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1. INTRODUCTION

In this abstract preliminary data will be presented
on the role of drizzle in the total water budget of
nocturnal stratocumulus during DYCOMS-II (Dy-
namics and Chemistry of Marine Stratocumulus).
The DYCOMS-II campaign took place in July 2001
off the coast of California in uniform stratocumulus
fields (Stevens et al., 2002). During nine flights an
extensive data set of, among others, microphysical
variables was collected with the C-130 of NCAR.
Besides in-situ instruments such as the SPP-100,
A260X and the 2DC, which measured the droplet
spectrum from 2 ym up to 1500 pym, the Wyoming
Cloud Radar (WCR) was also mounted on the air-
craft (Vali et al., 1998). The reflectivity Z, as ob-
tained by the WCR, can be translated into a rain-
rate R with a suitable Z-R relationship. Such a Z-R
relationship is usually constructed with the aid of in-
situ probes. In this way the combined use of both
in-situ probes and radar extends the range in time
and space over which an estimate of R can be given
beyond the limited range of the in-situ probes only.

The six flights discussed here are all the night-
time entrainment flights of DYCOMS-II: starting
just before local midnight and ending with a so-
called lidar leg flown above the top of the bound-
ary layer shortly after sunrise. The flight pattern
consisted of 30 minute long circles with a diame-
ter of roughly 60 km, flown both in a clockwise and
counter-clockwise direction at several heights in and
just above the boundary layer. This flight pattern
was chosen to facilitate estimation of the divergence
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of the windfield, see paper P1.20 for information.
The cloud cover was solid on all flights except one;
for rf02 the lidar derived cloud cover was slightly
lower i.e., 97%. Surprisingly, despite a homogeneous
looking cloud deck quite a range of drizzle rates was
encountered amongst the flights. Thus the role of
drizzle in the total water budget of these noctur-
nal clouds also varies considerably. This makes the
DYCOMS-II data set an interesting one for a study
on this topic, because it might shed light on impor-
tant questions regarding the role of precipitation in
the climatology of stratocumulus and its relation to
ambient aerosol and liquid water path.

2. DRIZZLE DATA

Most stratocumulus during the DYCOMS-II flights
can be characterized as being situated in a marine
airmass. Only flight rf03 shows influences of con-
tinental air as can be seen from the average drop
concentration N which is considerably higher than
for the other flights (Table 1). The values for R in
the table show that there is quite a span of drizzle
values, ranging from no drizzle to heavy drizzle. In
four of the six cases drizzle reached the surface. Also
within each flight large variability exists, which is il-
lustrated with the values in the last two columns.
Half of the total amount of R is falling in 20% or
even less of the area and the difference between the
mean R and the maximum found over a 500 m seg-
ment are a factor ten or higher.

The importance of drizzle in the total water bud-
get is illustrated in Fig. 1. Depletion times are plot-
ted as function of the liquid water path (LW P) and
R with the values for LW P and R included for the
six flights. The figure shows that for rf02, rf04 and
rf07 (based on the radar data) the drizzle flux is an
important factor in the total water budget. The val-



fight N R A Roves
ecm™? mmday ! % mmday!
rf0l 125 0.06 81.5 04
rf02 46 0.60 95.0 104
rf03 206 0.30 89.1 3.7
rf04 81 0.62 86.3 8.1
rf05 151 0.01 98.0 0.1
rf07 90 1.67 86.1 18.1

Table 1: Overview of some drizzle characteristics
of the six flights calculated from the in-situ probes.
The droplet number concentration N is an average
for the total cloud depth, the average rainrate R
(and the numbers in the related columns) is given
for the cloud base leg. A is the percentage of the
area in which half of the total amount of R is falling
and R,,q, is the maximum value of R calculated
for 500 m segments. The SPP-100 malfunctioned
during rf05 so N is obtained from the FFSSP and R
is based on the A260X only.

ues of R4, in the last column of Table 1 and the
upper 10% values of the rainrate based on the radar
data show that locally the role of drizzle maybe even
more pronounced.

Striking in the figure are the differences, some-
times as high as a factor ten, in the R based on the
radar and the in-situ probes. Besides being due to
an inherent time (and space) disparity between the
two ways of obtaining R, this can be also partly ex-
plained by the fact that the R from the in-situ probes
is calculated from the SPP-100 and A260X only, thus
neglecting the contribution of the very large drops
with a diameter > 650 um. Further the rainrate
based on the radar is not yet calculated with Z-R
relationships constructed specifically for DYCOMS-
IT. Both topics are currently being investigated.

Finally, note that the times in Fig. 1 are only
valid for the theoretical case that no replenishment
of total water takes places through turbulent fluxes
or large scale advection. As such it also shows in-
directly how much in-flow of total water is needed
when a cloud is known to exist beyond the time pe-
riod given in the plot.

3. FUTURE RESEARCH

In this abstract we have tried to show that the
DYCOMS-II dataset is suitable for a study of the
role of drizzle in the total water budget of nocturnal
stratocumulus due to the availability of both radar
and in-situ data and the variability in the drizzle
rates of the various flights. We are planning to calcu-
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Figure 1: Depletion times of cloud as a function of
the liquid water path (LW P) and the rainrate R.
LW P and R values, based both on the radar (mean
values given by filled circles and upper 10% values
for 1 km segments by open circles) and the in-situ
probes (mean value given by asterisks), are added for
each flight. The rainrate of the radar is calculated at
cloud base height from the lidar leg with Z = 4R'-37.
Note that rf05 is not included in the figure due to
the negligible amount of drizzle.

late the drizzle rates based on the 2DC as well, tak-
ing into account the tail of the droplet spectrum as
far as it is statistically significant. Z-R relationships
will be constructed for each flight in order to derive
rainrates from the radar which are more tailor-made
than the ones used here. Finally, fluxes will be cal-
culated for liquid water and water vapor in order
to compute the total water budget of each flight.
During this analysis special attention will be paid
to how to take into account the variability in the
drizzle data.
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