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Abstract: Aerosols have implications to climate and biogeochemical cycles in the global 
oceans. At sites under indirect influence of dust emitted by the Patagonian semi-desert, a 
debate exists on the potential fertilization effects of iron enriched aerossol. Considering 
this subject we conducted measurements of aerosols optical properties using a 
Microtops II sun photometer to access aerosol size distributions and other intrinsic 
properties oversea from Atlantic Southern mid-latitudes to Antarctica. Oceanographic 
cruises were developed between December 2010 to April 2011 and October 2011 to 
April 2012, in the context of the Brazilian Antarctic Program, and between November 
2011 to December 2011. This survey was taken as part of the Global Maritime Aerosol 
Network (MAN/NASA). Our data of AOD (500 nm) along the South American coast depicts 
a steady decrease southwards following the decreased latitudinal continental extent. 
However, the influence of the aerosols blown from Patagonia semi-desert region was 
clear from latitude 53⁰S to 64⁰S. The predominance of aerosol fine mode was observed 
in Central Atlantic and close to the Drake Passage. An unexpected aerosol coarse mode 
predominance was found close to the Antarctic Peninsula. We attribute that to a possible 
weathering of rock outcrops due to the strong westerly winds in that region.

Key words: Aerosols, South Atlantic, AOD, Antarctica, Maritime Aerosol Network.

INTRODUCTION

Aerosols play a role in the climate control through the energy balance by the absorption or scattering 
of solar radiation. They take part in the formation of clouds and precipitation, influencing the albedo 
and the atmospheric visibility (Aoki et al. 2006, Redmond et al. 2010). Moreover, their composition, 
size distribution, and chemical reactions in the atmosphere can contribute to the air heating or 
cooling influencing biogeochemical cycles in terrestrial and marine environments as a whole (Duce 
& Tindale 1991, Mahowald et al. 2009, Baker & Croot 2012). 

According to Mcmurry (1999) and Kulkarni et al. (2011), aerosols suspended in the atmosphere are 
two-phase systems, consisting of a solid or a liquid phase, with a surrounding gas phase. They can 
have lithological, marine, biogenic, anthropic or cosmogenic origins and, according to their formation 
processes, they can be primary or secondary, that is, reach the atmosphere directly from the source 
or through chemical reactions, respectively (Claeys et al. 2010, Kulkarni et al. 2011). The oceans are one 
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of the most important sources of aerosols. The predominant type is the sea salt, found in the aerosol 
coarse mode. They are emitted from oceans’s surface through sea spray and breaking bubbles and 
waves. A second important type is originated from Dimethyl Sulfide (DMS) degassing derived from 
blooms of algal biomass. DMS is oxidized in the atmosphere producing, sulfate aerosols that act as 
condensation nuclei (Seinfeld & Pandis 1998, Wilson 2011). Those from continental origin, such as 
volcanic ash and semi-desert dust stand out as natural sources. They may reach the oceans, where 
they participate in biogeochemical cycles related to primary productivity (Martin & Fitzwater 1988, 
Moore et al. 2013). 

Depending on the type, source and interactions in the atmosphere their size may vary between 
1 nm to 100 μm. The optical properties of aerosols derive from their interactions with solar radiation 
of short and long wavelengths, which involve absorption, reflection, and refraction (Shaw et al. 
1973). They may be represented by the aerosol optical depth (AOD), Ångström coefficient, albedo 
scattering, linear extinction coefficient, relative phase function, and refractive indexes (Wilson 2011). 
AOD measures the extinction of direct solar radiation, at different wavelengths, when it passes 
through the atmosphere. Estimates of the aerosol size can be achieved optically by the Ångström 
exponent (α) since it is a parameter that describes the relationship between the optical thickness of 
an aerosol type and the wavelength of the sunlight. The Ångström exponent is inversely related 
to the average size of the aerosols (Evangelista et al. 2010, Moore et al. 2013. Particularly over the 
Argentine Continental Shelf, the Southern Atlantic and corresponding Southern Ocean Sector a 
debate exists on the potential role of dust storms carrying iron enriched aerosols to the increase of 
primary productivity (Meskhidze et al. 2007). Iron solubility and bioavailability are crucial to trigger 
phytoplanktonic blooms and are parameters linked to the chemical composition and size distribution 
of rosols. Therefore, measuring aerosol optical properties oversea allow characterizing their size 
distribution and may infer the potential role of aerosols to “ocean fertilization”. Additionally, these 
properties are fundamental to study the relation between aerosols and cloud formation in the 
marine environment (Smirnov et al. 2011).

The objective of the present research is to survey the aerosol optical properties at the 
Southwestern Atlantic and corresponding Southern Ocean Sector from in situ measurements, using 
a sun photometer during oceanographic campaigns in 2010, 2011 and 2012, in the context of the 
Brazilian Antarctic Program and the Global Maritime Aerosol Network under the support of NASA 
Goddard Space Flight Center (Smirnov et al. 2002). 

MATERIALS AND METHODS
Oversea measurements and study region 
Optical measurements were taken onboard the Polar Vessel NPo Almirante Maximiano of the Brazilian 
Navy during the austral spring-to-summer seasons. Two cruises (1A and 1B) covered the coastal region 
from Rio de Janeiro City, in Brazil, (22.924°S; 43.259°W) to the Northern Antarctic Peninsula (64.102°S; 
56.393°W) enclosing the Southwestern Atlantic, the Drake Passage and the South Shetland Islands 
from December 8, 2010 to April 24, 2011 and from October 8, 2011 to April 28, 2012. A second vessel, 
Hydro-oceanographic R/V Cruzeiro do Sul, covered a track from Southern Africa (33.903° S; 18.425 °E) 
to Central South Atlantic (35°S; 26.358°W) between November 7, 2011 to December 14, 2011 (Figure 1). 
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Data acquisition 
The measurements were performed using the handheld sun photometer Microtops II (Supplementary 
Material - Figure S1) which database is available from the Maritime Aerosol Network (MAN) website 
(http://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol_network.html). A component of the 
AErosol RObotic NETwork (AERONET), from NASA (Wilson et al. 2010, Smirnov et al. 2002). MAN operates 
oversea during vessel expeditions using a standard manual portable sun photometer (Wilson et al. 
2010, Smirnov et al. 2002). 

The equipment performs spectral measurements of direct solar radiation attenuation over 
the ocean and light scattering angular properties, acquiring accurate measurements from aerosol 
optical properties along atmospheric column through five spectral channels, that can be disposed in 
different combinations, between the spectral bands from 340 nm to 1020 nm. (Smirnov et al. 2002light 
absorption coefficient, and single scattering albedo (omega(0). 

The sun photometer Microtops II calculates AOD spectral values in the wavelengths 440, 500, 
675 e 870, total water vapor in the specific atmospheric column from the bandwidth 940 nm, Zenital 
angle and α. All data available in MAN has been calibrated by Spectral Deconvolution Algorithm 
(SDA), which generates three quality levels: level 1.0 (unscreened), level 1.5 (cloud screened) and 2.0 
(cloud screened and quality assurance). The third one has high quality control and accuracy, since 

Figure 1. Location of measuring points: Cruise1A: Expedition NPo Almirante Maximiano 2010-2011 (purple); Cruise 
1B: Expedition NPo Almirante Maximiano 2011-2012 (green); Cruise 2: NHo Cruzeiro do Sul Expedition 2011 (orange). 
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its calibration has been tested in various optical conditions and also calculates α, classifying the 
particle in coarse or fine mode. (Smirnov et al. 2011). In this study, level 2.0 algorithm was applied to 
the dataset and the bandwidth at 500 nm was chosen as a standard, to help comparisons with past 
studies, which have the same subject and uses this wavelength. The average of the measurement 
results are shown in table I.

Measurements were made according to clarity and clear sky conditions, aiming the equipment 
directly to the sunlight, during daylight when the sun was not obstructed by clouds and when the 
solar zenith angle not too large. The first cruise (1A) in Southwestern and Austral Oceans had 111 
measurements, while the second (1B), 1188. The cruise in Central Atlantic Ocean had 187 measurements 
(or samples). 

Microtops II calculates the direct solar radiation to acquire AOD, α and water vapor, which is 
defined by the Beer-Lambert-Bouguer law:

	​ ​V​(λ)​ = ​V​ 0​​​(​​λ​)​​​(​​d​ 0​​ _ d ​)​² ​e​​ ​(​​−m​τ​ t​​​(λ)​​)​​​​​ 	 (1)

where V is the digital voltage of the equipment in each wavelength ​​(λ)​​, representing the solar 
irradiance; ​​V​ 0​​​ is the spectral irradiance from exo-atmosphere, ​​​d​ 0​​ _ d ​​ is the rate between the average ​​d​ 0​​​ 
and the actual (at the time of reading) ​d​ distance between earth and sun a; ​m​ is the solar zenit angle 
and ​​τ​ t​​​(λ)​​ is the total atmospheric optical depth. (Knobelspiesse et al. 2004, Wilson et al. 2010)

When calculate AOD, other atmospheric constituents must be considered. The optical depth due 
to trace gases, water vapor and Rayleigh scattering must be subtracted from the total optical depth 
to obtain just the aerosol component:

	​ ​Τ​(λ)​​ Aerosol​​ = ​τ​ t​​​(λ)​ − ​τ​(λ)​​ water​​ − ​τ​(λ)​​ Rayleigh​​ − ​τ​(λ)​​ ​O​ 3​​
​​ − ​τ​(λ)​​ ​CO​ 2​​

​​ − ​τ​(λ)​​ ​NO​ 2​​
​​ − ​τ​(λ)​​ ​CH​ 4​​

​​​ 	 (2)

Ångström Exponent is the first derivate of AOD in logarithmic scale and can be calculated from 
the wavelengths, typically between 440-870 nm using least squares fit. The first derivate of AOD 
(Wilson, 2011). Values greater than 1.0 indicate fine mode particles and near zero, indicate coarse 
mode particles.

	​ α = − ​(​dln ​τ​ a​​ _ dlnλ ​)​​ 	 (3)

where ​α​ is Ångström exponent; ​​τ​ a​​​ is AOD and ​λ​, the wavelength.
Water vapor parameter has equal importance to define aerosol optical properties and its influence 

in global radiation budget and climate change (Ichoku et al. 2002). The water atmospheric column 
vapor amount determination uses three channels: 675 nm, 870 nm e 940 nm, and the bandwidth 
between 936 e 940 nm comprises a strong vibrational combination interval f water vapor). absorption 
(Halthore et al. 1997). The total transmission (​T​) i calculated for 675 nm e 870 nm using Rayleigh and 
aerosol optical depths. The total transmission for 940 nm (​​T​ 940​​​) is defined through extrapolation. The 
extrapolated transmission at 940 nm is subtracted is subtracted from the measured transmission at 
940nm (​​T​ 940​​​), providing the transmission only due to water vapor (Tw).

	​ ln​[​T​ w​​]​ = ln​[​T​ 940​[medido]​​​]​− ln​[​T​ 940​[extrapolado]​​​]​ ​ 	 (4)

	​ − ln​[​T​ w​​]​ = ln​​​[​​V​ 0 940​​ * ​d​​ −2​​]​​ − ln​[​V​ 940​​]​ − m *​(​​ ​τ​ 940 AOT​​+ ​τ​ 940 Rayleigh​​​)​​ ​​ 	 (5)
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	​ − ln​[​T​ w​​]​ = a * ​​(​​ ​m​ w​​ * u​)​​​​ b​​ 	 (6)

	​ u = ​​​[​− ln ​T​ w​​ _ a  ​]​​​ 
​1 ⁄ b​

​ _ ​m​ w​​  ​​ 	 (7)

where ​u​ is the precipitable water in cm; ​​T​ w​​​ is the transmission due to water vapor; ​a​ e ​b​ are filter-dependent 
constants and ​​m​ w​​​ is the water vapor optical air mass (Schmid et al. 2001, Smirnov et al. 2003).

Data analyses

K-means classification

The K-means classification technique, as proposed by Wilson et al. (2010) and Knobelspiesse et al. 
(2004), was used in this study to group the data into two cluster with similar nature, each one, in 
this case, with AOD (500 nm) and Ångström Exponent daily means values to divide the data into 
aerossol size: fine and coarse mode. The technique begins by randomly selecting your data, then two 
centers clusters were chosen to reflect the statistical difference between them through the minimum 
Euclidean distance. The clustering separation evaluates the quality of the data taken during the 
expeditions.

Air mass back-trajectory model (HYSPLIT/NOAA) 

For a consistent interpretation of the optical data provided by the Microtops II Sun Photometer, 
HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) model was used to run backward 
trajectories of air mass parcels during the measurements along the cruises. The model aims at 
tracing the migration history of the aerosols transported in the air mass parcel. It is available for 
public use at the ARL portal (Air Resources Laboratory) of NOAA (National Oceanic and Atmospheric 
Administration) and it is a hybrid combination of Lagrangian and Eulerian approaches that calculate 
the displacement of air masses and particles concentrations changes along their trajectories. The 
meteorological database used in the modeling was NCEP/ NCAR (National Centers for Environmental 
Prediction / National Center for Atmospheric Research) Reanalysis Project (Draxler & Hess 1998). In this 
work, the air masses backward trajectories were run for 120 hours using daily means measurements 
for each cruise. 

RESULTS AND DISCUSSION
It has been observed that the aerosols in the study region are diverse in nature and highly influenced 
by westerly winds derived of marine, semi-deserts, and volcanic origins (Martin & Fitzwater 1988).

Figure 2 depicts latitudinal and longitudinal values of AOD and Ångström coefficient throughout 
the sampling period in the three transects. They show a predominance of the coarse fraction along 
the coast, over the Atlantic Ocean and Antarctica, with some exceptions of fine fractions nearby the 
coast. Highest AOD values were found in lower latitudes and lowest values in Central South Atlantic 
and Southern South America Oceans. 

The interpretation of the database in Figure 2 was based on previous studies presented as a 
compilation in Table I.
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Database from Cruise 1A 
Regarding the Cruise 1, that refers to Southwestern Atlantic and the corresponding sector of Southern 
Ocean, AOD values ranged from 0.02 to 0.28 during campaign 1A and between 0.02 to 0.26 in 1B, 
while Ångström coefficient ranged from 0.14 to 2 -10 in 1A and -0.02 to 1.5 in 1B, with the highest 
values of both parameters closer to continental borders, as expected. In the Latitudes 20°S and 
30°S there was the highest α values, while between 45°S and 55°S, the lower AOD. The latitudinal 
gradient of AOD, differently from the expected trend based on previous studies (Smirnov et al. 2003, 
Sakerin et al. 2007, Wilson et al. 2010), that is, a steady decrease towards higher latitudes, presented 
a surprising increase between latitudes of 55°S and 65°S (Figure 2a). Figure 2b depicts a two-group 
aerosol classification as fine and coarse modes. According to Knobelspiesse et al. (2004) the group 
classification in a scatter plot supports the inference on aerosol type, where low values of AOD with 
α below 1.0 refer to aerosols predominantly from marine origins, high AOD and α values less than 
1.0 to dust, and high AOD values with α greater than 1.0 to continental aerosols (Smirnov et al. 2003). 
The above classification was performed on basis in the K-means cluster algorithm as proposed by 
Knobelspiesse et al. (2004) and Wilson et al. (2010) as showed in figure 2b. The limit (0.5) of both 
modes different than expected (1.0). The histogram in Figure 2f indicates that the highest frequency of 
α values was between 0.4 and 0.8 and, therefore, represent coarse mode, possibly related to sea salt 
influence and dust blown from the nearby continent. Latitudinal AOD means in different wavelengths 
and α means (Figures 2c, 2d and 2e) demonstrated a decreasing trend in general, except for α means 
in the first cruise (1A) that can be explained because of less measurements comparing to cruise 1B.

Concerning the water vapor content in both cruises it was observed a similar trend with values 
between ~ 0.40 - 4.46 (Figure S2) similar to the studies by Sakerin et al. (2007) and Wilson et al. (2010). 
These data are corroborated with the decadal variability of the satellital specific humidity (Figure 
S2b), processed from the NCEP/NCAR Reanalysis Project. 

The general database allowed distinguish two geographic zones in this research: Southwestern 
South Atlantic coast and Antarctic Peninsula. A greater aerosol amount in atmospheric column was 
observed in Southwestern South Atlantic between latitudes of 20°S and 35°S. According to figure 

Table I. Standard values for aerossol classification by interested geographic locations. 

Region Type of environment AOD α References

General
Classification

Clean environment
Marine
Desert

Continental

0.01
<0.15

0.2-0.4
0.2

-
<1.0-coarse mode

0-0.5- coarse mode
1.0-1.5

Porter et al. 2000
Smirnov et al. 2003, 

Knobelspiesse et al. 2004, 
Toledano et al., 2007

Coast of Africa Coastal/marine 0.03-0.12 Fine and coarse mode Wilson et al. 2010

South Atlantic 
Ocean

Marine
Desert

Continental

<0.1
0.18
0.16

0.0-0.4-coarse mode
0.20
0.89

Knobelspiesse et al. 2004, 
Smirnov et al. 2006, Sakerin et 

al. 2007.

Antarctica
Coastal areas
Open ocean

0.01-0.06
0.5-1.2-coarse mode and fine

0.7+-0.2-coarse mode
Tomasi et al. 2007, Wilson et al. 

2010, Chaubey et al. 2011.
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Figure 2. (a) Distribution of AOD data in the study area; (b) the same for the Angstrom coeficiente. Basic database 
for Cruises 1A and 1B. (a) Latitudinal distribution of AOD (500 nm); (b) K-means cluster analysis of AOD data (500 
nm) with respect to AE Angstrom coefficient identifying two groups: blue (fine mode) and red (coarse mode); 
(c) latitudinal averages of AOD at different wavelengths (cruise 1A); (d) latitudinal averages for AOD at different 
wavelengths (cruise 1B); (e) latitudinal mean values for AE; (f) F: AE frequency distribution: in green: cruise 1A and 
in blue: cruise 1B.
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3, aerosols on Southwestern South Atlantic are concentrated in two main groups, the first one with 
high AOD and α greater than 1.0, indicating fine mode, are possibly aerosols from continental origins 
and the second group comprising aerosols with lower AOD, classified as both fine and coarse mode, 
with a predominance of coarse one. These are possibly from marine origins, such as sea salt, dust 
from Patagonian semi-desert or a mixture of them. The aerosols along Antarctic Peninsula presented 
a diverse distribution of both AOD and α with predominantly low AOD values and high α (Figure 
3b). According to Wilson et al. 2010, low values of AOD and fine mode dominance are expected to 
occur in remote sites due to the large distance from aerosol sources and the presence of sea ice, 
that suppresses the formation of the coarse mode sea salt aerosol. Chaubey et al. (2011) associates 
high values of α and low AOD in Antarctic Peninsula to the occurrence of strong winds on the ocean 
surface that generate large sea salt particles. Also, for the same region Mishra et al. (2015) observed a 
dominance coarse mode of aerossol in autumn-to-winter seasons, while during summer and spring 
the Aitken and the accumulation modes are dominant in addition to the formation of condensation 
nuclei (Hara et al. 2011). In this study, AOD values observed in this region were considered high for 
this type of environment (close to 0.15). 

Backward Trajectories Analysis for Cruise 1A and 1B
Backward trajectories were modeled corresponding to all days of measurements. Most important 
ones are presented in Figure 4. For Cruises 1A and 1B, at SE Brazil air mass trajectories were clearly 
influenced by an extra-tropical cyclonic system that moves the air parcels counterclockwise bringing 
marine influence to the continent (Figure S3a). AOD values were ~0.24 with indicating fine mode 

Figure 3. AOD versus AE for Cruises to transects 1A and 1B. (a) relation AOD and Angstrom Exponent for 
Southwestern Atlantic; (b) AOD and Angstrom Exponent for Antarctic Peninsula.
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Figure 4. Basic database for Cruise 2. a: longitudinal distribution of AOD (500 nm); b: K-means cluster analysis of 
AOD data (500 nm) and AE identifying two groups: blue (coarse mode) and red (fine mode); c: Histogram of AE; 
d: Distribution of longitudinal AOD averages at different wavelengths; e: Distribution of longitudinal averages of 
water vapor; f: Distribution of longitudinal means of AE; G: Distribution of AOD and AE: red (costal region of Africa) 
and blue (ocean region). 
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dominance, which can be related to continental influence over polluted areas of Rio de Janeiro and 
São Paulo cities. In contrast, Figure S3b shows a rapid advection from the Patagonia semi-desert mixed 
with marine influence along the migrating passway. At this point, the AOD values were 0.09 and α less 
than 1.0, suggesting coarse mode aerossol presence. Close to of 30°S, the backward trajectories show 
air masses advecting predominantly from Atlantic Ocean (Figure S3c) corresponding to the observed 
coarse mode. In Figure S3d at La Plata basin, was observed a continental contribution to the aerosol 
amount corresponding to fine mode with an AOD of 0.15. In sampling station shown in Figure S3e, a 
mixture of marine and Patagonian influence was observed with coarse aerossol mode dominance. 
Around latitude 50°S, Figure S3f, were observed fine and coarse aerosol modes corresponding to ir 
mass migrations starting in the Pacific Ocean and, crossing the Southern Patagonia. In this are AOD 
was 0.18 suggesting a predominance of continental dust.

The results for Southwestern Atlantic continental border depicted a scenario of rapid aerosol 
changes interleaving influences of Patagonia semi-desert and nearby ocean. 

For the sampling sites corresponding to the surrounding of Northern Antarctic Peninsula, air 
mass backward trajectory analysis showed a major influence of Antarctic continent and Southern 
Ocean with one episode of northern advection (Figure S4a). In that case both fine and coarse modes 
were observed which would correspond to continental and marine mixed sources. In Figure S4b, 
where a high marine influence is present, mostly derived from Southern Pacific sector, coarse mode 
was predominant. It was interesting observe that although trajectories at Figures S4d and S4d were 
relatively similar (derived from the Antarctic Peninsula), a predominant fine mode corresponded to 
Figure 4c and a coarse mode to Figure 4d. This can be attributed due to different wind intensities 
occurring during each measurement. In Figure S4e, air mass trajectories indicate contributions from 
Weddell sea and Southern Atlantic Ocean (Figure S4f). Despite none apparent continental influence, 
during measurements, fine mode was present together with coarse mode, which can be derived from 
marine influence. The fine mode presence in the subpolar environment can not be explained solely 
by the parametrizations presented in this study and may be a more complex process which involves 
particles interactions and biogeochemical mechanisms linked to the ocean primary productivity. 
According to Wilson (2011), coarse mode aerosols in Antarctica refers to sea salt and ice crystals in 
the lower atmosphere while the fine ones to biological activity mainly with sulfates production, as 
well as nitrate and organic compounds. Another potential source of fine mode can be attributed to 
ice-free regions like nunataks and proglacial ice free areas that are enhanced during the summer 
season. Similar to the results observed by Santos et al. (2020) with aerosol provenance studies they 
occur at several sites of the Maritime Antarctica (example: at South Shetland Islands, James Ross and 
Peter islands, Dry Valleys, Adelie Land, Bunger Hills, Fyfe Hills and Mawson Coast) and its dust can be 
mixed in the lower atmosphere by westerly winds actions. 

Chaubey et al. (2011) observed a coarse mode predominance during winter season, while, in 
this study, it was observed from different campaigns that coarse mode can also prevail during the 
summer/spring/autumn seasons. 

Database from Cruise 2 
Cruise 2 refers to the transect from Central- South Atlantic to Atlantic coast of Southern Africa. Along 
the cruise AOD values ranged from 0.02 to 0.09 (Figure 4a). This result indicates predominantly, an 
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clean environment. Ångström Exponent values ranged between -0.04 and 1.82, which higher values 
were mostly located close to African continent where AOD ranges from ~ 0.03 to 0.07, similarly to 
Wilson (2011) which values were between ~ 0.04 and 0.09. Otherwise, in this region, α values were 
1.8, differently from Wilson (2011) that observed 1.1. AOD values are enhanced at coastal regions 
and decrease nearly exponentially towards Central South Atlantic where the lower AOD values were 
found, as showed in Figure 4a with all data and Figure 4d, in different wavelengths. Figure 4b shows 
a consistent aerosol classification into two groups by using K-means cluster algorithm, similarly 
to Figure 5B. In this case, the limit between both groups was 1.0. The histogram for α in Figure 4c 
indicates that modal classes ranges from 0.2 to 0.5 and therefore, are mostly related to coarse mode 
aerosols, possibly attributed to sea salt. Longitudinal means (Figures 4c and 4f) showed similar 
trends, demonstrating low α values, that is, coarse mode aerosols and high water vapor values in 
oceanic areas, as well as, high α (fine mode aerosols) and low water vapor values nearby coastal 
regions. Figure 4g corroborates this, classifying the data into two geographic groups.

Backward Trajectories Analysis for Cruise 2
Likewise cruises 1A and 1B, backward trajectories were modeled to corresponding sampling points 
during campaign 2. In offshore region, air masses migrations were influenced by westerlies and the 
South Atlantic gyre. The long track developed by air masses over sea resulted in a predominance of 
coarse mode, with greater AOD as the case of Figure S5a. In longitudes at Central South Atlantic, fine 
mode was predominant, where low AOD values were observed (Figure S5b and S5c). Fine aerosols 
mode was found closer to the African continent as shown in Figure S5e and S5f.
Figure 5 and table II summarizes total database and shows how fine and coarse mode, based on AOD, 
were spatially distributed (colors purple and green refer to coarse mode, and yellow and orange fine 
mode). It can be observed that fine mode prevailed at sub-tropical latitudes while course mode at 
Central South Atlantic, Southern Argentine Continental Shelf and Antarctica. Fine modes found in 
Central South Atlantic and Antarctica may be related to long distance advection of fine dust from 
adjacent continents or by aerosols from biogenic origin. 

Table II.  Summary of aerosol properties mean values for the total dataset. SD: standard deviation.

Locations
AOD

500nm
SD500 α SDα

Water 
vapor 
(cm)

STDwy
AOD

440nm
SD440

AOD 
675nm SD675

AOD
870nm

SD870

South America 
Coast 0,10 0,08 0,76 0,33 1,74 0,93 0,11 0,08 0,08 0,05 0,07 0,04

South Atlantic 
(Offshore) 0,09 0,03 0,51 0,21 0,80 0,29 0,07 0,02 0,06 0,02 0,06 0,02

Antarctic  
(Coast) 0,06 0,03 0,06 0,26 0,62 0,15 0,08 0,03 0,05 0,03 0,06 0,03

South Africa 
(Coast) 0,05 0,02 0,68 0,40 1,28 0,15 0,06 0,01 0,04 0,02 0,04 0,02

Central Atlantic 
(Offshore) 0,06 0,01 1,21 0,41 1,45 0,57 0,06 0,00 0,04 0,01 0,04 0,01



PAULA S. PEREIRA et al.	 AEROSOL PROPERTIES OVER THE ATLANTIC OCEAN

An Acad Bras Cienc (2023) 95(Suppl. 3)  e20210816  12 | 14 

Figure 5. Fine and coarse aerosol modes derived from AOD. The colors purple and green refer to coarse mode, and 
yellow and orange to fine mode.

CONCLUSIONS
In situ optical measurements from portable Sun Photometer provided insights on aerosol size 
distribution from mid-to-subpolar latitudes along coastal region of the Southwestern Atlantic and 
the corresponding Southern Ocean sector and the region between the Central Atlantic and Southern 
Africa. While compared to airmass backward trajectories, it revealed a high influence of dust advecting 
from Patagonia semi-desert.

Along the South American coast a steady decrease of AOD (500 nm) was observed following 
the continental mainland extent. However the influence of the aerosols blown from Patagonia 
semi-desert region was clear from latitude 53S to 64S. The predominance of aerosol fine mode was 
concentrated to the Central Atlantic region and close to the Drake Passage. Aerosol coarse mode 
predominance was found close to the Antarctic Peninsula that could be related to weathering of rock 
outcrops due to the typical strong westerly winds in that region.
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