
 y To promote collaborations 
among scientists in the region 
to focus on specific research 
goals.

Over 100 participants, including sci-
entists and students, from all over 
the world (e.g., Mexico, Dominican 
Republic, Martinique, Cuba, 
Israel, Denmark, Germany, France, 
Switzerland, United Kingdom, 
USA, Puerto Rico) attended mak-
ing it a truly international event. A 
total of 80 abstracts in the fields 
of (1) Characterization of Dust 
Properties, (2) Transport, Deposition, 
Heterogeneous Reactions, (3) 
Modeling, (4) Impacts on Climate 
and Response to Climate Change, 
and (5) Impact on Health were 
presented. The breakout work-
ing group sessions were organized 
around the same five theme areas. 
The meeting brought together 
some of the most recognized inves-
tigators in this field as keynote and 
invited speakers to present their 
research results and to lead dis-
cussions on research needs. The 
plenary speaker and co-chair of the 
workshop was Joseph M. Prospero, 
from University of Miami, Florida, 
USA, who starting 45 years ago 
pioneered research in the trans-
port of soil dust by studying the 
trade winds on Barbados, where he 
gradually built up a first-class atmo-
spheric chemistry station which 
continues in operation to this day. 

Interest is growing in the long-
range transport of mineral dust and 
its impact on climate, human health, 
and ecosystems. The largest dust 
sources are located in the northern 
hemisphere and, of these, the most 
intense and persistently active are 
those located in North Africa, which 
emits about half of the global total. 
Every year, large amounts of African 
dust are transported by the trade 
winds over vast areas of the North 
Atlantic to the Americas (specifi-
cally the Caribbean, southeastern 
USA, Central America, and South 
America). 

In recent years, there have been 
a number of intensive dust field 
studies in West Africa (e.g. SAMUM 
and AMMA) but there have been 
no comparable studies over the 
Atlantic or Caribbean. Consequently, 
there is limited understanding of 
the physical, chemical, and radiative 
properties of the particles and how 
they might change during trans-
port from Africa to the Americas. 
This also makes it difficult to under-
stand the impact of dust on climate, 
human health, and ecosystems. 
This is especially true for the under-
studied Caribbean, a region heavily 
influenced by trade winds and hurri-
cane storm tracks, which frequently 
transport African dust, that play a 
crucial role in climate by serving as 
an atmospheric conduit between 
tropical and extra-tropical regions.

First International Workshop on the Long-Range 
Transport and Impacts of African Dust on the Americas 

San Juan, Puerto Rico  •  6-11 October 2011

Olga L. Mayol-Bracero

Institute for Tropical Ecosystem Studies, University of Puerto Rico,  
Río Piedras, PR

To address these and other issues, 
the First International Workshop 
on the Long Range Transport and 
Impacts of African Dust on the 
Americas was held in San Juan, 
Puerto Rico, at the Intercontinental 
San Juan Hotel on 6-9 October 2011. 
The workshop provided a scien-
tific forum for specialists on topics 
related to the long-range transport 
and impacts of mineral dust in the 
atmosphere, but with emphasis on 
African dust and its transport and 
impacts on the Americas. 

The specific objectives were:

 y To review the state of our 
knowledge about African dust 
transported to the Americas 
and how climate change 
might affect this transport.

 y To bring together rel-
evant information about 
long-range transported dust 
from research carried out in 
other regions. 

 y To identify dust-related scien-
tific questions which need to 
be addressed in this area. 

y To discuss how to coordinate 
measurements and activities 
in the region in order to gain 
a better and more coherent 
understanding of the impacts 
of African dust across the 
region. 

IGAC Activities
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Workshop Summary

The workshop featured oral and poster sessions with no parallel sessions. There was ample time for informal as 
well as working group discussions. Some of the workshop achievements are summarized in the following article. 
More information about the workshop, including presentations can be found at http://cohemis.uprm.edu/dust/.

The workshop was supported by IGAC, University of Puerto Rico-Río Piedras, University of Puerto Rico-Mayaguez, 
Merck, COHEMIS, NCAS, LTER, ITES, and RISE. 
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dust “hot spots” [Okin et al., 2011] 
such as dry lakes, plyas, and wadiis as 
contrasted to larger-scale terrain char-
acteristics and climate [Bullard et al., 
2011]. Of particular importance, and 
still highly uncertain, is the role of 
anthropogenic land disturbance in dust 
mobilization [Mahowald et al., 2010]. 
We also lack a good understanding as 
to the major meteorological drivers of 
dust emissions: e.g., frontal systems, 
haboobs, mesoscale cyclonic systems, 
and turbulent processes. In reality, all 
of these processes may play a funda-
mental role in dust sources and the 
relative importance of these processes 
could change with season and with 
changing climate [Engelstaedter et al., 
2007; Williams, 2008]. 

However, dust can itself impact atmo-
spheric and ocean processes to a 
degree that could affect weather and 
climate over the Basin. Of particular 
interest is the impact of dust on the 
life-cycle of tropical cyclones. There 
is evidence that high concentrations 
of dust tend to modulate the growth 
of cyclones [Dunion and Velden, 2004]. 
Evan et al. [2011] suggest that varia-
tions in dust transport over time can 
be negatively correlated to sea-surface-
temperature changes over the tropical 
Atlantic. These changes, in turn, could 
be linked to the suggested negative 
correlation between Atlantic dustiness 
and hurricane activity.

In order to assess the impact of dust 
on the Caribbean Basin we need to 
carry out studies of aerosol properties 
over the region and their relationship 
to meteorological features ranging 
from synoptic scale to the cloud scale. 
The fundamental physico-chemical 
processes affecting dust particles 
are poorly understood. Of particular 
interest is the effect of atmospheric 
processing on particle properties dur-

lated at Barbados and Miami by the 
University of Miami research group 
[Prospero, 1999; Prospero and Lamb, 
2003]. The studies on Barbados began 
in 1965 and in Miami in 1974 and they 
continue to this day, Figure 1. The 
Barbados record shows that large 
changes have occurred which ini-
tially seemed to be clearly linked to 
African climate [Prospero and Lamb, 
2003], Figure 2. Transport dramatically 
increased early in the record in appar-
ent response to drought in the early 
1970s and again, and most severely, in 
the 1980s. Over this period trade wind 
dust concentrations were highly anti-
correlated to Sahel rainfall, which was 
used as a proxy for general changes 
in source-region climate [Prospero 
and Lamb, 2003]. There were also 
suggestive relationships to major cli-
mate indices (e.g., ENSO, AMO, NAO). 
However, since the late 1980s, the 
Barbados record shows no relationship 
to Sahel rainfall or to climate indices. 
The absence of clear linkages makes 
it difficult to predict how dust emis-
sions and transport might change over 
the coming decades. The problem is 
exacerbated by the inability of models 
[IPCC, 2007] to agree on rainfall trends 
over large areas of North Africa (includ-
ing the Sahel) that are known to be 
major dust sources.

If we wish to predict future trends in 
the Caribbean Basin and their impact 
on the region we need a better under-
standing of the entire dust cycle 
starting with the processes that affect 
dust mobilization in Africa, the meteo-
rological environment that controls 
transport and removal en route, and 
the concentration and properties of the 
aerosols that reach the Caribbean. 

There is a continuing debate about 
the true nature of the most active 
dust sources and the importance of 

North Africa is the source of about half 
of the global mineral dust emissions 
[Huneeus et al., 2011]. A large fraction 
of these emissions are transported 
by the trade winds over vast areas 
of the North Atlantic, the Caribbean, 
southeastern USA, Central America, 
and South America [Swap et al., 1992; 
Prospero, 1996; Prospero, 1999; Formenti 
et al., 2001; Prospero and Lamb, 2003; 
Reid et al., 2003]. There is no other 
ocean area that is so extensively and 
persistently impacted by such high 
concentrations of dust, a region that 
extends over 7000 km from the coast 
of Africa to the Caribbean islands and 
continental shores - the Caribbean 
Basin. In effect, the Caribbean Basin 
is the “receptor” site of the Saharan 
“source”. Dust is believed to impact 
many aspects of climate [Forster et al., 
2007] and marine biogeochemical pro-
cesses, most importantly through the 
impact of dust-Fe on marine primary 
productivity [Jickells et al., 2005]. In 
order to assess the impact of dust on 
this region we need a better under-
standing of the factors that affect the 
transport of dust, the physical and 
chemical properties of the transported 
materials, and how these might change 
during transport. These questions were 
the focus of the First International 
Workshop on the Long-Range Trans-
port and Impacts of African Dust on 
the Americas, which took place in San 
Juan, Puerto Rico, in October 2011. 
Here we present an overview of the 
principal conclusions.

Understanding African Dust 
Transport, Meteorology, and 
Climate
Our understanding of the large-
scale aspects of dust transport to the 
Caribbean Basin rests largely on the 
long-term aerosol record accumu-

Improving our understanding of African dust transport  
using the Caribbean Basin as the receptor 
Joseph M. Prospero1 and Olga L. Mayol-Bracero2

1The Cooperative Institute for Marine and Atmospheric Studies (CIMAS), 
Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, Florida, USA
2Institute for Tropical Ecosystem Studies, University of Puerto Rico, Río Piedras Campus, San Juan, Puerto Rico
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http://barbados.zmaw.de/].

There are now a number of on-line 
dust forecast models. These predict 
dust emissions and transport using 
meteorological fields from weather 
forecasts. A summary of nine models 
can be found at the Sand and Dust 
Storm Warning System (SDS-WAS) web 
site [http://sds-was.aemet.es/forecast-
products/dust-forecasts] that has links 
to the individual forecast products. Of 
these, six include the Caribbean Basin 
and the Americas in their coverage. 
Dust measurements made over the 
Caribbean Basin will provide data that 
is critically needed to test models and 
to improve their performance.

Dust Particle Characterization
The impact of dust particles on cli-
mate, ocean productivity, and human 
health will ultimately depend on the 
properties of individual particles. These 
properties will change during transit, 
most notably in the shift of the par-
ticle size spectrum to smaller sizes, but 
also because of chemical processing 
(“aging”) during transit. The impact of 
these processes would be most notice-
able in dust-laden air masses that mix 
with pollutants (e.g., European pollut-
ants mixing with dust over the Sahara). 
Of particular interest is the effect on 
Fe solubility. At present, the assess-
ment of the impact of dust on ocean 
primary productivity is limited by our 
lack of understanding of the proper-
ties that render Fe “bioavailable”. In 
the absence of a specific understand-
ing of those factors, Fe “solubility” is 
used as a proxy. However, there is no 
general agreement as to a specific pro-
tocol for determining “solubility” [Buck 
et al., 2010]. Therefore, there is a great 
need for a more coordinated approach 
that combines laboratory, field obser-
vation, and modeling experiments to 
test hypotheses regarding the mecha-
nisms of iron dissolution and to assess 
their relative importance in different 
environments [Trapp et al., 2010]. The 
Caribbean Basin, as the receptor of 
African dust, is ideal for such studies 
because of the dominance of African 
dust in the region relative to other dust 
and pollution sources, and because of 

ties to reproduce dust concentrations 
and deposition. Model development 
is greatly hampered by the dearth of 
dust measurements in ocean envi-
ronments. To be useful, dust models 
must ensure the correct description 
of all processes controlling dust mobi-
lization and distribution including 
the evolution and persistence of the 
strong stratification of dust layers. 
These layers may themselves be influ-
enced by the impact of dust aerosol 
on atmospheric heating rates. Dust-
cloud interactions will influence wet 
deposition and the mechanisms affect-
ing dry deposition to land and water 
surfaces. Early research [Carlson and 
Prospero, 1972] postulated the exis-
tence of the Saharan Air Layer (SAL) 
- a hot, dry layer in which the highest 
dust concentrations were found. While 

the SAL is a persistent feature over 
the region [Dunion, 2010], lidar stud-
ies on Barbados carried out by the 
University of Miami and the Max Plank 
Institute, Hamburg, show that the there 
is considerable variability in dust distri-
butions [http://mplnet.gsfc.nasa.gov/
cgi-bin/Mplnet/site_page_direct.cgi/
allsite=Ragged_Point and

ing transport. It takes about a week for 
dust to cross from the coast of Africa 
to the western Atlantic and as much as 
two weeks from the sources in the cen-
tral Sahara to the western Caribbean. 
To address these issues we need 
intensive field campaigns over the 
Caribbean similar to those carried out 
over West Africa in AMMA [Mari et al., 
2011] and SAMUM [Heintzenberg, 2009] 
during the past decade. Except for the 
limited-scale PRIDE experiment held in 
Puerto Rico in 2000 [Reid et al., 2003] 
there have been no comparable stud-
ies over the Caribbean Basin. It would 
be most productive to coordinate 
intensive field measurements over the 
Caribbean with similar measurements 
over West Africa so as to characterize 
the changes in aerosol properties that 
occur during transit.

Dust Models
Models are essential to the develop-
ment of understanding the entire dust 
cycle. However, dust models are in an 
early stage of development. A recent 
intercomparison of 15 models in the 
AEROCOM project [Huneeus et al., 2010] 
shows large disparities in their abili-

Science Feature

Figure 1. The University of Miami Atmospheric Chemistry Research Station, Ragged Point, 
Barbados.
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the long historical record of dust which 
can serve as a context for broader 
studies. 

Impact of Dust on Health
The concentration of African dust and 
other aerosols in the Caribbean Basin 
often exceeds the air quality standards 
linked to health effects. However, 
there has been little research on health 
effects in this region. Of particular 
interest is the possible role of dust on 
asthma; asthma rates are high in the 
region, comparable to those in urban-
industrial environments. Despite the 
evidence of possible health impacts, 
there has been little research on the 
causative factors. Furthermore, there 
is very little data on aerosol properties 
that might help to identify linkages 
to health, e.g., we lack the simplest of 
metrics, PM2.5 and PM10 concentrations. 

There is a clear need to build an evi-
dence-base for human health effects 
including studies at the population 
level and at the individual level, includ-
ing vulnerable populations (i.e., the 
young and the aged). Scientific areas 
of interest include studies of: individ-
ual and population health including 
long versus short term health effects; 
acute versus chronic exposure; the 
conflicting findings related to the 
effect of African dust on asthma in 
the Caribbean; the effects on normal 
versus susceptible individuals. Other 
areas of interest are the mechanisms 
by which dust and other aerosols act 
to impact health and, specifically, the 
identification of the components in 
dust that have health implications: 
allergens, biological materials, fungal 
spores, metals (iron, aluminum, arse-
nic, lead, cadmium), endotoxins, and 
organics.

Unfortunately, there is a dearth of 
funding for studies of health effects 
linked to natural species such as dust 
because funding agencies focus on 
anthropogenic impacts. The com-
munity must increase the advocacy 
of natural impacts studies, heighten 
public and governmental awareness, 
and engage the policy community. 
There have been a few studies of the 

health impacts of mineral dust in the 
dust-rich environments of West Africa 
[De Longueville et al., 2010]. Such stud-
ies might serve as a useful source of 
information to assess impacts in the 
Caribbean. Over the longer term, there 
should be an effort devise protocols 
that could be used in both regions so 
that the results can be compared and 
contrasted in a quantitative manner. 

While there was considerable enthusi-
asm for the study of health effects of 
African dust in the Caribbean regional 
community, the obstacles to such stud-
ies include a lack of uniform approach 
to exposure assessment and the 
absence of methods to quantify African 
dust exposure on the “ground level” 
and at the individual level. There is a 
need to develop remote sensing tech-
niques and models that could be used 
for estimating ground level exposures 

of populations in general. 

Finally, we need to develop means of 
communicating risk to impacted pop-
ulations and to design interventions 
based on the human health effects. 
Approaches include the issuance of air 
quality alerts based on real-time moni-
toring networks, remote sensing data, 
and modeling forecasts. In this context, 
we need to develop response plans, to 
educate leaders and the general pub-
lic, and to use social media to heighten 
awareness. 

Summary 
In light of the long-term changes 
observed in the Barbados dust record, 
there is a clear need for long-term 
measurements that focus on character-
izing trends in aerosol concentrations 
and any associated changes in critical 
aerosol properties. Aerosol sites should 
be established at various locations in 
the Caribbean Basin so as to better 
characterize the temporal and spatial 
variability of African dust and also of 
aerosols from other sources. Sampling 
should conform to PM2.5 and PM10 pro-
tocols so that the potential for health 
impacts could be better assessed. 
Precipitation collectors should be co-
located with the aerosol samplers so as 
to better characterize deposition rates 
and chemistry in relation to aerosol 
concentrations and properties. 

It is important to link measurements of 
aerosol properties over the Caribbean 
Basin to those in the source region, 
North Africa, and, furthermore, to 
relate these measurements to those of 
aerosols made over other continental 
regions. To this end at least two aerosol 
“super sites” should be established 
with instrumentation comparable to 
the super sites designed for air quality 
studies in the US. These sites should 
have extensive and remote sensing 
capabilities. One site should be near 

Figure 2. Monthly mean (three-month moving average) African dust 
concentrations measured in Trade Winds on Barbados, 1965 - 2008. 
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the coast of Africa, possibly the SOLAS 
station on Sao Vincente, Cape Verde 
Islands, or on Tenerife, Canary Islands, 
where a well-developed WMO site 
already exists. The second site should 
be in the Caribbean, most logically at 
Ragged Point, Barbados [http://www.
rsmas.miami.edu/users/barbados-
dust/], a research site for over forty 
years which has the infrastructure to 
support a long-term site. The Max 
Plank Institute, Hamburg, also carries 
out cloud microphysical studies on 
Barbados [http://barbados.zmaw.de/]. 

There is a need to facilitate education 
and training in aerosol measurements 
in the region. The University of Puerto 
Rico – Río Piedras could serve this func-
tion based on their ongoing research 
activities. These include two research 
sites: (1) the aerosol monitoring pro-
gram at Cape San Juan site located on 
the easternmost-end of Puerto Rico 
(in operation since 2004, with the sup-
port from NOAA ESRL [http://www.
esrl.noaa.gov/gmd/aero/net/cpr/
index.html]), and (2) the cloud forest 
site, Pico del Este, in El Yunque National 
Forest (elevation of 1051 masl), where 
studies on aerosol-clouds interactions 
are taking place. 

Given the scope and complexity of the 
African dust phenomenon, it is clear 
that the full assessment of its impact 
on the Caribbean Basin will require 
a coordinated international research 
effort. We see the need for an orga-
nizational mechanism that would 
facilitate such a broad-scale integrated 
research program.
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Where are you from?

I am from Cidra, Puerto Rico.

Where did you receive your undergradu-
ate and graduate degrees and in what 
subjects?

I received my undergraduate 
degree (BS) in Chemistry at the 
University of Puerto Rico, Río 
Piedras Campus. I am currently 
doing my doctoral degree in 
Analytical Chemistry at the same 
university.

Where and what is your current position?

I’m currently a third year doc-
toral student in analytical 
chemistry doing research in an 
atmospheric chemistry laboratory 
at the University of Puerto Rico, Río 
Piedras Campus.

What is your current area of research?

My current area of research is deter-
mining the impact long range 
transported African dust has on 
cloud properties and processes 
in a Caribbean tropical montane 
cloud forest (Pico del Este, located 
in El Yunque National Forest at 
Luquillo, Puerto Rico) as part of 

the Puerto Rico African Dust and 
Cloud Study (PRADACS) campaign 
funded by the NSF in which my the-
sis advisor Dr. Olga L. Mayol Bracero 
is the principal investigator. I seek 
to address the following hypoth-
esis: The presence of long-range 
transported African dust produces 
changes in the chemical and physi-
cal properties of aerosols, clouds, 
and rainwater in the tropical mon-
tane cloud forest of Pico del Este. 

What aspect of your research are you 
most excited about?

I’m always excited during field cam-
paigns. I enjoy going to Pico del Este 
and being part of the clouds. It never 
bores me to use the cloud collec-
tors to obtain cloud water, especially 
during dust events when the water 
turns orange. During these cam-
paigns, I value the knowledge that 
I have obtained from participating 
collaborators. With their instruments 
and experiences from previous stud-
ies, I have learned so much about 
aerosol-cloud interactions and the 
sampling strategy and instruments 
to approach this type of study.

Who throughout your life had the great-
est impact on you deciding to pursue a 
career in atmospheric science?  

My decision to pursue a career in 

atmospheric science came all of the 
sudden to me. I am grateful of the 
path I’ve chosen to study chemistry.  
I had no trouble in choosing atmo-
spheric sciences. It outweighed 
the other branches of environmen-
tal science. It is the area that I felt 
most passionate to learn and exe-
cute. Working with Dr. Rafael Arce 
in an atmospheric photochemistry 
laboratory during my undergradu-
ate years helped me realize that 
I was looking forward for a more 
field based research rather than 
a purely theoretical one. And it 
is contradictory since I consider 
myself a theoretical scientist. But, 
atmospheric science is so multi-
disciplinary that I can have a dose 
of theory, modeling, and field work 
at the same time. I couldn’t ask for 
anything better. I am blessed to be 
pursuing a doctoral degree with 
Dr. Olga L. Mayol-Bracero since my 
research with her keeps confirming 
that atmospheric chemistry is my 
future.

Is there a goal or dream that you are try-
ing to accomplish as a scientist?

 y Ever since I fell in love with sci-
ence, I pictured myself making 
a discovery that would impact 
both the scientific and pub-
lic community. I wanted to be 
known throughout history as 
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