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ABSTRACT: There is great interest in wind-borne mineral dust because of the role that dust plays
in climate by modulating solar radiation and cloud properties. Today, much research focuses on
North Africa because it is Earth's largest and most persistently active dust source. Moreover, this
region is expected to be greatly impacted by climate change, which would affect dust emission
rates. Interest in dust was stimulated over 50 years ago when it was discovered that African dust
was frequently transported across the Atlantic in great quantities. Here we report on the initial
discovery of African dust in the Caribbean Basin. We show that there were three independent
“first” discoveries of African dust in the 1950s through the 1960s. In each case, the discoverers
were not seeking dust but, rather, they had other research objectives. The meteorological context
of African dust transport was first elucidated in 1969 with the characterization of the Saharan air
layer (SAL) and its role in effecting the efficient transport of African dust over great distances to
the Western Hemisphere. The link between dust transport and African climate was established in
the 1970s and 1980s when dust transport to the Caribbean increased greatly following the onset
of severe drought in the Sahel. Here we chronicle these events and show how they contributed
to our current state of knowledge.
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in that dust can directly modulate climate by scattering and absorbing solar and

terrestrial radiation. Moreover, dust plays a role in climate indirectly, by modifying
cloud properties which subsequently can impact both radiation and the hydrological cycle
(Ghan etal. 2012). However, dust differs from other aerosols because dust emissions are themselves
linked to climate. Changes in climate, especially winds and precipitation, could change the location
of sources and affect emission rates in ways that are highly nonlinear (Albani and Mahowald 2019;
Hooper and Marx 2018; Okin et al. 2006). In turn, this newly-produced dust can itself modulate
climate and lead to complex feedback processes (Shao et al. 2011). Furthermore, mineral dust
contains elements such as iron (Fe) and phosphorous (P), which serve as essential nutrients in
marine and terrestrial ecosystems. Thus, mineral dust deposited to the ocean can affect primary
productivity which, in turn, can affect the atmosphere—ocean carbon cycle and, ultimately,
climate (Jickells and Moore 2015; Ravi et al. 2011).

For these reasons, there is an intense focus on arid regions because they are the major
sources of mineral dust and they are most sensitive to changes in climate (Evan et al. 2016;
Prospero et al. 2002) and also to land use (Ginoux et al. 2012; Webb and Pierre 2018). North
Africa is of particular interest because the largest and most persistently-active dust sources
are located there. Models estimate that these account for 36%-79% of global emissions
(Huneeus et al. 2011; Kok et al. 2021; Wu et al. 2020). This large uncertainty is attributable,
in part, to our lack of understanding of dust source processes and to processes occurring
during subsequent transport.

The interest in African dust has a long history. In 1833, Darwin, while in the Cape Verde
Islands on the Beagle, experienced an intense dust storm (Darwin 1846). He reported on his
extensive measurements and closed with this prescient comment: “Finally, I may remark
that the circumstance of such quantities of dust being periodically blown, year after year,
over so immense an area in the Atlantic Ocean, is interesting, as showing by how apparently
inefficient a cause a widely expanded deposit may be in the process of formation.”

It was not until the mid-twentieth century that Darwin’s dust was “discovered” in the west-
ern Atlantic and Caribbean. Now, over 50 years later, it is important to chronicle the events
linked to this discovery, many aspects of which are not fully known to the recent generations
of the atmospheric research community. Here we show that there were three independent
“first” discoveries of African dust in the Caribbean. None of these researchers was aware
of the work of the others. Furthermore, none of these programs was funded for research on
mineral dust. All discoveries involved an element of serendipity.

In discussing this early work, we provide a contextual background to the work. With that
purpose in mind, we do not provide an extensive review of the literature, which is now volu-
minous. We refer the reader to the many excellent reviews (e.g., Knippertz and Stuut 2014;
Ravi et al. 2011; Shao et al. 2011). Throughout this paper, we cite selected literature that
provides a historical perspective to the research discussed herein. These generally focus on
literature that relates most closely to the studies on Barbados and in the Caribbean Basin (Fig. 1).

T he effects of dust on climate are broadly similar to those of other types of aerosol

The first fully documented discovery: D. W. Parkin, A. C. Delany, and A. C. Delany

In 1967 two companion papers were published that conclusively demonstrated that large
quantities of African dust were routinely being transported across the Atlantic to the Caribbean
(Delany et al. 1967; Parkin et al. 1967). These were the result of a field campaign on Barbados
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Fig. 1. Locations in the Caribbean and western Atlantic that have played a role in the early history
of dust research in the region. Inset: The location of the sampling sites on Barbados. See also
Fig. ES1. (Source: Google Earth Pro.)

carried out over 1965-66. The lead scientist of the group was David Parkin, a physicist at
the College of Technology, Liverpool. He was assisted by Tony Delany, a graduate student in
chemistry at Manchester University, and the latter’s wife, Claire Delany, who participated in
the research.

In search of cosmic dust. Parkin’s program was not designed to measure terrestrial dust
but rather to assess the influx rate of cosmic dust. In the 1950s, studies of ocean sediments
and ice cores from Greenland found significant concentrations of ferromagnetic particles
in the size range of micrometers to a few millimeters in diameter. These were attributed to
“cosmic” dust produced by the melting of incoming interplanetary dust and the ablation of
large extraterrestrial objects during atmospheric entry (Taylor and Brownlee 1991). Interest
in cosmic dust increased greatly in the early 1960s with the launch of space probes that
carried rudimentary micrometeorite detectors, in some satellites, simply microphones that
monitored the sound of particle impacts. These reported sporadic periods when impact rates
were high, which suggested the presence of great dust concentrations. These estimates were
later shown to be erroneous because of instrumental errors and the improper interpretation
of data (Bandermann and Singer 1969).

Barbados and the discovery of African dust. Parkin had begun his research on cosmic dust
in the late 1950s (Parkin and Hunter 1959). In 1965, he initiated studies in the trade winds on
Barbados (Fig. 1) which he believed would be minimally impacted by upwind landmasses,
the closest being the coast of Africa 4,500 km to the East. Parkin planned to measure the
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daily concentrations of magnetic particles that might suggest an extraterrestrial origin and
then to link the temporal variability to specific cosmological cycles and events.

Work began in March 1965. To minimize the impact of local dust sources, a sampling
site was selected on the easternmost point of the island, at Cole’s Pasture, Saint Philip
(13.154710°N, 59.421748°W); see Fig. 1 and Fig. ES1 in the online supplemental material
(https://doi.org/10.1175/BAMS-D-19-0309.2). There they erected a 14-m wooden tower (Fig. 2,
also Fig. ES2) on a site within a few meters of the edge of a 14-m coral bluff that rose sheer
out of the sea.

Samples were collected using 1-m-square, 0.5-mm diameter, nylon monofilament mesh
panels that were hung in the wind (Fig. ES3). Particles are collected by impaction on the
filament, which is sticky in the salty, humid environment. Pumps and filters could not be
used because there was no electrical power in the area. Under typical trade wind conditions,
about one million cubic meters of air pass through the three square meters of mesh that
were mounted every day. Later studies involving concurrent measurements with pumped
aerosol filter samples would show that
the meshes had a particle mass collection
efficiency of about 30% for African dust
(Prospero and Nees 1977, 1986).

At the end of the day, the meshes were
rinsed on the tower, and rinse suspensions
were taken to a clean room constructed in
a local residence for further processing.
Ferromagnetic particles were extracted with
amagnet and examined under a microscope.

Sampling started in late July 1965. After
a few hours of sampling, the group was sur-
prised to see that the meshes had developed
a deep reddish-beige coloration (Fig. ES3).
It was quickly determined that the color
was due to mineral dust. On dusty days,
the bottom of the rinse container would be
covered with a substantial layer of fine mud
which yielded grams of dry dust. Figure 3
shows the large amount of dust that can be
collected during dusty conditions.

Initially, there were concerns that this dust
might be derived from local sources. However,
it was soon found that the composition of the
dust samples was quite different from that
of Barbados soils (Delany et al. 1967). Also,
the dominance of fine particles, (i.e., under

) . Fig. 2. African dust sampling tower, on the coast at
about 20-um diameter), and the relative  cgjes pasture, Saint Philip, Barbados (13.1547109°N,
scarcity of large particles argued against 59.421748°W). Parkin et al. named the facility “Opik Tower”
local dust sources. The profusion of fine  to honor Ernst Opik, the Estonian astronomer and astro-
particles stands out in Fig. 4, a scanning physicist who had done much research on meteors, most
notably on the entry of high-speed bodies into the atmo-
on a filter collected later in the program sphere and their consequent ablation. Dust is collected on

nylon mesh screens that were suspended from the crossbars
(Barkley et al. 2021). Furthermore, measure- at the front of the tower, which faces to the east, into the
ments of particle size showed that the mag-  trade winds. See Figs. ES2 and ES3 for other images related
netic particle size distribution was identical ~ to tower activities.

electron microscope (SEM) image of dust
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to that of nonmagnetic particles (Fig. 5). This
suggested that both particle types were de-
rived from the same source material and that
it was not cosmic. If a cosmic source were
to contribute significantly to the magnetic
particle fraction, the relative slopes of the
two components would be more variable.

Dust and Atlantic sediments. The mineral
and biological components in the dust par-
ticles were similar to those of the detrital
particles found in tropical Atlantic deep-sea
sediments (Delany et al. 1967). This suggest-
ed that the dust came from Africa. Especially
persuasive was the presence of fragments of
freshwater diatoms including species found
in lakes in mountainous regions in Africa
and in sediments off the southwest coast Fig. 3. African dust sample. The sample was collected with
of North Africa (Romero et al. 1999). Later 3 m? of mesh samplers over two days, 27-29 May 1967. The
studies would show that immense quanti- weight of the sample is 15.2 g. A dime is shown for scale.

ties of freshwater diatoms are carried to the
Atlantic, possibly from the Bodélé Depres-
sion in northern Chad (Ben-Ami et al. 2010).
During the Holocene, the Bodélé was
flooded to create Lake Mega-Chad, where
huge deposits of diatoms are found today
(Armitage et al. 2015). Satellite images of-
ten show white diatom-laden dust plumes,
hundreds of kilometers in length, emerging
from the Bodélé and streaming to the west
(Ben-Ami et al. 2010; Prospero et al. 2002).

Dust seasonal variability. Delany et al. (1967) ? S | S b
commented on the great day-to-day varia- o WEOLNE DoL dp el L

tions in concentration observed throughout ‘ : . “
their study. But they could not definitively Fig. 4. SEM image of African dust collected on a Whatman-41
comment on the seasonal variability of filter. Note the predominance of particles several microm-
transport because, at the time the paper was eters in diameter and the absence of large particles. Many

written, they had only acquired data over the particles have a platey character and some are agglomer-

. ] . ates. The volume median diameter of the dust is about
period August 1965-April 1966 (see their  5_3 pm. Note that the finer particles will tend to be cap-

Table 1), thereby missing the summer maxi-  tured deeper in the filter matrix. At the center of the image
mum transport period that peaksin Juneand is a fragment of a freshwater diatom. The large fibers in the
July. The strong seasonality was first reported image are the filter matrix. [Image: A. Barkley, U. Miami.
by Prospero (1968), who took over opera-  S€€ also Barkley et al. (2021).]

tions at the Barbados site in August 1966

(see the section “Miami takes over Barbados

operations”). Prospero (1968) combined the data in Delany et al. (1967) with data that they
subsequently acquired through September 1966 (wWhen they ceased operations) and the data

obtained by the Miami group through August 1967. These data yielded two complete seasonal

cycles as seen in Fig. 6, redrawn from the original in Prospero (1968), shown in Fig. ES4.
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This figure conclusively established for the 1000
first time the strong seasonally-modulated

character of African dust transport, a feature

that has persisted over the entire record to

the present day (Prospero and Lamb 2003;

Prospero and Mayol-Bracero 2013; Zuidema

et al. 2019). Figure 6 also suggests that

there could be considerable interannual
variability, a feature that would later be 100
seen throughout the 50-yr record, presenting
further evidence of the modulating effects of
climate (see the section “Dust transport and
African climate: African studies™).

Although Parkin et al. did observe an array
of large particles, they eventually concluded
that these were mostly due to contamination.
In the end, they could not arrive at a defini-
tive estimate of the influx rate of the cosmic
component of particles in their collections.
They could only provide a range of estimates.
It is important to note that even today, using
advanced instrumental techniques, the range
of estimates remains very large (Plane 2012).
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group was primarily interested in min-

eral species, they observed a large variety Fig. 5. Dus? particle s.ize distr.ibution of magnetic and
. .. . nonmagnetic dust particle fractions collected at Barbados
of nonmineral species including fungus hy-

h ) d “cokev balls.” which (Fig. 4; Delany et al. 1967). The fact that the size distribu-
phae, Wa_XV umps, ar% CO. eY alls,” whic tions are identical for both particle types suggests that they
they attributed to ship emissions although  4re derived from the same noncosmic source.

today we would include biomass burning in

Africa as a source (Barkley et al. 2019; Zamora et al. 2013). Later work on Barbados would
show that increased concentrations of cultivable bacteria and fungi were associated with the
advection of African dust (Prospero et al. 2005). Perhaps the most remarkable example of
biological transport occurred in mid-October 1988 when swarms of African desert locusts
(Schistocerca gregaria) crossed the Atlantic and landed on islands of the eastern Caribbean
including Barbados (Rosenberg and Burt 1999). Richardson and Nemeth (1991) suggest that
the locusts were able to travel this great distance because they were assisted by the winds of
Tropical Cyclone Joan, which passed through the southern Caribbean at this time.

Tracing dust to Africa: First use of satellites to identify dust sources. Barbados dust was
definitively attributed to a specific African source region using satellite images. On 11-12 June
1967, an intense dust event yielded an unusually large concentration of particles above 20-um
diameter (Prospero et al. 1970). Using an Environmental Science and Services Administration 5
(ESSA-5) satellite image, the sample was linked to a dust storm that crossed the coast of West
Africa over Mauritania and Senegal on 7 June (Fig. ES5a). A crude wind-vector-based back-
trajectory, calculated from Barbados for the date 12 June, intersected with the position of the
image plume on 7 June along the coast of Senegal and Mauritania. Here we recalculated the
trajectory using NOAA HYSPLIT (Stein et al. 2015) for that same day (Fig. ES5) and obtained
the same result. The transit time of about five days would prove to be typical for such events.

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthentiégtg‘cﬁl %8\%”%061@(!3%20/22 08:20 AM UTC



Kahn (2015), in a review of the use of
satellites in aerosol remote sensing,
cites Prospero et al. (1970) as the first to
use a satellite to link samples collected
at a specific receptor site to a source
located on another continent. Later,
Carlson and Prospero (1972, hence-
forth C&P72) presented many case
studies where dust outbreaks could be
tracked across the entire Atlantic in
ESSA-5 satellite images.

The actual, but incidental, first
discovery: C. Junge

Although the Parkin group was the first
to fully identify and conclusively docu-
ment the transport of African dust to
the western Atlantic, they were not the
first to identify the presence of this dust
in the Western Hemisphere and to at-
tribute the dust to African sources. This
was accomplished by Christian Junge
in south Florida in 1954 (Junge 1956).
In the years following World War II,
Junge played a pioneering role in at-
mospheric chemistry. His status was
firmly established with the publication
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Fig. 6. The interannual variability of African dust transport by
trade winds on Barbados as reflected in the bidaily average
concentrations: August 1965-August 1967. Replotted from
Prospero (1968). The original figure is shown in Fig. ES4 where
the data are presented as monthly means. The concentrations
from August 1965 to April 1966 (green) are calculated from data
presented in Delany et al. (1966). Concentrations from May to
August 1966 (blue) are calculated from data received directly from
the Delanys at the completion of their operations in September
1966. Concentrations after September 1966 (red) were based on
measurements made by the University of Miami group after tak-
ing over the program on Barbados. Note that the concentrations
shown here differ from those in Prospero (1968), because they
were recalculated according to the collector calibration presented

of his book, Air Chemistry and Radio- ™ Prospero and Nees (1977, 1986).

activity (Junge 1963). Although other

books had dealt with various aspects of atmospheric chemistry at that time, Junge’s book
was unique in the breadth of its scope, its emphasis on aerosols, and its global integrative
approach. Junge’s book served as the basic reference work for a generation of young atmo-
spheric scientists (Duce 1997; Jaenicke 2012).

Junge links meteorology with atmospheric chemistry. Junge was one of the first to con-
sistently apply a global methodology to atmospheric chemistry and to interpret his results,
and those of others, in the context of large-scale atmospheric processes. [For an extensive
discussion of Junge’s history and his impact on atmospheric chemistry, see Duce (1997) and
Jaenicke (2012).] It should be noted that Junge was not a chemist. He was trained as a me-
teorologist in Hamburg and Frankfurt in the early 1930s (Jaenicke 2012). In 1952, he took
a position at the U.S. Air Force Cambridge Research Center, Boston, Massachusetts, where
he was primarily concerned with characterizing the atmospheric distribution of radioactive
debris produced in nuclear weapon tests—hence, the presence of “radioactivity” in the title of
his book. However, his research extended far beyond that specific role. It was in the course of
his radioactivity program that he discovered the stratospheric sulfate aerosol layer (the “Junge
layer”), which he showed to be comprised largely of sulfuric acid droplets produced by the
photochemical reactions of sulfur-containing gases (e.g., carbonyl sulfide) transported from
the troposphere and by the sporadic injection of SO, from volcanic eruptions. Because of his
many contributions across a wide spectrum of disciplines in the field, he was widely regarded
as the “father” of modern atmospheric chemistry (Duce 1997; Jaenicke 2012).
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Finding African dust in Florida. Junge had also begun studies of the chemistry of sulfur and
nitrogen species in the troposphere. By 1954, he had completed a series of investigations in
the Boston area, which was heavily impacted by pollution sources. Wishing to make measure-
ments in unpolluted air, in July and August 1954 he traveled to a coastal site near Homestead,
Florida (25.5°N, 80.5°W), at that time, a small agricultural town 40 km south of Miami. There
he could make measurements in the steady onshore trade wind flow of air unimpacted by
local emissions. The results of this study were reported in Junge (1956).

Junge’s paper focuses almost entirely on nitrogen and sulfur species except for one para-
graph, buried deep in the paper, where he mentions dust:

It might be mentioned here as a matter of curiosity that during the last three days, begin-
ning with 31 July, the aerosol samples of both sizes [“fine” and “coarse” size classes]
contained considerable, though decreasing [over the following days] amounts of reddish-
yellow dust. Investigation of the weather maps ruled out the American continent as the
source of this dust. Very steady easterly (trade) winds prevailed at all levels above the
Atlantic Ocean during this period. It is very probable that this dust was carried across
the Atlantic from West Africa, where several dust storms had occurred during the first
half of July. It is a well-known fact that dust from the Sahara Desert, carried aloft by
strong winds, can be transported to places such as Central Europe, the Azores, and the
Cape Verde Islands. In this case, however, it must be assumed that the dust was carried
all the way across the Atlantic Ocean below the inversion layer. It is surprising that it
was not washed out by the trade-wind showers.

Junge does not present any measurements of dust properties. He does show the dust event
graphically in his Fig. 1, shown here, in part, in Fig. 7. To our knowledge, this was the first state-
ment in the scientific literature that identifies dust in marine aerosol samples collected in the
Western Hemisphere and that credibly speculates on the possibility of transport from Africa.
Out of curiosity, we ran NOAA HYSPLIT back-trajectories (Stein et al. 2015) for the entire period
of Junge’s field program, 19 July-3 August. Only on one day, 31 July, the day Junge observed
the highest dust concentrations, did trajec-

tories unambiguously trace back to North LARGE PARTICLES

Africa (Fig. ES6). The trajectories had crossed d

the coast of Mauritania a week earlier and —_%ﬁ

tracked inland across northern Mali and into i i S0~
southern Algeria. This region would later be P, oS - ¢

shown to be a major source of dust outbreaks 10 -
in the summer months (Bozlaker et al. 2018;

$ L L % L L L L L 8 8 8 s s

Formenti et al. 2011; Yu et al. 2020). sust
RAIN W
The problem of long-range dust transport. [ 1 1 — l = 1 - ] - ] "1 I I O |
1% 20 20 4 L d
In the last line of the Junge quotation, he re- JuLy ¢ l .IUG‘

marks with surprise that dust could survive  gjg 7 The first identification of African dust in the Western
the transit of the Atlantic, typically ajourney  Hemisphere (Junge 1956). This figure is a copy of a portion
of about 7 to 10 days from the coast of Africa  of Fig. 1 from Junge (1956), which symbolically identifies a
to south Florida, without being washed out in dust event on 31 Jul 1954. The letters “S” and “L” indicate
rain. His stated assumption is that the dust whether the sample was collected under sea-breeze or

. . . 1. . land-breeze conditions. Junge used an impactor to collect
is carried below the trade wind inversion, an 9 P

. . two size classes: 0.08-0.8 and 0.8-8 ym. Although here he
inference that we now know to be incorrect. shows the different fractions for sulfate and other species,

The fact that such large amounts of dust sur- he does not provide such data for dust. The dust plot scale
vive this journey is attributable in part tothe  has no units.
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role of the Saharan air layer (SAL) as discussed in the section “The definitive discovery of the
Saharan air layer and its role in dust transport: J. M. Prospero and T. N. Carlson.”

It should be noted that Junge was well primed for his identification of the dust source.
During World War II, he was a meteorologist with the Luftwaffe (Jaenicke 2012). At one point,
he was stationed in Libya where he would have become familiar with dust storms and the
distinct reddish-beige appearance of African dust.

Junge's dust discovery, overlooked. Except for that one paragraph, the word “dust” does not
appear elsewhere in the paper. Given the slow and inefficient process of indexing literature at
midcentury, this paper was largely overlooked by those few scientists who had an interest in
dust. This was especially true for many young scientists who migrated to the Earth sciences
from other fields, a category that includes the authors of this paper, none of whom had seen
the paper or were aware of Junge’s book.

In his paper, Junge presents no information about the dust collected in Florida other than
its color. Later work (Prospero 1999; Prospero et al. 2001) would definitively show that African
dust impacts south Florida every year in a seasonal cycle like that characterized at Barbados
(e.g., Prospero and Lamb 2003; Prospero and Mayol-Bracero 2013; Zuidema et al. 2019).
Later, African dust would be measured in substantial quantities in the southern states
(Bozlaker et al. 2013, 2019; Hand et al. 2016) and throughout the eastern United States as
far north as New England (Aldhaif et al. 2020; Hand et al. 2016).

Notably, Junge made no effort to claim “discovery.” In his book, there is only one sentence
relating to the dust event described in Junge (1956). It simply states (with no citation): “The
author collected Sahara dust in Florida, which was apparently transported in the steady trade
winds during summer.” Also, in later dust-related publications, he does not cite his discovery,
not even in a paper (Junge 1972), that reviews the literature on the properties of aerosols, in-
cluding dust, in the undisturbed marine environment. Even today, despite the huge number of
publications on African dust, his pioneering paper has only been cited 109 times. Even so, most
of these refer to the nitrogen and sulfur chemistry results; only six refer to dust (Web of Science).

The unrecognized discovery of dust and the Saharan air layer: G. Zuloaga

Given the great interest and intense research focused on African dust over the western Atlantic
and Caribbean for the past 50 years, it is surprising that dust advection events have not re-
ceived more attention from observers on the northern coast of South America, which we now
know to be impacted at levels comparable to those on Barbados. This omission is perhaps
due to the masking of dust effects by the “calina,” a dense haze that is often observed during
boreal winter and spring along the Caribbean coast. The calina (in some literarture, “calima”)
has generally been attributed to sea salt particles, smoke from biomass burning, and pollu-
tion. However, it seems that nobody had examined the properties of calina aerosols until
the late 1950s with the research by Guillermo Zuloaga, a petroleum geologist in Venezuela
(Geological Society of America 1994).

Working on his own initiative in Caracas, Zuloaga (1966) made an extensive series of simple
experiments in which he collected particles impacted on balsam-coated microscope slides
extended from a car window as he drove over mountain roads along the coast. Although
his primary interest was the sea-salt droplets and crystals, he commented that through
the microscope he frequently saw abundant quantities of fine mineral particles, only a few
micrometers in diameter, along with sea-salt deposits. Zuloaga also made studies aboard a
small aircraft on flights over the Caribbean, using slides exposed out of a window. He noted
that under typical trade wind conditions, the calina extended at least to 100 km north of the
coast and, thus, he concluded that the haze and the mineral particles could not be attributed
to Venezuelan sources.
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Zuloaga’s “discovery” of the SAL. In his flights, Zuloaga described the properties of what we
know today to be the SAL: dense haze, high temperature, very low relative humidity, and the
presence of mineral dust. He noted the great depth of the layer with a top at 2,700-3,000 m,
and that the top was extremely flat, a feature that we now know to be due to a sharp inversion
at the top of the SAL. In his paper, he shows a photo (Zuloaga 1966, his Fig. 1) of the haze top,
taken from a Cessna-type rented aircraft. He also observed that the haze had a brown tinge,
an appearance, he noted, that one would not expect of sea salt haze. His accurate description
of the SAL was made a decade before the work of C&P72 and Prospero and Carlson (1972,
henceforth, P&C72) who first documented the SAL as discussed in the section “The definitive
discovery of the Saharan air layer and its role in dust transport: J. M. Prospero and T. N. Carlson”.

Zuloaga comments on the seasonality of the calina and the associated dust, noting that it
occurs most commonly in winter and spring. This seasonal cycle differs from that observed
at Barbados where the maximum occurs in summer. Dust transport out of Africa undergoes
a seasonal cycle that shifts latitudinally with the seasonal changes in the large-scale circula-
tion over the Atlantic, a shift that is manifested most visibly with the seasonal migration of
the intertropical convergence zone (ITCZ) as documented in various satellite products (e.g.,
Adams et al. 2012; Chin et al. 2014; Yu et al. 2019).

Quantifying dust transport to South America. Dust transport to South America was first
quantitatively characterized by measurements made in the trade winds at Cayenne, French
Guiana, in 1978-79 (Prospero et al. 1981). These yielded concentrations comparable to those
in Barbados in summer. These results led to considerable speculation about the role of African
dust as a source of nutrients, especially phosphorus, and its role as “fertilizer” for the Amazon
basin (e.g., Ben Ami et al. 2010; Bristow et al. 2010; Swap et al. 1992; Yu et al. 2015b). This
transport was later characterized more definitively in studies in Cayenne (Barkley et al. 2019;
Prospero et al. 2014, 2020) where the 15-yr air quality aerosol record clearly documents the
strong seasonal variability and the important role of African dust transport to South America.
It is notable that Zuloaga (1966), based on the composition of dissolved species in rain, also
speculated that the rain during the calina season could serve to fertilize the soils although
he apparently did not recognize that the nutrient species were associated with dust.

Recognition for Zuloaga'’s work. Unfortunately, Zuloaga’s work has gone unrecognized
because it was not published in a readily available English language scientific journal. Its
only English appearance was in the “Amateur Scientist” column of Scientific American
(Stong 1961). Even today, searches in literature databases (e.g., Scopus, Google Scholar, Web
of Science) yield no citations to his work. The citation presented here (Zuloaga 1966) was
obtained from Zuloaga’s obituary (Geological Society of America 1994). Although he did not
characterize his dust to any extent nor identify the dust as African, it is appropriate to credit
Zuloaga for the systematic pursuit of his studies and for being the first to recognize and de-
scribe the anomalous meteorological conditions, which puzzled him greatly, and to tenuously
associate these conditions with dust. In effect, Zuloaga was the first to describe the SAL.

The definitive discovery of the Saharan air layer and its role in dust transport:
J. M. Prospero and T. N. Carlson

Early history. As was the case of the previously discussed early dust researchers, Prospero and
Carlson entered the field inadvertently. Prospero’s involvement began in the mid-1960s when
there was a growing interest in marine aerosols. Early work on aerosols collected in nominally
“remote” regions, usually in the North Atlantic, had shown that the composition of these marine
aerosols could differ greatly from that which one might expect of material derived predominantly
from the ocean. There was much interest in the role of bubble rupture at the sea surface that might
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produce a fractionation of seawater components (Duce and Hoffman 1976; Quinn et al. 2015).
Early bubbling studies often yielded interesting results which, in retrospect, were largely due
to poor techniques in laboratory-based studies (Salter et al. 2016). However, the bubble studies
could not explain the highly anomalous compositions that were often observed and which we
now know are often linked to the long-range transport of natural and anthropogenic materials
from the continents, the importance of which was not recognized in the 1960s.

African dust and Atlantic Ocean sediments. In the mid-1960s, Prospero was engaged in
bubble fractionation studies at the University of Miami Marine Laboratory (now the Rosenstiel
School of Marine and Atmospheric Sciences). Using a floating, in situ, bubble apparatus in the
Gulf Stream, he could not produce any substantial enrichments. Coincidentally, in discussions
with colleagues studying Atlantic pelagic sediments, he learned of two recent publications
that provided the first substantial support for the idea that there was a significant transport of
African dust to the Atlantic. One, previously mentioned (Goldberg and Griffin 1964), focused
on the properties of sediments deposited on the Mid-Atlantic Ridge. Although they made no
aerosol measurements, they specifically identified the importance of wind transport—“a
major fraction of these nonbiogenic phases appeared to arrive at the deposit site from the
continents via wind-transport at the mid-latitudes.”

In the second paper, Biscaye (1965) carried out X-ray diffraction analyses of 500 deep-sea
sediment core-top samples, collected mostly in the Atlantic. Based on the spatial distribu-
tion of the mineral concentrations, Biscaye concluded that the bulk of recent Atlantic Ocean
deep-sea clay is comprised of detritus from the continents and that these materials are deliv-
ered by South American rivers and “by rivers and wind from Africa.” However, there are no
major rivers on the west coast of Africa and, consequently, transport by wind would likely
dominate. Using the sediment clay mineral accumulation rates cited in these two papers, a
simple calculation suggested that the atmospheric concentration of African dust should be
readily measurable over the tropical Atlantic.

These two papers appeared at about the same time. Indeed, Biscaye’s dissertation, which
served as the basis of Biscaye (1965), is cited in a footnote in Goldberg and Griffin. Thus, both
papers should be credited with being the first to highlight the role of wind-borne African
dust as a major source of sedimentary material in the tropical mid-Atlantic as contrasted to
the coastal areas of West Africa where the impact of African source was well documented as
described in Darwin (1846) among others. These two papers validated Darwin’s speculation
that dust could be playing a large role in supplying material to ocean sediments.

On the basis of these papers, Prospero and Enrico Bonatti, a colleague at Miami and a
marine sedimentologist, were motivated to look further into the long-range transport of dust
to the oceans (e.g., Prospero and Bonatti 1969).

Miami takes over Barbados operations. In the summer of 1966, the Parkin group was end-
ing their study on Barbados. On his return trip to England from Barbados, Parkin had a plane
change in Miami during which time he made an impromptu visit to Bonatti’s laboratory at the
university. After a brief discussion about our mutual interest in African dust, Parkin generously
offered to transfer the Barbados tower to the Miami group who took over operations in the fall of
1966 (Prospero 1968). This site remains active to this day as discussed in the section “Beyond
discovery: The evolution of atmospheric aerosol studies on Barbados.” But for Parkin’s fortu-
itous stopover at Miami, Prospero would not have learned of the availability of the tower until
much later when it would have been difficult to resuscitate the facility and resume sampling.

Linking African dust and easterly waves. The day-to-day and seasonal variability of dust
concentrations measured by Delany et al. (1967) and Prospero (1968) suggested that dust
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transport was closely linked to meteorological processes and that, consequently, dust stud-
ies should incorporate a strong meteorological component. These issues were eventually
addressed in a series of studies by Carlson and Prospero.

In 1968, Carlson, with a recent Ph.D. in meteorology from Imperial College, London, took
a position with NOAA’s National Hurricane Research Laboratory in Miami. He focused on
the study of waves because of the role that they might play in the development of tropical cy-
clones and hurricanes (Carlson 1969), a topic of continuing interest (Dunion and Velden 2004;
Grogan and Thorncroft 2019; Xian et al. 2020; Zipser et al. 2009).

Following a chance social encounter in early 1968, Prospero and Carlson began to discuss
the possible relationship between the pulsing character of African dust events observed at
Barbados and the passage of easterly waves. This led to their ad hoc involvement with a
NOAA DC-6 transatlantic research flight in October 1968 on a mission to investigate waves
(Prospero and Carlson 1970, henceforth P&C70). Neither Prospero nor Carlson participated
in the flight and they had no role in the planning.

Fortuitously, the DC-6 had previously been used in NOA A programs to monitor airborne ra-
dioactive weapons-test debris and, to that end, it had been outfitted with an aerosol sampling
system. The flight was specifically instrumented to measure Rn-222 as part of a NOAA pro-
gram to use radon as a tracer of atmospheric transport and mixing (Machta and Lucas 1962).
Atmospheric Rn-222 (half-life, 3.82 days) is a radioactive decay product of uranium-238
naturally present in soils; radon diffuses to the atmosphere and can be used as a tracer of
air that has recently been in convective contact with the Earth’s surface. Radon decays to
a series of products including radioactive lead-214 (half-life, 26.4 min) and bismuth-214
(half-life, 19.9 min). In the atmosphere, these species rapidly attach to aerosols that are
readily captured on filters and measured; the decay data can then used to calculate the air
concentration of Rn-222.

Radon concentrations varied greatly as the aircraft penetrated through the waves. Figure 8
(Fig. 2 in P&C70) shows the sketch made by the flight meteorologist of his observations dur-
ing the flight along with the radon concentrations. Dense haze was encountered at various
times during the flights (Fig. 8). The highest concentrations of radon and dust haze were
found in the regions to the east of the wavefront, a relationship that was consistent with
the pulse-like concentrations of dust that were typically observed on Barbados. The low-
est concentrations of radon and dust haze were measured immediately to the west of the
leading edge of the wave where northeasterly winds carried marine dust-free air from the
midlatitude North Atlantic, “aged” air in which radon concentrations would be expected to
be low because of decay.

It was during this flight that the unique meteorological characteristics of dust outbreaks
were first noted, primarily on the basis of sonde profiles (e.g., Fig. 1 in P&C70) with features
that we now associate with the SAL: hot, dry, and dusty. On the NOAA flight, it was estab-
lished for the first time that there were strong inversions at the base and top of the SAL and
that these inversions served to strongly suppress convection, a relationship that stands out
clearly in the flight meteorologist’s sketches during the flight (Fig. 8). Between these inver-
sions, there was a homogeneous (isentropic) layer wherein the densest haze was observed.

An example of a present-day dust event at Barbados. Although we have no photos from
the NOAA flight, in Fig. ES7, we show a photo taken on a commercial airline flight out of
Barbados on 26 June 2007, a day when dust concentrations at Ragged Point were high,
46 ug m= and aerosol optical depths in the region were in the range of 0.5-0.7. In Fig. ES7,
we also show a rawinsonde profile taken that day at the airport. This sonde shows all the
features of a classic SAL profile including a sharp inversion at the base at about 2 km and a
second at the top at 4.2 km. Between the two inversions, there is a deep isentropic layer with
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Fig. 8. Dust and African easterly waves. Meteorological conditions along the Barbados-Dakar aircraft transects, 9-11 October
1968 (Fig. 2 in P&C70). Flight meteorologist’s sketches: (top) westbound and (bottom) eastbound. Numerals indicate cloud
cover in tenths. The altitude of the haze top is based on visual estimates. (middle) Radon-222 concentrations corrected for
decay in transit from the African coast; calculated transit times are shown at the top of the figure. In the flight sketches,
the width of the haze hatching is not intended to be representative of the thickness of the haze layer, which was difficult
to estimate under flight conditions. The flight meteorologist was Neil Frank, at that time a recent hire at NOAA. Frank
would go on to become the director of the National Hurricane Center in 1974.

a potential temperature of about 40°C. Also, the layer is extremely dry with a mixing ratio of
2-7 gkg. MODIS (Fig. ES7) shows that the region extending from Puerto Rico to South America
was covered by a dense dust cloud. On this day, the spaceborne lidar Cloud-Aerosol Lidar
with Orthogonal Polarization (CALIOP) aboard Cloud—Aerosol Lidar and Infrared Pathfinder
Satellite Observations (CALIPSO) passed 1° east of Barbados (Fig. ES8). It shows a dense dust
layer with a top at 4-5 km, altitudes consistent with the Barbados sonde temperature and
moisture profile. Dust extends to about 22°N along the track and, to the South (not shown),
reaching the ITCZ at the equator, spanning a total of 20° of latitude. The dust observed on
this day was part of a major dust event that had moved into the area late on 25 June. MODIS
on 26 June shows heavy dust extending from the coast of Africa, across the entire Atlantic,
and into the Caribbean (https://worldview.earthdata.nasa.gov/).

To our knowledge, P&C70 was the first paper to identify the meteorological signature
of African dust outbreaks and its relationship to the tropical meteorological environment
and, furthermore, to suggest a link between easterly waves and African dust transport.
Unfortunately, no measurements of mineral dust were carried out on this flight.
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Characterizing the SAL: BOMEX. Although the P&C70 paper provided some initial insights
on the SAL, the definitive publications appeared in 1972: C&P72 and P&C72. These pre-
sented the results of measurements made in the Barbados Oceanographic and Meteorological
Experiment (BOMEX), which was held in a region of the Atlantic immediately east of Barbados
in the summer of 1969. BOMEX was one of the first “big science” ocean—atmosphere experi-
ments (Kuettner and Holland 1969). The core objective of BOMEX was to compare vertical
fluxes measured on a synoptic-scale over the tropical ocean east of Barbados using budget
methods (Fleagle 1972) wherein radiation measurements would normally be a major activity
(Kuettner and Holland 1969). Yet at that time in atmospheric climate science, aerosols were
of minor interest. Consequently, BOMEX did not include specific plans to incorporate focused
aerosol measurements in the design of the program although sporadic measurements were
made in other contexts (see the section “Aerosol studies in BOMEX” in the supplement).

Prospero and Carlson’s participation in BOMEX was entirely on an ad hoc basis since neither
was funded to study dust aerosols. Arrangements were made with NOAA for Prospero to sample
aerosols aboard the NOAA DC-6 using the same sampling system that had been used in the
transatlantic flight in October 1968. Sampling was carried out from May through July; 1,300
filter samples were taken during 300 h of flight time at altitudes ranging from the surface to
3 km. The results of this study (P&C72) showed that dust concentrations were greatest in the
SAL, on average about 3 times greater than in the marine boundary layer below the inver-
sion at the SAL base. The strong layering of African dust has been extensively documented in
recent years in aircraft research programs (e.g., Reid et al. 2003; Weinzierl et al. 2017) and in
lidar studies performed at ground sites (Grof3 et al. 2015, 2016), aboard ships transiting the
Atlantic (Bohlmann et al. 2018; Gasteiger et al. 2017) and also with the CALIOP lidar aboard
the CALIPSO satellite (Adams et al. 2012; Yu et al. 2015a) and as shown in Fig. ES8

Linking the SAL to meteorological process in Africa. A companion paper, C&P72 shows
that the SAL properties could be traced to processes taking place over West Africa a week
earlier. Over the Sahara, the intense heating produces a deep isentropic mixing layer that
has a potential temperature of about 45°C. Convection carries dust to altitudes as high as
6—7 km (Knippertz and Todd 2012). As this hot, dry, dust-laden Saharan air mass reaches
the west coast of Africa, it is lifted above the cooler trade winds, forming the elevated layer
that we now refer to as the SAL. Also, an anticyclonic flow develops behind the easterly wave.
These processes are broadly sketched in Fig. 9 (C&P72) and, in three dimensions, in Fig. ES9
(Karyampudi et al. 1999).

As the dust moves across the Atlantic, the top and base of the SAL decrease in altitude as
depicted schematically in Fig. ES10 (Weinzierl et al. 2017). During transit, dust is transferred
from the SAL to the underlying boundary layer, primarily by convective erosion, as depicted in
Fig. ES10. Some dust might also be injected directly into the boundary layer along the coast of
Africa (Reid et al. 2003). The complexity of these processes presents a challenge to our under-
standing of the life cycle of dust emissions and transport from Africa (Knippertz and Todd 2012)
and the relationship to easterly waves (Grogan and Thorncroft 2019; Nathan et al. 2019).

Impact of dust on radiative properties of the atmosphere. The large concentrations of dust in
the SAL have a significant impact on the radiative properties of the SAL and the marine bound-
ary layer as first described by Carlson and Caverly (1977) and Carlson and Benjamin (1980).
The strong dust-related heating in the SAL acts to partially offset the radiative cooling of the
layer and, thereby, to preserve the inversion (Tao et al. 2018). This serves to extend the lifetime
of the SAL and explains, to a degree, how African dust could be carried such great distance.
This addresses, in part, Junge’s surprise that dust could be so efficiently carried such a great
distance over the Atlantic.
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African dust and meteorological processes over the tropical Atlantic. The elucidation of
the properties of the SAL and the link to meteorological processes over the Sahara played an
important role in the development of dust transport models and this has led to the development

of major field campaigns in
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that region (Bercos-Hickey
et al. 2020; Nathan et al.
2019). There are efforts un-
derway to assess these im-
pacts in a systematic way
through models (e.g., Strong
et al. 2018).

Because of the impor-
tant role of Saharan air outbreaks in weather, during the hurricane season weather
forecasts often focus on the SAL (Kuciauskas et al. 2018). Many real-time model-
ing products are available on the web (e.g., NASA: https://fluid.nccs.nasa.gov/wxmaps
/chem2d/; Naval Research Laboratory: www.nrlmry.navy.mil/aerosol/icap.1135.php; University of
Wisconsin: http://tropic.ssec.wisc.edu/real-time/sall.)

In 2007, because of concerns about the health impacts of soil dust (see the section “The
impact of African aerosol transport on air quality” in the supplement), the WMO established
the Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS) to improve
capabilities for more reliable sand and dust storm forecasts (https://sds-was.aemet.es/forecast
-products/dust-forecasts/ensemble-forecast).

Fig. 9. Processes involving the formation of the SAL along the coast of North
Africa during a Saharan dust outbreak. The schematic shows that as the
hot, dry, dust-laden air mass emerges from the coast, it is undercut by the
low-level trade winds. This leads to the formation of the elevated SAL. The
figure shows that the emerging air mass undergoes an anticyclonic circula-
tion behind the trough of the easterly wave (C&P72).

Beyond discovery: The evolution of atmospheric aerosol studies on Barbados

In 1971, the Miami group obtained funding from NSF and sampling was moved to Ragged
Point (Fig. 1, Fig. ES1), (13.16504°, —59.43207°), a promontory where electrical power was
available. From that time forward, all sampling was done with vacuum pumps and filters
(Prospero and Nees 1977). Initially, the facility at Ragged Point consisted of a small wooden
shack located on a 30-m sloping bluff at the eastern end of the promontory (Figs. 10, Fig. ES1).
Samples were collected with filters mounted at the top of fold-over masts. In 1989 with
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support from NSF, the facility was upgraded with
the installation of a 17-m walk-up aluminum scaf-
fold tower (Fig. 11, Fig. ES11). A converted 6-m
cargo container located at the base of the tower
served as a laboratory. A second cargo-container
chemistry laboratory was installed in 2008.

Dust transport and African climate: African
studies. A wide range of studies has been carried
out at Ragged Point over the past 50 years. An
important aspect was that they show how dust
transport across this huge region is linked to the
climate in North Africa. Figure 12 shows the record
of annual mean dust concentrations at Barbados
from 1965 to 2011 along with Sahel precipitation
anomalies, which serve as a proxy for large-scale
meteorological changes over North Africa. The
dust data in the figure are coded according to
the publication in which the data first appeared.
This relationship to rainfall was first discerned in
the early 1970s when concentrations increased
sharply, coincident with the onset of prolonged
drought in West Africa (Prospero and Nees 1977).
The greatest concentrations over the entire re-
cord occurred in the mid-1980s when drought
was most severe (Prospero and Lamb 2003;
Prospero and Mayol-Bracero 2013), the worst
in the twentieth century (Mbourou et al. 1997;
Nicholson 2013). The long-term variability of dust
concentrationsatBarbados parallelsthatofduststorm
activity across North Africa (Mbourou et al. 1997).
It is also notable that throughout the record
some of the largest peaks occur in years that
are associated with exceptionally strong ENSO
events: 1972/73, 1982/83, 1987, 1992, 1997/98
(Prosperoand Nees 1986; Prosperoand Lamb 2003).
There are many aspects of the link between climate
and African dust generation and transport that are
not fully understood and that remain a subject of
debate (e.g., Evan et al. 2016; Ginoux et al. 2012;
Ridley et al. 2014; Jury and Jiménez 2021). The dif-
ficulties that models have in producing consistent
results are one consequence of these uncertain-
ties. It is especially challenging to understand the

Fig. 10. The first University of Miami research facility
located on the easternmost end of Ragged Point, 1971
(13.165040°N, 59.432070°W). The filter heads were
located at the top of the fold-over masts. Several years
later, the masts in the photo were replaced by a 10-m
fold-over tower that was used until 1989.

Fig. 11. The University of Miami Barbados Atmospheric
Chemistry Observatory, Ragged Point, from 1989 to
present. The aluminum walk-up scaffold tower is 17 m
tall; the elevation of Ragged Point is 30 m. The structure
at center and the one on the right are the University
of Miami laboratories, converted 6-m ship containers.
The building on the left is the laboratory of the Ad-
vanced Global Atmospheric Gases Experiment (AGAGE)
program (Archibald et al. 2015; see the section “The
impact of African aerosol transport on air quality” in the
supplement). The view in the photo is to the northeast.
See Fig. ES11 for other images related to site facilities.

factors that drive unusually large dust outbreaks such as the historically intense “Godzilla”
event that occurred in June 2020. This outbreak impacted an immense area of the Tropical
Atlantic, Caribbean Basin, and the Southern United States for over two weeks (Pu and Jin
2021) as discussed in the supplement and shown in Fig. ES12.

Today, the site at Ragged Point is an official facility of the University of Miami: the Barbados
Atmospheric Chemistry Observatory (BACO; https://baco.rsmas.miami.edu/history/index.html).
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BACO is directed by C. Gaston at 25
the Rosenstiel School. The pro-
gram focuses on aerosol chem-
istry and particle properties.
African dust remains a major
theme along with research that
seeks to relate dust transport
and properties to sources and
processes in North Africa, es-
pecially climate. Also, of inter-
est is the role of aerosol “aging”
during transport. Activities at
BACO are coordinated with M.
Pohlker at Max Planck Institute 0
for Atmospheric Chemistry

(MPI’ Mam.z). MPI carries out wsm Delany et al., 67 & Prospero 68 ~ msm Prospero & Nees, 1977
an extensive program that == Prospero & Nees, 1986 === Prospero & Lamb, 2003
focuses prlmarlly on aero- w Prospero, 2014 =e=5SPA Previous Year

sol physical properties (e.g., Fig. 12. Barbados annual mean dust concentrations and June-October
Kandler et al. 2018). The BACO  gahel precipitation anomalies (SPA), 1965-2011. The dust data are color
site is also widely used by in-  coded to identify the publications where the data were first presented.
vestigators from other institu- Note that the right axis scale is inverted. SPA data are taken from www
tions under arrangements with Jisao.washington.edu/data_sets/sahel/. Anomalies were calculated from means
the University of Miami (UM) over the period 1950-2011. [Figure from Prospero et al. (2014), replotted.]

and coordinated with MPI. MPI

Hamburg operates the Barbados Cloud Observatory (BCO) on Deebles Point, a promontory
about 0.5 km southeast of BACO (see Fig. ES1). At BCO they carry out an extensive program
that focuses on radiation and cloud processes (Stevens et al. 2016).

Over the years, the aerosol chemistry research on Barbados attracted the attention of a
broad group of the atmospheric community and many programs were initiated on the island.
A summary of these activities is presented in the section “Ancillary programs on Barbados
deriving from University of Miami research at Ragged Point” in the supplement.

Barbados research has been complemented by long-term aerosol studies initiated over the
past 20 years at sites in the eastern Caribbean. The University of Puerto Rico, under the direc-
tion of Olga Bracero-Mayol, operates an atmospheric research facility at a coastal site on Cape
San Juan (18.3814°, —65.6182°) on the easternmost end of the island (Denjean et al. 2016). These
studies are coupled with aerosol, cloud, and precipitation research (Valle-Diaz et al. 2016)
at a mountain site on top of El Yunque (18.3106°, —65.7927°, elevation 1,080 m). Air qual-
ity monitoring is carried out on Martinique (14.70°, —61.02°), Guadeloupe (16.26°, —61.55°),
and French Guiana (4.94894°, —52.30969°), all departments of France. These programs have
produced a valuable continuous aerosol (PM, , and PM, ) time series that begins in the early
2000s (see Prospero et al. 2014, 2020). It is expected that more air quality sites will be acti-
vated in the region as governments continue to address issues of aerosols and public health.
These measurements, made at a time resolution of one hour, have greatly enhanced our un-
derstanding of African dust transport to the region by presenting a detailed synoptic picture
of dust clouds as they move through the region.
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Conclusions
The purpose of this paper was to document the discovery of African dust transport to the west-
ern Atlantic. We have shown that there were multiple “discoveries” and that in each case the
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discoverers were not seeking dust. Serendipity has played a major role in these discoveries.
However, following the pioneering studies by Parkin and Delany group in 1965-66, develop-
ments moved rapidly. By the end of BOMEX in 1969, the studies of Carlson and Prospero had
firmly established all the basic elements of African dust phenomenon. This was accomplished
without any specific funding for dust studies.

Today, given the clearly visible impact of African dust incursions in the region, we wonder
why nobody was motivated to examine these events more closely. Even after the nature of these
dust events was characterized in the late 1960s, the meteorological community was slow
to consider their possible impact. For example, during BOMEX in 1969, Prospero discussed
his ongoing measurements with one of the leaders of the program. His response was to caution
Prospero that Africa was “five synoptic situations away” and that the dust events were unlikely
to have much meteorological significance. A week later, Prospero briefly returned to Miami to
make a presentation to a review panel from the Office of Naval Research which was funding
his bubble fractionation research. When he discussed his dust studies in BOMEX, the panel
advised him that they did not see dust as having much relevance to ocean studies; they sug-
gested that the meteorological community might be interested.

The disinterest in dust at that time reflected a general lack of appreciation of the importance
of long-range transport and the role of aerosols in climate. It was not until the 1980s that the
importance of aerosols began to be recognized, especially the significance of mineral dust
aerosols, the production of which, as noted, was affected by climate change and which can
itself modulate climate. It was not until the third IPCC report (IPCC 2001) that aerosols were
given prominent attention. Today, the atmospheric and ocean communities are both heavily
engaged in dust research.

Given the broad impact that African dust has had in the western Atlantic, there are concerns
about the effects that future climate change might have on dust emissions in Africa. However,
models used in the recent IPCC assessments could not agree on projections for precipitation
and winds in those regions of Africa that are today known to be the most active dust sources
(e.g., Evan et al. 2016). Indeed, dust models have difficulty estimating current emission rates.
In a recent comparison of 15 models participating in the fifth phase of the Coupled Model
Intercomparison Project (CMIP5), the global dust emissions in these models vary by a factor
of 4-5 (Wu et al. 2020). Much of this uncertainty is due to a piecemeal approach to research
in major source regions. Although major programs have focused on specific regions in North
Africa (as discussed in Knippertz and Stuut 2014) at different times over the past several
decades, there is a need for a more integrated approach.

In this context, it might be helpful to have a history of dust research in North Africa where
much early work on dust processes was carried out during a time period that parallels that
covered in this present work. Also, in this way, the pioneers in African dust studies receive
proper recognition for their research which is often overlooked.

In past decades, dust measurements on Barbados have served as a critical dataset for test-
ing models. It is important to continue aerosol studies at Barbados and sites in the Caribbean
Basin so that changes in emissions and transport can be accurately and systematically
monitored and characterized, thereby furthering our understanding of the interlinked roles
of dust and climate.
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