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Aerosol studies in BOMEX
The BOMEX studies eventually brought African dust to the attention of the radiation, me-
teorological, and climate communities. However, at the time of BOMEX, the importance of 
aerosols was little appreciated. Even so, it is surprising how little effort went into aerosols in 
BOMEX although there were extensive radiation measurements.

Fleagle (1972), in a paper that summarizes the results from BOMEX, does not include any 
mention of the words “radiation,” “dust,” “haze,” or “particle” even though dense hazes were 
present on many days and the aircraft returned from flights with a dense deposit of dust on the 
leading edge of wings and propellers. Similarly, none of these words appear in a final techni-
cal report on BOMEX results (Holland 1972). Fleagle does mention “aerosol” in the context of 
lidar aircraft measurements. Although not cited, this apparently refers to the work of Uthe and 
Johnson (1971), a technical report on observations made from a U.S. Air Force WC-130B. Davis 
(1971), in a lidar study of cirrus clouds, reports incidentally on the presence of dense haze lay-
ers on some occasions and specifically mentions dust and the distinctive lidar response to the 
dust, but the African source is never mentioned. Drummond and Robinson (1974) mention the 
word “particles,” but the words “aerosol” and “haze” are only used in a citation. Only one paper 
(Reynolds et al. 1973) specifically considers the possible impact of African dust in atmospheric ab-
sorption in BOMEX, and they use the Prospero and Carlson observations in their interpretation.

Not only was there little mention of aerosol-related phenomena but also, to our knowledge, 
there was no mention of the unusual meteorological properties of the SAL—the existence of 
the layer and its hot, dry character and the suppressive effect on convection. No reference 
is made to this in the initial review documents cited above. Garstang et al. (1970) review ob-
servations of interacting scales of motion in the ocean–atmosphere system in BOMEX; they 
discuss the varying degree of convective cloud activity, but they do not link this variability 
to any specific meteorological situations. And yet, 10 years earlier, these same properties 
were so unusual that they attracted the attention of Zuloaga, a geologist, in his Cessna flights 
over the Caribbean. Indeed, even though the unique signature of the SAL is clearly evident 
in sonde profiles, there was no systematic examination of these anomalous profiles and their 
meteorological implications until thirty years later with the work of Dunion and Veldon (2004), 
who examined the impact of the SAL on Atlantic tropical cyclone activity.

Nonetheless, the participation of Carlson and Prospero in BOMEX was critical to developing 
our initial understanding of African dust transport and its possible significance.

The impact of African aerosol transport on air quality
There has been growing interest in mineral dust because of concerns about health impacts 
(Querol et al. 2019; Zhang et al. 2016). Measurements in the Caribbean Basin (Prospero et al. 
2014, 2020) show that, because of dust, large areas of the region often exceed the WHO 24-h 
guideline for PM10 (particles less than 10 μm aerodynamic diameter), 50 µg m–3. The WMO 
SADS-WAS Americas node was situated on Barbados to address this issue: https://sds-was.aemet 
.es/forecast-products/dust-forecasts/ensemble-forecast. Also, asthma is endemic throughout the 
Caribbean, and there is interest in the role that dust might play. Studies of this relationship 
are limited, and the results are often inconclusive or contradictory because of the many con-
founding environmental factors usually associated with exposure to dust events (Zhang et al. 
2016). A small study of the relationship between dust and the daily admittances of pediatric 
asthma patients on Barbados does not show any strong relationship (Prospero et al. 2008). 
Other studies in the Caribbean Basin suggest a weak relationship, but none of these studies 
specifically measured dust concentrations.

The importance of these studies was highlighted by the massive dust clouds that emerged 
from Africa in mid-late June 2020 (www.washingtonpost.com/weather/2020/06/22/record-plume 
-sahara-desert-dust-reducing-visibility-puerto-rico-aimed-southeast-us/).

https://sds-was.aemet.es/forecast-products/dust-forecasts/ensemble-forecast
https://sds-was.aemet.es/forecast-products/dust-forecasts/ensemble-forecast
http://www.washingtonpost.com/weather/2020/06/22/record-plume-sahara-desert-dust-reducing-visibility-puerto-rico-aimed-southeast-us/
http://www.washingtonpost.com/weather/2020/06/22/record-plume-sahara-desert-dust-reducing-visibility-puerto-rico-aimed-southeast-us/
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This event was so unusual that it is now referred to as the “Godzilla” event (Pu and Jin 2021). 
The passage of the cloud over the Windward Islands on 21–30 June (see Fig. ES12) yielded PM10 
concentrations ranging from several hundred to 500 µg m–3, among the highest concentrations 
ever measured on these islands. Aerosol optical depths measured at NASA AERONET sites 
(e.g., Puerto Rico, Guadeloupe, Barbados) (https://aeronet.gsfc.nasa.gov/new_web/index.html) were 
in the range 1.5–2.0 (500 nm) over two days, among the highest ever recorded in this region; 
the Angstrom exponent was near zero as expected for dust aerosols because of their particle 
size distribution, which has relatively high concentrations of large particles. The dusty air 
mass subsequently traveled across the Caribbean, north to the Gulf of Mexico, and then into 
Texas and Louisiana. The cloud was then caught up in the westerlies and transported over 
the southern states, crossing the coasts of Georgia and northern Florida on 26–27 June. Air 
quality stations in northern Florida concurrently measured sharply increased PM10 concen-
trations, some as high as 100 µg m–3. By that time, after 14–15 days, the air mass had traveled 
over a path of 12,000 km from the coast of Africa. At this writing, we do not know the factors 
responsible for this event. Such studies will be useful in anticipating what we might expect 
with changing climate in Africa.

Although the focus of this paper has been on dust studies on Barbados, a broad range of 
other species is measured including viable (cultivable) bacteria and fungi (Prospero et al. 
2005) whose concentrations were shown to increase during dust events. Biological materials 
have received surprisingly little systematic attention. As previously noted, the most spec-
tacular example of the long-range transport of viable organisms is the huge influx of African 
locusts in October 1988. Clearly, the factors that affect the transport of African dust may well 
be relevant to these phenomena as well.

Ancillary programs on Barbados deriving from University of Miami research at Ragged 
Point
Since the inception of the dust studies on Barbados in the 1960s, atmospheric research activi-
ties on Barbados have increased greatly. In many cases, the activities at Ragged Point have 
served as a nucleus for these efforts.

In 1978, the Advanced Global Atmospheric Gases Experiment (AGAGE) established a 
research laboratory at Ragged Point, immediately adjacent to the BACO tower (Archibald 
et al. 2015), which it uses for its sampling. AGAGE makes continuous measurements of the 
important gaseous species in the Montreal Protocol [e.g., chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs)] and the significant non-CO2 gases in the Kyoto Protocol 
[e.g., hydrofluorocarbons (HFCs), methane, and nitrous oxide; http://agage.mit.edu/stations 
/ragged-point].

In 2010, the Max Planck Institut für Meteorologie, Hamburg, Germany, established the 
Barbados Cloud Observatory (BCO) at Deebles Point (13.16271°N, 59.428717°W), located on a 
promontory 500 m south of the BACO site at Ragged Point (Stevens et al. 2016; https://barbados 
.mpimet.mpg.de/).

The primary objective of BCO is to study shallow trade wind cumulus, the predominant 
cloud type over large areas of Earth, so as to elucidate how these clouds might change in 
response to global warming and to perturbations to the atmospheric aerosol, including African 
dust. The BCO continuously monitors a wide range of aerosol, radiation, and cloud proper-
ties using surface-based column measurement systems (Stevens et al. 2016). These include a 
Raman lidar instrument that continuously monitors the vertical profile of aerosols, measure-
ments that have yielded a long record of the temporal variability of the Saharan air layer (SAL).

Barbados, with this long history in atmospheric research, has become a focal point for 
many aircraft and ship-based studies of African dust in regional and transatlantic meteo-
rological settings. Notable efforts include the Saharan Aerosol Long-Range Transport and 

https://aeronet.gsfc.nasa.gov/new_web/index.html
http://agage.mit.edu/stations/ragged-point
http://agage.mit.edu/stations/ragged-point
https://barbados.mpimet.mpg.de/
https://barbados.mpimet.mpg.de/
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Aerosol–Cloud-Interaction Experiment (SALTRACE) conducted primarily in June–July 2013. 
This study included coordinated dust-related measurements at island sites and on aircraft 
and ships (Weinzierl et al. 2017; Groß et al. 2016; Haarig et al. 2017; Gasteiger et al. 2017). 
SALTRACE greatly increased our understanding of the role of the SAL in dust transport across 
the Atlantic and the relationship to meteorology and climate.

More recently, in January–February 2020, the EUREC4A field study took place with Barbados 
as the center of operations (Bony et al. 2017). This is an international initiative in support of 
the World Climate Research Programme’s Grand Science Challenge on Clouds, Circulation 
and Climate Sensitivity (EUREC4A). In some respects, this effort is a repeat of the 1969 BOMEX 
experiment but carried out with the addition of a vast array of advanced measurement systems 
and techniques. EUREC4A aims at advancing our understanding of the interplay between 
clouds, convection and circulation and their role in climate change. Aerosols play a role in 
all these processes.

Historical acknowledgments
Many people have contributed to the success of the research program on Barbados over the 
past 55 years of operations. Here we acknowledge a few of those who have played an important 
part. David Clark, a teacher at Lodge School, Barbados, and Winston Ward, University of the 
West Indies, Cave Hill, greatly assisted David Parkin in laying the groundwork for his study on 
Barbados. Judge and Mrs. G. L. Taylor, Barbados, provided free access to their land at Cole’s 
Pasture for the erection of the tower in 1965 and for allowing subsequent operations to 1971 
when the operation was moved to Ragged Point. The family of H. C. Manning and the Herbert 
C. Manning Trust (Fay Sumpter and Angela Loader, current trustees) provided us with access 
to their land at Ragged Point in 1971 and continue to do so in the present. James Jordan and 
Collin Blackman, Barbados residents, carried out the day-to-day operations at the tower at 
Coles for both the Parkin group and the UM group in the early years of the project. Cornelius 
Shea, a science teacher at the Lodge School, oversaw operations from the early 1970s to 2006. 
Since that time, Edmund Blades has managed site operations, and Peter Sealy has carried 
out the daily program at the site.

The scientific aerosol program at Ragged Point has evolved over the years, growing from that 
described in this work. Much of that effort was carried out by Dr. Hal Maring and Dr. Dennis 
Savoie, both on the faculty at the University of Miami until 2004. The physical development 
and the remote maintenance of the site over the years were primarily carried out by Tom 
Snowdon and Miguel Izaguirre, both based in the laboratory in Miami. Chemical analyses 
were primarily carried out by Ruby Nees through the 1980s and then by Lillian Custals. Marva 
Loi oversaw the administrative aspects of this and other field programs from the early 1980s 
to the present.

Our work on Barbados is facilitated by the Caribbean Institute for Meteorology and 
Hydrology (CIMH), Saint James, Barbados, Dr. David Farrell, principal. CIMH is responsible 
for providing meteorological, hydrological and climate services to a consortium of 16 member 
states in the region.

Parkin’s original work on Barbados was funded by the Department of Scientific and Indus-
trial Research (United Kingdom). The University of Miami program has been funded by various 
organizations over the years. The National Science Foundation was the major source of support 
over the 50 years. Funds were also provided by the Office of Naval Research, NASA, and DOE.

Finally, we wish to acknowledge the generous cooperation that we have received from 
various agencies of the Government of Barbados over all the years of our operations.
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Fig. ES1. Atmospheric aerosol research sites on Barbados. (center inset) The island of Barbados 
showing the general location of research sites on the east coast. (left) The tower erected by Parkin 
et al. (1967) was located at Coles Pasture (13.154710°N, 59.421748°W). The University of Miami 
Barbados Atmospheric Chemistry Observatory (BACO) is located on Ragged Point (13.165040°N, 
59.432070°W). The Max Planck Institute facility, the Barbados Cloud Observatory (MPI BCO), is on 
Deebles Point (13.162717°W; 59.428717°N) (Stevens et al. 2016). (right) Ragged Point. The University 
of Miami BACO site is seen as the cluster of structures at the northeast end of the promontory. 
Images: Google Earth.

Fig. ES2. Details of the Parkin et al. (1967) tower at Coles Pasture, Saint Philip, Barbados 
(13.154710°N, 59.421748°W). (left) The tower under construction, viewed from the north. The 
platform was fabricated on the ground and then hoisted into position. The image shows the 
platform at midlevel. The tower rested on the face of a cliff that sheered away in 1979 taking the 
tower into the ocean. (center) The completed tower is seen in the distance. In the foreground, 
stand the technicians who operated the site in the early years, Colin Blackman (left) and James 
Jordan. (right) Tony Delany and Claire Delany, early in the construction phase. Power company 
utility poles were used for the legs.
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Fig. ES3. Deployment of monofilament mesh panels on the tower platform. (left) A technician 
wearing clean gear is shown changing a mesh collector panel mounted on the railing (top right) 
Meshes were mounted on a rig that self-oriented to face into the wind. The sampling volume was 
based on an anemometer that recorded the wind run during the exposure time, corrected for the 
mesh flow-through rate. Only the data from these suspended collectors were used for calculating 
air concentrations of dust. (bottom right) A 1-m-square mesh collector panel is mounted on Lucite 
rods inserted into the railing. Note the color of the mesh. Prospero holds a similar mesh folded 
to emphasize the color imparted by dust after one day of sampling.
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Fig. ES4. Monthly mean atmospheric dust concentrations, Barbados: August 1965–August 1967 
as originally published in Prospero (1968). The data consist of those presented in Delany et al. 
(1967) combined with the data obtained by Prospero after taking over the site. The concentrations 
shown here were calculated assuming a mass collection efficiency of 50%. Later, the efficiency 
was determined to be 30% (Prospero and Nees 1977, 1986). [Figure from Prospero (1968).]
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Fig. ES5. Linking dust to African sources. (left) An ESSA-5 satellite image an African dust storm crossing the coast over the 
Dakar region on 7 June 1967 (Prospero et al. 1970). This image was linked to the unusual dust event measured on Barbados 
on 12 June. The plume sources appear to lie in southern Algeria, northern Mali, and Mauritania. Later work would show 
that these are the most persistently active sources impacting summer transport to the Caribbean. (right) NOAA HYSPLIT 
back-trajectory from Barbados, 7 June 1967 (Stein et al. 2015). The 2,000-m trajectory is most representative of transport 
in the Saharan air layer. Back-trajectories in the marine boundary layer seldom reach Africa but instead hook to the central 
North Atlantic as seen here.
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Fig. ES6. NOAA HYSPLIT back-trajectories during Junge’s field study, 19 July–3 August 1954. Over the entire span of the 
study (Junge 1956), dust was only significantly seen on 31 July. Shown here is a sequence of trajectories around 31 July. 
It was only on this day that HYSPLIT trajectories tracked back to Africa and crossed into the interior. Symbols along the 
track mark 24-h intervals. Back-trajectories at 2,000 m are most representative of dust transport in the SAL.
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Fig. ES7. The Saharan air layer over Barbados, 26 June 2007. (left) A photograph taken from a commercial aircraft climbing 
out of Barbados during a major dust event on 26 June 2007. The southeast coast is visible (as greenish tints) in the lower 
right, partially obscured by the dense dust haze. Note the greatly suppressed cloud field. In the photo, the aircraft is climb-
ing into the SAL but is not fully in the layer. Shortly after this photo was taken, the plane emerged from the SAL and the 
top appeared as an infinitely flat surface. (top right) Profile obtained by a rawinsonde launched from the Barbados airport 
meteorological station on the same day. In the profile, the sharp inversion at the base of the SAL is at about 2 km. The 
strong inversion at the top of the SAL is at about 4.2 km. Note the very dry air at the top of the SAL, 3–4 g kg–1, and the 
strong easterly winds associated with the profile below about 6 km (sonde profile: University of Wyoming, http://weather 
.uwyo.edu/upperair/sounding.html). (bottom right) A MODIS image taken on 26 June, showing dust haze blanketing the eastern 
Caribbean and extending from the coast of South America to the Bahamas (NASA, https://worldview.earthdata.nasa.gov/ ).

http://weather.uwyo.edu/upperair/sounding.html
http://weather.uwyo.edu/upperair/sounding.html
http://weather.uwyo.edu/upperair/sounding.html
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Fig. ES8. CALIPSO CALIOP dust aerosol profile over the western Atlantic, 26 June 2007. The satellite track is shown in pink in 
the inset figure (upper left). (top) The depolarization ratio measured along the track. Ratios in the range of 0.1–0.3 (yellow 
and green values) are diagnostic for dust. Note that the profile does not show dust extending to the surface because 
of the attenuation of the dense haze layer. (bottom) The aerosol type as identified by the CALIOP aerosol identification 
algorithm. Yellow identifies “dust.” Brown is “polluted dust.” Note that at Barbados (13.15°N, 59.42°W) the dust top is at 
about 4–5 km and the base at about 2 km, consistent with the sonde profile in Fig. ES7 (www-calipso.larc.nasa.gov/products/).

http://www-calipso.larc.nasa.gov/products/
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Fig. ES9. Illustrations of the complex features generated as African dust outbreaks emerge from the coast of West Africa. 
(left) A schematic depiction of the general structure relative to an easterly wave (Karyampudi et al. 1999). The surface 
low over West Africa is a feature often associated with dust outbreaks in summer as is the midlevel easterly jet located 
along the southern edge of the outbreak. (right) A VIIRS image on 9 July 2020 showing the same general features as those 
seen in the schematic. Note, however, that many variations of this scheme are observed in dust outbreaks (Grogan and 
Thorncroft 2019). (Image: https://worldview.earthdata.nasa.gov/.)

Fig. ES10. The changes in dust layer structure and the processes modifying the concentration and size distribution of the 
dust aerosol during transit of the Atlantic. Over the source regions in West Africa (Cabo Verde), dust extends from the 
surface to 6–7-km altitude (Wienzierl et al. 2017). When leaving the African continent, the hot, dry, dust-loaded continental 
outflow overrides the relatively cool, dust-free trade winds along the coast to form the elevated SAL. In transiting the 
Atlantic, the SAL top sinks to 3–5 km. During the transit, dust is transferred from the SAL to the marine boundary layer 
(not shown in this figure) primarily by entrainment at the top of the marine boundary layer, via turbulent and convective 
mixing, and by gravitational settling of mainly supermicron particles. In addition, cloud processing, and wet deposition 
can strongly modify aerosol properties in the SAL. Because of the inversion at the base of the SAL, convection is sup-
pressed especially in the early stages of transport, but it decreases with time. Nonetheless, suppressed conditions can 
be observed deep into the Caribbean (as seen in Fig. ES7) and in south Florida. [Figure from Weinzierl et al. (2017), their 
Fig. 6, modified.]

https://worldview.earthdata.nasa.gov/
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Fig. ES11. The University of Miami BACO, Ragged Point. (left) The building in the center houses 
the main laboratory, which mainly contains electronics equipment. A second building serves as a 
clean laboratory. The tower is 17 m tall. (right) A view of the southeast face of the tower. Pumps 
are located at the base of the tower; pipes at the front of the tower serve as vacuum lines for filter 
holders located at the top. The large pipe that stands off a short distance from the front of the 
tower serves as a high-flow-rate duct that enables isokinetic sampling at the base of the tower.

Fig. ES12. “Godzilla” dust cloud encroaching on the Windward Islands, 
21 June 2020 as seen in a GOES-16 satellite image. On this day, dust concen-
trations were in the hundreds of micrograms per cubic meter range with a 
maximum of 390 µg m–3 over Martinique. Note in the image that a second 
dust outbreak has emerged off the coast of West Africa. This would result 
in a second sharp increase in dust over the islands about five days later. 
(Source: www.star.nesdis.noaa.gov/GOES/fulldisk.php?sat=G16#.)

http://www.star.nesdis.noaa.gov/GOES/fulldisk.php?sat=G16#
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