
Background
The VOCALS (VAMOS Ocean Cloud Atmosphere Land Study) Regional Experiment 
took place during October and November of 2008 in the South-Eastern Pacific (SEP) 
off the Chilean coast. The SEP region is home to a large, semi-permanent area of strato-
cumulus, within which there are clear signatures of embedded mesoscale organization 
and drizzle. These signatures become more pronounced in the deeper boundary layer 
further to the West. 

Both observations and models indicate these mesoscale organizational features play an 
important role in stratocumulus cloud properties and the development of open cellular 
convection both in their contribution to cloud-radiation interactions and impact on pre-
cipitation rate and drizzle processes. As mesoscale organization and convection is the 
most common form of organization in the SEP region, understanding the modulation of 
cloud properties and structure in the stratocumulus deck by mesoscale organization is 
critical in understanding the large scale radiation and precipitation impacts. 

Here we examine individual mesoscale features (`drizzle-cells’) to better understand 
their structure and behavior. Data was collected onboard the NSF/NCAR C130 aircraft. 
Flight legs were conducted above, in and below cloud. Data from the WCR/WCL Inte-
grated Data Set, along with the C130 1Hz data files are used. 

Role of drizzle and mesoscale organization in determining cloud characteristics
Jayson Stemmler1, David Leon, Jefferson Snider and Gökhan Sever

R. Wood et al.: VOCALS operations 631

S surveys

. . . . . . . .RHB Leg 2 

IB: IMET Buoy

DB: DART Buoy

     aircraft

ship

 25

 20

 15oS

S OUTH
A MERIC A

IB

+

VOCALS-REx OPERATIONS

RHB Leg 1
Arica

85oW 80 75 70o W

1 km4 km

Paposo

Point 
Alpha

oint

 
José Olaya

            POC missions 
and

lagrangian

A N D

E
S

 C
O

R
D

IL
L

E
R

A
 

+
Iquique

Pollution 
survey 

missions

Glider 
section

20o

Process 
studies

500 km

DB

Eddy transects . . . . . . . .  Eddy survey

PACIFIC OCEAN

 30oS

+
Santiago

Fig. 2. VOCALS REx study region showing main sampling plat-
forms and mission types. The land aerosol/meteorology site at Pa-
poso, the sounding station at Iquique, and the instrumented IMET
and DART buoys are also shown.

forcing and almost continuous subsidence (Rahn and Gar-
reaud, 2010b; Toniazzo et al., 2011).
In the following sections we first discuss the research plat-

forms and the instrumentation used to make observations
during VOCALS-REx, followed by the chief mission types
and sampling strategy.

3 Platforms and instrumentation

A total of five aircraft (NSF/NCAR C-130, the DoE G-1, the
CIRPAS Twin Otter, the FAAM BAe-146, and the NERC
Dornier 228, see Table 2) two research vessels (the NOAA
R/V Ronald H. Brown, RHB, and the Peruvian IMARPE
José Olaya, see Tables 3 and 4 respectively) sampled the
lower atmosphere and upper-ocean during REx. These mo-
bile platforms were complemented by a number of ground-
based observational sites (Table 5).

3.1 Aircraft platforms

Three of the aircraft deployed in VOCALS-REx (C-130,
G-1 and Twin Otter) were operational from 14 October to
15 November 2008, with the other two aircraft (BAe-146 and
Do-228) operational from 26 October–15 November 2008.
Table 2 shows the dates over which missions were flown, and
Fig. 3 provides a graphical representation of the aircraft sam-
pling as a function of day and longitude. Tables describing
the specific aircraft missions are discussed below. The air-

craft measurements are designed to critically address several
of the VOCALS hypotheses (Table 1), particularly those re-
lated to aerosol-cloud-drizzle interactions and those involv-
ing the sources and sinks of atmospheric aerosols.

3.1.1 NSF/NCAR Lockheed C-130

The NSF/NCAR C-130Q is operated by the Research Avi-
ation Facility (RAF) at the National Center for Atmo-
spheric Research (NCAR) in the United States. During
REx the C-130 flew missions up to 9 h in duration reach-
ing 1600 km offshore, making it the longest range aircraft
used in REx. The C-130 has a large payload and car-
ries instruments and sensors in pods and pylons on both
wings. Details of the instrumentation payload on the C-
130 are given in Table 2. The aircraft is flown at an air-
speed of approximately 100m s−1 for boundary layer sam-
pling. Details of the missions flown in REx are given
in Table 6. Further information on the instrumentation
on the C-130 including data quality can be found on-
line at http://www.eol.ucar.edu/about/our-organization/raf/
data/vocals/vocals-documentation-summary.

3.1.2 FAAM BAe-146

The Facility for Airborne Atmospheric Measurements
(FAAM) BAe-146 aircraft is operated by a joint agreement
between the Met Office and the Natural Environment Re-
search Council (NERC) in the United Kingdom. The BAe-
146 served as the medium range aircraft operated in REx,
flying missions of typically 5 hours and sampling up to
900 km offshore. The BAe-146 has a large payload and
carries instruments and sensors in pods and pylons on both
wings. Details of the instrumentation payload on the BAe-
146 are given in Table 2. The aircraft is flown at an air-
speed of approximately 100m s−1 for boundary layer sam-
pling. Details of the missions flown in REx are given in
Table 7. Further information on the instrumentation on the
BAe-146 including data quality can be found online at http:
//data.cas.manchester.ac.uk/vocals/vocals-uk-summary.pdf.

3.1.3 DoE Gulfstream-1 (G-1)

The Department of Energy Gulfstream-1 (G-1) is operated by
the Research Aircraft Facility (RAF) at the Pacific Northwest
National Laboratory in the United States. The G-1 served as
a medium range aircraft in REx, with sampling out to 800 km
from the coast. The aircraft is flown at an airspeed of approx-
imately 100m s−1 for boundary layer sampling. Details of
the instrumentation payload on the G-1 are given in Table 2.
Details of the missions flown in REx are given in Table 8.
The NERC Dornier-228 is operated by the Airborne Re-

search and Survey Facility (ARSF) of the Natural Environ-
ment Research Council (NERC) in the United Kingdom. Its
main role in VOCALS-REx was remote sensing of clouds out
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Fig. 5. Cross Section mission flight plan. Up to three aircraft (BAe-146, C-130, Do 228) were used in this mission, but in a number of cases
only a single aircraft was used. In all cases, the aircraft flew from Arica to 20◦ S, 72◦W and then flew westward along the 20◦ S parallel.
The schematic shown here is for all three aircraft - the upper two panels show longitude-height diagrams while the lower panel shows a time-
longitude plot color coded with altitude range. The C-130 flew 60 km (10 min) straight and level legs near the surface (150m altitude), in the
cloud (typically 800–1300m altitude) and above cloud (300m above cloud top), interspersed with profiles up to 3000–4000m. The C-130
typically reached 85◦W. The BAe-146 flew similar outbound legs, out to 79–80◦W but then flew the return leg at high altitude releasing
dropsondes and making radiation measurements when working in concert with the C-130. When operating alone the BAe-146 repeated
the in-situ sampling on the return leg. The Do-228, when employed in this mission, flew legs at approximately 4000m altitude using the
nadir-viewing lidar and hyperspectral imagers to characterize clouds and aerosols below. There was a concerted effort for the three aircraft
to sample the same location as closely in time as possible on the return leg (see bottom panel).

For both sets of hypotheses, IMET/DART mooring obser-
vations, satellite observations, and modeling on a range of
scales are envisioned as vital complements to the in-situ ob-
servations.

4.2 Aircraft missions

The following aircraft mission strategies were used during
VOCALS-REx:
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MODIS image showing the typical structure of the SEP stratocumulus deck. Spatial variability of 
mesoscale organization in this region varies from several kilometers to hundreds of kilometers.

Schematic of the VOCALS REx study region (top left) outlining the observational strategy. 20˚S 
survey flights are detailed in the right figure (Wood 2011) with C-130 detailed diagram of the 
Wyoming Cloud Radar placement.

Analysis and Discussion
In the multi panel plots above, several properties of well behaved drizzle cells are plotted for both in-cloud and sub-cloud legs. The sub-cloud legs show evidence of lower 
level convergence feeding into the cell, while the in-cloud legs show evidence of divergent flow along the flight track. Moistening of the sub-cloud layer is somewhat evi-
dent in the traces of temperature and dewpoint. In-cloud legs show liquid water content maxima in the center of the cell, tapering off towards the cell edges. This is also 
apparent in cloud droplet number concentration. Liquid water paths in the sub-cloud legs are consistent with liquid water paths from MODIS.

The long plots below demonstrate the variable and complex nature of the SEP region. Individual, isolated cells are present along with cells embedded in stratiform cloud 
formations. The top panel is a view of a single flight leg, while the bottom panel shows an entire 20˚S flight. The panel on the left shows a blown up view of research 
flight 8 (top right, above). Color and height units are the same as above.

To better understand how these individual mesoscale features influence and modulate the SEP stratocumulus deck, future research will involve the compilation of many 
cells. Statistical methods will be used to investigate the variation of these cell properties both within and between individual cells. From this analysis, we hope to better 
understand the variability of stratocumulus cloud properties resulting from variability in embedded mesoscale features, and thus begin to understand how the SEP strato-
cumulus deck is modulated by mesoscale organization.

University of Wyoming, Department of Atmospheric Science
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Cell selection from reasearch flight 6. This flight was a ̀ POC’ 
flight, which sampled pockets of open cellular convection. 
This cell was located at 18.14˚S, 79.95˚W. 

Cell selection from research flight 8. This cell was located 
at 22.33˚S, 80.06˚W. This cell is more stratiform than the 
POC cell.

Cell selection from research flight 7. This cell was located at 
23.34˚S, 80.09˚W and was sampled from a deep layer of 
stratocumulus clouds.

Cell selection from research flight 11. This cell was located 
at 29.79˚S, 75.00˚W. This cell was sampled closer to the 
coast than the left cell and was shallower and less active.
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