watery,. Red dots
vious study (vanZanten et al., 2004) we showed that II-Fepresent averages over 30 m height intervals based on

genergltdtcjjrlngtrl]DYcolll\/IS-ll h;gf:erdrllzzletrr]atte.s Ct?]u“?clpiall flight data, black lines denote inner quartiles and
associated with smaller spatial scales, that 1S the 1lig rey lines outer quartiles. Thermodynamical cloud base

averaged precipitation rate was mainly determined b eight and inversion height are specified on the vertical

heawly dnzzl'mg shafts. Those'observatlions are Consisy i« \where average leg heights are also marked@For
tent with the idea that heavy drizzle can induce a transi

o ‘andg,; the numbers on the horizontal axis represent mean
tion in cloud structure (Stevens et al., 1998). PBL value, inversion height value and maximum value

Serendipitously a change in cloud structure wasabove the PBL, while fog; maximum liquid water and
probed during the second flight of DYCOMS-II. Visual adiabatic liquid water content at cloud top are noted.
inspection of the reflectivity data as measured by the

Wyoming cloud radar data reveal that the areas of

depleted cloud regions are surrounded by 'walls’ ofFigure 1. The profiles show a well mixed PBL with devi-

heavy precipitation. We named those areas, resemblingtions from the well-mixedness being more pronounced

open cellular convection, pockets of open cells or POCdor total water than for liquid water potential tempera-
for short. Here we will describe the mean state of RFO2ture. The amount of liquid water is roughly half the value
and discuss preliminary results of characteristics ofof the adiabatic liquid water content.

POCs, after defining them first. Surface fluxes of latent heat and sensible heat were
estimated in two ways. With help of the TOGA-COARE
bulk flux algorithm (Fairall et al. (1996), version 2.5b)

2. MEAN STATE the sensible heat flux was computed as#46 Wm2
and the latent heat flux as 9312 Wm2. For this we as-

The mean state of RF02 is summarized by the numbers isumed the mean state as specified in Table 1 to be valid at

Table 1 while thermodynamical profiles can be found ina height of 50 m. Eddy correlation estimates were com-
puted for the SF leg, after removing fluctuations on the
scale of 15 km and larger. Extrapolation of the flux val-

By , ues down to the sea surface was not feasible due to non
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[m] 800+ 50 see

288.97
ST K] 292.0+ 0.5 < 288.47 AN M—

=z

o, K] 288.7+0.4 = semon VAN =
T [gkg™'] 9.3+£0.3
u [ms™!'] 45414
v [ms™!] -57+1.0 —
B T AANAAN AN 2 A
. N e ] WV v ~ A" WV\/\/\/\/\/V \ =
Table 1: Best estimate of mean state, see text for defini- & *™
tions SF1
— 288.76
for the latent heat serve as the next best estimate. o peses -

287.76
The radiative forcing across cloud top and across
the PBL is determined by combining a radiative trans-

—

fer model and measured longwave radiative (LW) fluxes. 5 985 _
Similarly to RF0O1 (Stevens et al., 2003) offsets of 17 %ﬁ 9.35 Z
W m~2 and 14 W n12 are added to the downward and —, #%°
upward LW flux values. The radiative transfer code is 7

forced by the observed state of the atmosphere. For the ° ] 160

PBL and the lowest part of the free troposphere (FT) the

mean state as presented in Figure 1 is taken (albeit piecggyre 2: Potential temperatueand water vapog, for

wise linearized) while for the FT above a constant lapsgne second SC leg and the SF leg. POC areas are denoted
rate was used for the potential temperature and a constapy, 4 thick red line while stratiform regions are given by a
value for the total water (both based on the San Dieg@nin plack line, the presence of drizzle drops is shown in
sounding). Cloud liquid water was defined as half thep e, The horizontal line is the leg averaged value while
adiabatic value. The control run had a similar acceptablene short colored lines on the right denoted the averages

agreement between model output and data as is showgyer the POC area (red), the stratiform area (black) and
for RFO1 in Stevens et al. (2003). The LW radiative flux {he grizzle region within the POC area (blue).

divergence across cloud top is estimated to bet7B
W m~2, which is offset by a cloud base warming of 20
W m~2 making the total LW radiative flux divergence areas with low-pass filtered Tvalues less than 1.5 K
across the PBL 5& 5 W m~>. Shortwave fluxes were are determined to be POCs while higher values denote
zero because RF02 was a nocturnal flight. the more stratiform region. While the choices in the fil-
tering and the choice of the 1.5 K limit are somewhat
arbitrary the sensitivity to the exact choice is small.

The sequence of satellite images clearly reveals that
In order to be able to compare POCs with more stratiformthe POCs advected into the measurement area (although
cloud areas we have to specify the POC region for eactemporal development also took place) during the flight;
leg. We have based our definition &7z, the difference  this explains why the POCs where less pronounced in the
in brightness temperature of 11 andgu#h as measured beginning of the flight. When the amount of precipitation
by the GOES-10 satellité\Tzacts as a proxy for the ef- encountered was signifcant the correlation between the
fective radius while the effective radius is an indication defined POC regions and drizzle was high. Heavy driz-
whether it drizzles or not. vanZanten et al. (2004) havezle rates of 1 mm d! and higher were estimated (based
shownATpgvalues less than 2 K to be positively associ- on radar data, valid at a height of 70 m, vanZanten et al.
ated with areas with heavy drizzle, while Stevens et al(2004)) in the POCs while the amount of drizzle was in-
(2004) show that\Tzcan be used to label POC regions. significant or even zero in the stratiform region at the
A satellite based criterion can be applied to both PBL andsame time; this is illustrated in Figure 2 for the second
above PBL legs, contrary to an airborne data based criteSC and only SF leg. However, the main point shown in
rion which doesn’t work for either the SF leg (radar data) Figure 2 is the fact that the subcloud layer in the POCs
or the RL legs (drizzle drop data). Another advantage isare colder and moister than the stratiform areas due to
its suitability for tagging POCs from space. A disadvan-the evaporation of drizzle. Note that the SF1 leg (flown
tage is the necessary advection of the flight track in ordethree hours later) as a whole is colder and moister than
to match with the nearest satellite overpass. This advedhe SC2 leg. Secondly, besides being colder and moister
tion is done by determining the mean vector wind and itsat the size of the POC area (most visible in the SC2 leg)
time variation based on all PBL leg data of RF02. Next,the ® andq, data are also anticorrelated on a scale of the
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order of ten kilometers (most clearly seen in the SF1 leg),
similar to what has been found by Paluch and Lenschow
(1991).

Assuming leg averaged vertical velocity to be zero,
the POCs are associated with updraft motion while the
stratiform regions are linked to downward motion; av-
eraging over drizzling areas only the ascending motion
becomes even more pronounced. This points in the di-
rection of a more cumulus like type of convection. Verti-
cal velocity variance shows a decrease in the POCs com-
pared to the stratiform region which is most pronounced
for the SC legs. Horizontal velocity variances show a
similar decrease so the turbulent kinetic energy is less
as a consequence as well. Both findings are consistent
with Large Eddy Simulations reported in Stevens et al.
(1998).
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