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Abstract 

Between 2012 and 2019, measurements of aerosol mass concentration, composition of the 
inorganic fraction, optical properties, meteorology and ozone were conducted at the Henties 
Bay Aerosol Observatory (HBAO) located at the Sam Nujoma Marine and Coastal Resources 35 
Research Centre of the University of Namibia at Henties Bay (22.09° S, 14.26° E; 30 m above 
mean sea level) in Namibia. The site aimed at filling a gap in observation of the boundary layer 
aerosol at the coastal interface between the hyper-arid Namib desert and the south East 
Atlantic Ocean, characterised by haziness due to frequent mineral dust plumes and persistent 
sea spray. Some of the data were already validated and analysed by Formenti et al. (2018), 40 
Klopper et al. (2020), Desboeufs et al. (2024). 

In this paper we present the entire quality-controlled dataset which is now made available to 
the public with the following DOI: 

 Aerosol elemental and water-soluble ionic composition during 2016 
(https://doi.org/10.57932/534b9e4e-aa4a-45f3-a538-3faf57168287; Formenti et al., 2026) 45 

 Aerosol elemental, water-soluble ionic and dissolved elemental composition during 2017 
(https://doi.org/10.57932/2ac79cd1-282a-4004-87d5-38f0ebcaf40c; Formenti, 2023) 

 Aerosol mass concentration between 2012 and 2019 (https://doi.org/10.57932/d5bcf2ef-
1c1f-4f87-9945-e5ec9a948112; Valorso et al., 2026a) 
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 Ozone mixing ratio between 2012 and 2019 (https://doi.org/10.57932/59ed8db1-2a18-50 
4429-a153-fffa61cdbb41; Valorso et al., 2026b) 

 Aerosol particle scattering between 2015 and 2019 (https://doi.org/10.57932/4d3613b6-
4c49-417f-ac1d-fd825602fbfb; Valorso et al., 2026c) 

 Aerosol equivalent black carbon concentration between 2012 and 2019 
(https://doi.org/10.57932/c8c755ef-bf7a-441e-a4c6-1ee875e5f570; Valorso et al., 2026d) 55 

 Wind speed and direction between 2012 and 2019 (https://doi.org/10.57932/99b707a5-
1cba-4b61-915b-829aa742a726; Valorso et al., 2026e) 

 Basic meteorology between 2018 and 2019 (https://doi.org/10.57932/9d344c70-2f09-4fff-
a2d9-ce72f5cf1757; Valorso et al., 2026f) 

These research-quality data, unique for the area, have many uses, including the determination 60 
of seasonal changes in the atmospheric composition and the validation of climate and weather 
modeling output and satellite-retrieved aerosol products. 
 

1. Introduction 

The west coast of southern Africa is a region of great climatic and environmental interest. The 65 

region is characterised by many geophysical features, such as the low-level stratocumulus 

cloud deck, the coastal fog, the oceanic Benguela current, and the hyper-arid Namib desert, 

promoting strong atmosphere-sea-land exchanges, both in energy and in mass (Andreae et 

al., 1994; 1995; Louw et al., 2016; Ohde and Dadou, 2018; Spirig et al., 2019 ; Giorio et al., 

2022). The west coast of southern Africa is strongly affected by climate change and both the 70 

mean surface air temperature and the oceanic water temperatures are predicted to increase 

by up to 7°C before the end of the current century (Engelbrecht et al., 2015 ; Maure et al., 

2018 ; Hoegh-Guldberg et al., 2018 ; Mundy et al., 2025). 

Most of the atmospheric research in the area has focused on studying the characteristics, the 

dynamics and the radiative effetcs of the seasonal biomass burning aerosol smoke plumes 75 

from central Africa that give rise to very high optical depth and significant radiative effects while 

transported at large scale over the region (Swap et al., 2003; Zuidema et al., 2016; Formenti 

et al., 2019; Redemann et al., 2021; Haywood et al., 2021), and potentially contributing to the 

changes in the stratus clouds cover over the South Atlantic and the fog lifecycle (Mass et al., 

2025; Goessling et al. 2025). On the other hand, little attention has been given to the chemical 80 

composition of the boundary layer, notably to aerosol particles, and that despite their potential 

importance for the cloud and fog formation and the ocean-land biogeochemistry (Andreae et 

al., 1995; Hegg et al., 2012; Dansie et al., 2018 ; Weston et al., 2022).  

Surface continuous atmospheric observations are rare in southern Africa and more generally 

in the southern hemisphere (Laj et al., 2020; Paton-Walsh et al., 2022; Kanaya et al., 2025). 85 

Beside the in situ Global Atmospheric Watch (GAW) station of Cape Point in South Africa (34° 

21′S, 18° 29′E; Andrews et al., 2019; hereafter CPT), most of the current knowledge on the 

long-term variability of the aerosol load on the west coast of southern Africa relies on the 
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AERONET/PHOTONS distributed network of column sunphotometers (Eck et al., 2003; 

Holben et al., 2018).  90 

To fill this gap, between 2012 and 2019 the Laboratoire Interuniversitaire des Systèmes 

Atmosphériques (LISA) in Créteil (France) and the Climatology Research Group (CRG) in 

Potchefstroom (South Africa) conducted new surface in situ measurements at the Henties Bay 

Aerosol Observatory (HBAO) at the Sam Nujoma Marine and Coastal Resources Research 

Centre of the University of Namibia (SANUMARC) at Henties Bay in Namibia. Measurements 95 

aimed to describe the temporal variability of the aerosol loads, attribute their sources and 

characterise some fundamental properties such as composition, light-scattering and 

absorption. These measurements were complemented by observations of the surface 

meteorology, ozone concentrations and by a column sun-photometer as part of 

AERONET/PHOTONS.  100 

The station observations were instrumental in providing new insights on the seasonal variability 

of the aerosol optical properties and long-range transport of light-absorbing aerosols (Formenti 

et al., 2018), the source apportionment of the inorganic aerosol composition (Klopper et al., 

2020), and the effect of marine emissions on the solubility of dust aerosols (Desboeufs et al., 

2024).  105 

As a way forward, the objective of this paper is to describe the entire dataset of observations, 

which is now available on the Earth System Data Repository (EaSy Data) open portal 

(https://www.easydata.earth; last accessed 4 february 2026) of the French National research 

infrastructure Data Terra.  

Although it contains discontinuities due to the difficulty in maintaining the instrumentation in a 110 

functional state in this challenging environment, the dataset is unique to date, and we expect 

it to be useful for more process and model validation studies, given the importance of the 

geographical area in climate and atmospheric chemistry research.  

2. Methods 

The town of Henties Bay in the Erongo province of Namibia (22.09° S, 14.26° E; 30 m above 115 

mean sea level) is located in a coastal arid environment with little to no vegetation. Henties 

Bay has approximately 5000 inhabitants and little commercial activity, but faces the Cape of 

Good Hope sea route of commercial shipping from Walvis Bay (approximately 100 km to the 

south), one of the largest harbours in the Southeast Atlantic Ocean (Namport, 2018).  

The geographical position of Henties Bay with respect to the location of some active stations 120 

of the AERONET/PHOTONS sunphotometer network is shown in Fig. 1.  
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Figure 1. Geographical location of Henties Bay with respect to that of active sunphotometer stations of 
the regional AERONET/PHOTONS network. Stations at the proximity of wildfire areas are indicated in 
red. Continental stations are indicated in green. Marine stations are indicated in blue. 125 
 
 

The HBAO station is situated on one of the buildings of the SANUMARC campus, 

approximately 6 km north-west of Henties Bay (Fig. 2). The station consisted of a rooftop 

terrace approximately 30 m above the ground and 100 m from the shoreline, where sampling 130 

inlets were located. These inlets were connected by straight stainless-steel pipes to 

instruments situated in a room underneath. 
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Bay; (c) some of the sensors and sampling head on the top of the HBAO tower, that is (1) wind sensor; (2) 
AERONET/Photons sun/sky photometer (3) PM10 sampling head serving the TEOM and nephelometer instruments; 
(4) PM10 sampling head serving the PARTISOL sampler. The PM1 sampling head serving the aethalometer and the 
Teflon line serving the ozone analyser are not visible; (d) the view from the top of the HBAO tower to the west, 
showing the small and few buildings of the University campus and the proximity with the sea shore at approximately 140 
than 100 m. The stratocumulus cloud deck is visible at the horizon. Copyright statement: Map data © NASA © 2025 
Google.  

 

2.1. Instruments, data acquisition and curation 

The operational details of the instrumentation of HBAO are listed in Table 1.  145 

Table 1. Summary of observables and instruments at HBAO. 

Observable Instrument 
Operation and time 

resolution 
Period 

Particle mass concentrations Mc 
(PM2.5 fraction until mid-july 2014 and 

PM10 afterwards) 

TEOM microbalance 
(Thermo Inc. model 1405) 

Continuous, 5-min 2012-2019 

Particle scattering coefficient sca  

(450, 550, 700 nm, PM10 fraction) 

Nephelometer 
(TSI Inc. model 3563) 

Continuous, 5-min 2015-2019 

Particle absorption coefficient   

(880 nm, PM1 fraction) 

Aethalometer 
(Magee Sci. model AE-14U) 

Continuous, 5-min 2012-2019 

Aerosol elemental composition 
(PM10 fraction) 

Partisol 
(Thermo Inc model 2205) 

Twice a day 2016-2017 

Ozone mixing ratio Environmental SA Continuous, 5-min 2012-2017 

Figure 2. Composite of (a) © Google map showing the location of Henties Bay in Namibia, southern Africa; (b) the 
135 location of the University of Namibia campus where HBAO was located on the north-west of the town of Henties 
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Chemi-luminescence  
(Environmental SA model O342M 

Horiba Inc model APOA) 

2017-2019 

Wind speed and direction 
Campbell Scientific 05103 

Vaisala WXT530  
Continuous, 5-min 

2012-2017 
2018-2019 

Temperature, humidity, pressure Vaisala weather station Continuous, 1-min 2018-2019 
Column optical properties CIMEL 318 sunphotometer Continuous, 1-min 2012-2019 

 

The instrumentation was monitored by on-site personnel and people from LISA and CRG 

during occasional visits (approximately once per year), and regular checks via remote 

connection (TeamViewer® version 11) to the computers used for acquisition. All data were 150 

acquired and stored on a data logger (model CR-1000, Campbell Sci. Ltd.), except those of 

the Partisol sampler and the nephelometer, which used their proprietary acquisition software. 

The team faced the challenges of a marine and moist environment, requiring careful and 

frequent cleaning of the pipelines, sampling heads, and sensors. This explains why the 

operating period reported in Table 1 differs significantly from one instrument to another. Some 155 

data losses were due to power outages and occasional flooding. The details of the instruments 

and the respective data curation are described in the following paragraphs. 

2.1. Particle mass concentration 

The particle mass concentration was measured with a Tapered Element Oscillating 

Microbalance (TEOM, model 1400a, Rupprecht and Patashnick, Albany, New York, USA). 160 

Between 2012 and 2014, the instrument was operated from a certified inlet (also from 

Rupprecht and Patashnick) to select particles of diameter smaller than 2.5 µm in equivalent 

aerodynamic diameter (PM2.5). After 2014, and until 2019, the inlet was replaced to sample 

particles of diameter smaller than 10 µm in equivalent aerodynamic diameter (PM10, Rupprecht 

and Patashnick, Albany, New York, USA). The total flow rate at the inlet was 16.7 L min-1, and 165 

the sampling flow rate driving the aerosol-laden air to the microbalance was 3 L min-1. The 

temperature of the sample stream was kept constant at 50ºC. The instrument has a nominal 

detection limit of 5 µg m-3 and an accuracy of 1 µg m-3. Data were acquired and stored as 5-

minute averages. During the acquisition, the instrument flags occurrences of invalid data based 

on the stability of the temperatures and flow rates. Additionally, the observation record was 170 

manually inspected to discard spurious and outlier data (peaks of short duration when 

concentrations exceeded 200 µg m-3).  

2.2. Particle elemental and water-soluble composition 

The measurements of the particle elemental and water-soluble composition from the collection 

of filter samples were already detailed by Klopper et al. (2020) and Desboeufs et al. (2024). 175 

During 2016 and 2017, 385 samples were collected on Whatman Nucleopore polycarbonate 

filters (47-mm diameter, 1-μm pore size) using an automated sequential air sampler (model 
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Partisol Plus 2025i, Thermo Fisher Scientific, Waltham, MA USA). The instrument operated at 

16.7 L min-1  (1 m3 h-1) through a certified PM10 inlet (Rupprecht and Patashnick, Albany, New 

York, USA). The sampling routine consisted of two exposures per day, the first from 09:00 to 180 

18:00 UTC and the second from 21:00 to 06:00 UTC, approximately on an intermittent week-

on/week-off schedule. One blank sample per week was collected. All samples were analysed 

to yield: 

1/ the inorganic elemental mass concentration of 24 elements (Na, Mg, Al, Si, P, S, Cl, K, Ca, 

Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Pb, Nd, Cd, Ba) by wavelength-dispersive X-ray 185 

fluorescence (WD-XRF) using a PW-2404 spectrometer (Panalytical, Almelo, 

Netherlands) ; 

2/ the water-soluble ionic atmospheric concentrations of 16 water-soluble ions (F-, propionate, 

formate, acetate, methanesulfonic acid (MSA), Cl-, Br-, NO3-, PO4
3-, SO4

2-, oxalate, Na+, 

NH4
+, K+, Ca2+ and Mg2+) measured by ion chromatography (IC) with a Metrohm IC 850 190 

device ;  

3/ during 2017 only, the dissolved atmospheric mass concentrations of 25 water-soluble metals 

and metalloids, including Fe, Al, and Si, by inductively coupled plasma-atomic emission 

spectroscopy (ICP-AES; Spectro ARCOS Ametek®) and high-resolution inductively 

coupled plasma-mass spectrometry (HR-ICP-MS, Neptune Plus™, Thermo Scientific™).  195 

For each chemical species, the minimum quantification limit (MQL) was calculated as 10 times 

the square root of the standard deviation of the concentration measured on the laboratory 

blank samples, prepared as actual samples but stored and analysed without exposure to 

external air. All concentrations above the MQL were corrected for their corresponding average 

blank value and reported as such in the datasets. The remaining instances are indicated as 200 

“MQL”. The MQL values (expressed as concentration per unit filter area or concentration per 

solution volume) are reported in Klopper et al. (2020). 

2.3. Particle equivalent black carbon concentration 

The measurements of the particle equivalent black carbon concentration (eBC) in the PM1 

fraction were analysed in Formenti et al. (2018). They are derived from the optical attenuation 205 

of light (ATN) measured by a single-wavelength aethalometer (model AE-14U, Magee Sci., 

Berkeley, CA; Hansen et al., 1984) operating at 880 nm and sampling at 3.5 (± 0.1) L min-1 

from a certified inlet (BGI Inc., Waltham, MA). The airflow temperature and relative humidity 

were ambient. Measurements were performed at a 5-min time resolution. The original data set 

was screened to eliminate spikes and peaks lasting less than two hours, generally associated 210 

with occasional nearby open fires for barbequing meat.  
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The operational equations linking the measured attenuation (ATN) at 880 nm to the eBC is 

 

𝑒𝐵𝐶 ൌ
ଵ

ெ஺ாಳ಴
ቀ ଵ

஼⋅ோሺ஺்ேሻ
ቁ ቀ஺

௏

∆஺்ே

∆௧
ቁ    (1)  

 215 

where A represents the area of the aerosol deposit on the filter, V the volumetric flow rate, and 

ΔATN/Δt is the variation rate of attenuation with time. The correction factors for multiple 

scattering (C) and shadowing effect (R(ATN)) were fixed to 3.44 (± 0.21) and 0.93, based on 

Collaud-Coen et al. (2010) and Weingartner et al. (2003). The mass absorption efficiency for 

eBC (MAEBC) is prescribed and set to 9.0 (± 1.5) m2 g-1.  220 

2.4. Particle scattering coefficient 

Between April 2015 to June 2019, the aerosol scattering coefficient (σsca) between 7° and 170° 

and at 450, 550, and 700 nm was measured by a three-wavelength integrating nephelometer 

(TSI Inc., model 3563, 5-min resolution) sampling at 13.67 L min-1 from the certified PM10 inlet 

of the TEOM (sampling from the auxiliary line). The instrument also measured the particle 225 

backscattering coefficient between 90° and 170° thanks to a rotating shutter which was found 

to be malfunctioning and was shut down in March 2018. While the airflow temperature and 

relative humidity (RH) were ambient, the RH inside the sensing volume was always reduced 

to less than 60% due to heat from illumination, so that the measured scattering coefficients 

can be considered as referring to dry air conditions. The particle scattering and backscattering 230 

coefficients (units of Mm-1 = 10-6 m-1) reported in the level-2 were not corrected for angular 

truncation (Anderson and Ogren, 1998).  

The particle scattering Ångström exponent (SAE) calculated between 450 and 700 nm as  

 

𝑆𝐴𝐸 ൌ   െ 𝑙𝑜𝑔 𝑙𝑜𝑔 ൭
൬

഑ೞ೎ೌ,రఱబ ೙೘
഑ೞ೎ೌ,ళబబ ೙೘

൰

ቀ
రఱబ
ళబబ

ቁ
൱      (2)  235 

 

is also reported in the dataset and can be used to evaluate the dominant aerosol type, and so, 

indirectly as it provides an indication of particle size, the magnitude of the correction. The air 

pressure, relative humidity and temperature in the measurement volume are provided, as well 

as the air temperature measured at the inlet. These measurements allow calculation of 240 

standard temperature and pressure conditions for data normalisation.  
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The nephelometer was calibrated using zero-air and CO2 as reference gases prior to being 

sent in the field, but not in the field due to the difficulties in bringing and conserving the gas 

bottles on top of the building. As a quality-control check, regular zeroing was performed to 

monitor the extent by which the measurement cavity could be affected by particle deposition 245 

and accumulation of dirt. Both the stability and the noise of the zero signal were monitored for 

this purpose. Data records for which the scattering coefficient at 550 nm was lower than 5 Mm-1 

or higher than 200 Mm-1 for short durations (less than two hours) were discarded from further 

data analysis.  

2.5. Ozone mixing ratio 250 

From July 2012 to September 2017, the ozone mixing ratio (units ppb) was measured by a 

O342M monitor (Environment S.A., France), which was replaced from September 2017 until 

March 2019 by a APOA-370 analyser (HORIBA, Japan). Both instruments monitor 

atmospheric ozone concentrations using a cross flow modulated ultraviolet absorption method, 

with a detection limit of the order of 0.5 ppb, and an accuracy of the order of 1 ppb. The 255 

instruments operated at approximately 0.7 L min-1 through a Teflon tube (outside diameter 6 

mm) using an internal pump. Data were acquired at a 5-minute time resolution. The data 

curation of this data stream was extremely delicate, notably because ozone is soluble at air 

relative humidities above 50% (Seinfeld and Pandis, 2006), which is typical of Henties Bay 

(see section 3). Concentrations were inspected manually to eliminate excessive noise and 260 

erratic events.  

2.6. Local meteorology 

Local wind speed and direction were measured by a Campbell Scientific 05103 anemometer, 

replaced with a Vaisala WXT530 from September 2017 onwards. From January 2018, 

additional sensors were added to measure the air temperature, relative humidity and pressure. 265 

Measurements were acquired as 5-min averages. Compared to the previous data records, the 

curation of the meteorological observations was rather simple as sensors are robust and did 

not suffer from the conditions of the site that complicated data curation for other instruments 

in the marine coastal environment. 

2.7. Column optical depth 270 

A sun-sky photometer (model 318, CIMEL Electronique, France), part of the 

AERONET/PHOTONS network, was located on the roof of the station. The instrument was 

installed in November 2011, preceding the main operations at the station. A few data points 

are also available for May 2024, in correspondence with a new field campaign. Overall, the 

data coverage was limited due to the persistence of clouds and fog, as well as several 275 
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instrumental problems, notably the mobility of the optical head caused by salt, dust and 

humidity.  

3. Results and discussion 

Table 2 reports the basic statistics for the observables measured at HBAO during the 

respective operating periods. Values for the aerosol mass concentration refer to the period 280 

2014-2019 only as in 2012-2014 the instrument was operated with a PM2.5 instead of a PM10 

inlet.   

 
Table 2. Period mean and standard deviations for the observables discussed in this paper. The 
minimum and maximum values are reported in brackets.  285 

Properties Basic statistics 
Aerosol mass concentration (µg m-3) 41 ± 33 (5-198) 
Particle eBC concentration (ng m-3) 58 ± 57 (5-390) 
Particle scattering coefficient at 550 nm (Mm-1)  30 ± 20 (5-198) 
Scattering Angstrom Exponent (SAE) 0.6 ± 0.5 (0-2.9) 
Ozone (ppb) 20 ± 7 (2-101) 
Air temperature (°C) 
Air relative humidity (%) 
Air pressure (hPa) 

15.5 ± 2.8(4.8-23) 
80 ± 12 (8-93) 

1010 ± 3 (1003-1021) 
Wind speed (m s-1) 2.8 ± 2.6 (< 22.1) 
Wind direction (degrees) 153 ± 108 
Aerosol optical depth at 440 nm 0.15 ± 0.13 (0.01 - 1.65) 

 

3.1. Columnar aerosol properties 

The time series of the monthly average of the aerosol optical depth (AOD) at 440 nm and the 

Angstrom exponent (AE) between 440 nm and 870 nm at Henties Bay and some of the 

sunphotometers of the regional AERONET/PHOTONS network (Fig. 1) are shown in Fig. 3. 290 

The respective operating periods are reported in Table S1 in the supplementary material.  
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Figure 3. Time series of the monthly average of the aerosol optical depth (AOD) at 440 m (blue boxes, 
left axis) and the Angstrom exponent between 440 nm and 870 nm (orange boxes, right axes) at Henties 295 
Bay and some of the sunphotometers of the regional AERONET/PHOTONS network. The dot next to 
the station name recalls the color code of Figure 1. Stations at the proximity of wildfire areas are 
indicated in red. Continental stations are indicated in green. Marine stations are indicated in blue.  

 

The AOD at Henties Bay is characterised by very low to moderate values (averages between 300 

0.08 and 0.4) and a clear seasonal cycle with peak values from August to October. The AOD 

values are lower than at the sites closer to fire regions (Maun tower, Lubango, Mongu, 

Windpoort) but similar to values at Ascension Island, Gobabeb and Upington, which all display 

a very similar seasonal cycle. Differences are evident compared to the coastal station of 

Simonstown, in South Africa, where AOD is of the order of 0.1 through the year. The average 305 

AE is above 1 during August-October, indicating the influence of particles in the accumulation 

submicron mode, overall suggesting that Henties Bay is affected by the large-scale seasonal 

transport of biomass burning aerosols occurring in the dry season. The intra-monthly variability 

is large, indicating the influence of coarse particles, as expected because of the coastal arid 
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environment of Henties Bay. The monthly values of the column single scattering albedo (SSA) 310 

at 440 and 870 nm and the fine and coarse volume fractions are shown in Fig. 4 

 

Figure 4. Left panel: Time series of the monthly averages of the column single scattering albedo (SSA) 
at 440 and 870 nm (blue and orange boxes, respectively). Right panel: Time series of the monthly 
averages of the fine and coarse volume fractions (blue boxes and left axis and orange boxes and right 315 
axis, respectively).  

 

The increased AOD corresponds to a decrease of the SSA and an increase of the fine-mode 

aerosols, which, however, both occur as early as June, ahead of phase with respect to the 

seasonality of AOD. On the other hand, the SSA decreases significantly also between March 320 

and April, albeit with a different spectral dependence than in June-August, and in 

correspondence with an increase in the volume of the coarse mode particles, which could 

indicate that dust particles dominate the aerosol columnar load. The coarse mode particle 

volume remains elevated also during the October to December period, when on the contrary 

the SSA increases to values very close to unity, indicating the dominance of scattering 325 

maritime aerosols as expected from the general circulation pattern illustrated in Formenti et al. 

(2018).  

3.2. Surface properties and concentrations 

The diurnal profiles of each variable are shown in Figure S1 in the supplementary material.  

3.2.1. Local meteorology 330 

The record of air temperature, relative humidity and air pressure is limited to 2018-2019. Figure 

5 represents their seasonal variability.  
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Figure 5. From top to bottom: Air temperature (°C), relative humidity (%) and barometric pressure (hPa). Time 
series of the monthly 25th and 75th percentiles (black boxes). Median values are indicated by a red line. 

 335 

Both Table 2 and Fig. 5 show that the atmosphere of Henties Bay was persistently cold and 

humid over the short temporal extent when measurements were conducted. The median air 

temperature is of the order of 18°C from October to April, and of the order of 13°C from May 

to September, in contrast to the barometric pressure which shows the opposite cycle. These 

meteorological measurements reveal a coastal climate strongly modulated by the semi-340 

permanent South Atlantic Anticyclone (Tyson and Preston-Whyte, 2014). During the austral 

winter (May–September), this system brings higher atmospheric pressure and cooler 

temperatures.  

The record of wind speed and direction is longer, extending, with interruptions, from 2012 - 

2019 (Table 1). These data already informed the analysis of aerosol chemical composition by 345 

Klopper et al. (2020), to which we refer for further details. As a complement, Figs. S2 and S3 

illustrate the monthly and hourly distributions of these values, respectively. We note here that 

the mean wind speed is rather low (2.8 ± 2.6 m s-1, Table 2), which is typical for regions 
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frequently experiencing anti-cyclonic circulation (Klopper et al., 2020). High wind speeds (10-

12 m s− 1) are generally recorded for southerly winds, which are persistent throughout the year, 350 

except in June and July when the highest wind speeds (16-18 m s− 1) correspond to north-

easterly winds. Both Figs. S1 and S3 show that there is an evident diurnal cycle in the wind 

speed which peaks between 12h and 16h UTC, regardless of the month of the year. As already 

noted by Klopper et al. (2020), from May to October, there is also evidence of a sea-land 

breeze regime where winds tend to be from the continent in the morning to become marine in 355 

the early afternoon (Fig S3). Because of the prevalence of southerly to westerly winds, and 

because the coastline is oriented along the north-to-south-west direction, the local winds at 

HBAO are henceforth predominantly from the sea. 

3.2.2. Total and eBC aerosol mass concentrations 

The boundary layer aerosol is a diverse mixture dominated by dust from aeolian erosion and 360 

oceanic sea spray and biogenic emissions (Andreae et al., 1995; Vickery et al., 2013; Von 

Holdt et al., 2019). Despite of the very low population density (Namibia has 3.7 inhabitants per 

km2 in 2023; National Census, 2023), the aerosol load is also contributed by anthropogenic 

emerging commercial activities such as shipping, mining, and energy production (Liebenberg-

Enslin et al., 2020; Klopper et al., 2020 ; Formenti et al., 2025).  365 

Fig. 6 shows the monthly variability of the aerosol total and eBC mass concentrations.  

 

 

Figure 6. From top to bottom: aerosol mass concentration (µg m-3) and eBC mass concentration (ng m-3). Time 
series of the monthly 25th and 75th percentiles (black boxes). Median values are indicated by a red line. 370 
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The seasonal and diurnal variability of the PM10 mass fraction is very limited and the 2014-

2019 average reported in Table 2 (41 µg m- 3) is close to values measured at coastal sites 

(e.g., Fomba et al., 2014). However, it is higher than reported for measurements in remote 

open oceans (e.g., Jiang et al., 2021), likely due to the effect of waves breaking on the sea 375 

shore near the sampling site (Zhou et al., 2025). These considerations are consistent with the 

dominance of south-south westerly winds (Fig. S1, S2 and S3). Indeed, the chemical mass 

apportionment from filter sampling of Klopper et al. (2020) showed that, regardless of the time 

of the year, the aerosol load in the PM10 mass fraction in the period 2016-2017 was contributed 

up to approximately 75% by sea salt. On the other hand, a distinct seasonal cycle with hourly 380 

concentrations as high as 400 ng m-3 is instead observed for eBC (Fig 6 bottom) from May to 

the end of July, when HBAO is under the anti-cyclonic continental regime (Formenti et al., 

2018). Similar values were reported by Andreae et al. (1995) on a cruise transit in the tropical 

South Atlantic while approaching southern Africa at 19°S. Even at its maximum value, the PM1 

eBC mass represents only a very minor fraction of the PM10 mass concentration (0.3% 385 

between June and August). From August to late April, the eBC concentrations are similar to 

those in pristine remote locations including Antarctica (Bodhaine, 1995) or Greenland (von 

Schneidemesser et al., 2009). As the mass concentration, the eBC displays a negligible diurnal 

variability (Figure S1).  

3.2.3. Metal solubility 390 

The analysis of Klopper et al. (2020) demonstrated that the second largest contributor (up to 

20%) to the total PM10 aerosol mass was mineral dust. These authors reported 19 episodes 

during that period 2016-2017, indicating an occasional but frequent transport by both north-

easterly and south-to-south-easterly winds. Secondary species (non-sea salt sulphate, MSA, 

nitrate, fluoride) and heavy metals (notably from mining and heavy-fuel combustion) 395 

contributed to about 5%.  

HBAO represents an atmospherically interesting environment for investigating multi-phase 

chemistry in the atmosphere. The site is characterised by frequent fog events, with pH close 

to neutrality due to the strong marine influence (Giorio et al, 2025). Additionally, the relative 

humidity often exceeds 80%, while atmospheric aerosols are primarily composed of sea salt 400 

(Klopper et al., 2020). Such conditions make the aerosols deliquescent, thereby promoting 

aqueous-phase chemistry, such as redox cycling and coordination chemistry (Giorio et al., 

2025; Formenti et al., 2025). Given the emerging metal-rich anthropogenic influence mixed 

with strong marine emissions from the coastal part of the Benguela upwelling system, this 

coastal environment presents a unique opportunity to investigate the processing of aerosols 405 

that can influence, for example, iron solubility and therefore nutrient delivery to the nearby 

ocean (Desboeufs et al., 2024; Formenti et al., 2025) provided with the first estimation of the 
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iron solubility from natural and anthropogenic dust in the area, and highlighted the role of multi-

phase processing by secondary compounds, notably from marine biogenic emissions.  

Here, we complete those analyses by reporting additional observations in 2017 of the soluble 410 

fraction of several trace metals (Fig. 7).  

 

Figure 7. Fractional solubility of trace metals (SX, X = trace metal, expressed in %) measured in the PM10 mass 
fraction. The boxplots indicate the interquartile range, i.e., the 25th and 75th percentiles, and the line within the box 
marks the median. The whiskers indicate the quartiles ±1.5 times the interquartile range. Points above the whiskers 415 
indicate outliers outside the 10th and 90th percentiles. Values for background periods are indicated in blue and 
values for dust events are indicated in brown. For Co and Ti, only dust-period values are reported as values during 
background periods were below the MQL.  

 

The distinction of background and dust periods in Fig. 7 follows Desboeufs et al. (2024). A 420 

wide range of fractional solubilities of trace elements was observed, with values up to around 

100% depending on the element. This appears to be higher than the metal solubility observed 

in dust source regions, which tends to be below 10% (Baker et al., 2006; Li et al., 2022), but 

comparable to that of aerosols transported from African air masses over the Atlantic Ocean 

undergoing atmospheric processing (Shelley et al., 2018). The fractional solubility of Mn and 425 

Ti was significantly higher during the dust periods, as was that of Fe (Desboeufs et al., 2024), 

which is unexpected, as crustal-sourced metals tend to have low solubility unless exposed to 

low pH conditions and the presence of metal ligands, for example, when mineral dust is mixed 

with pollutants from various sources (Shi et al., 2012). In this case, the higher fractional 

solubility during the dust events can be attributed to marine biogenic emissions, as reported 430 

for Fe by Desboeufs et al. (2024).  
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Ni, Cr, Cu, and Zn, which are predominantly sourced from industrial/anthropogenic activities, 

showed equivalent fractional solubility regardless of time. On the other hand, the fractional 

solubility of V was significantly higher during the background periods, influenced by fugitive 

dust from mining activities and heavy-fuel combustion as reported by Klopper et al. (2020). 435 

3.2.4. Aerosol scattering coefficient and mass scattering efficiency 

Fig. 8 shows the monthly variability of particle scattering coefficient at 550 nm and SAE.  

 

 

Figure 8. From top to bottom: particle scattering coefficient at 550 nm (Mm-1) and SAE. Time series of the monthly 440 
25th and 75th percentiles (black boxes). Median values are indicated by a red line. 

 

The monthly median values of σscatt at 550 nm between 18 and 30 Mm-1 (Fig. 8) and the low 

SAE values (mean 0.5 ± 0.6) are in the expected range of measurements at coastal marine 

locations little influenced by air pollution (e.g., Gassò et al, 2000; Formenti et al., 2001; Pandolfi 445 

et al., 2018), consistently with measurements at GAW CPT (Andrews et al., 2019) and 

Ascension Island (8°S, 14.5°W), 3500 km west of Henties Bay (Zuidema et al., 2018 ; see 

Figure S4 in the supplementary material). The ratio of σcatt to the total mass concentration 

yields the PM10 mass scattering efficiency (MSE), which at 550 nm ranged from 0.5 (January) 

to 1 m2 g-1 (November). This is on the lower side of the average coarse mode sea salt MSE 450 

value (1 m2 g-1) recommended by Hand and Malm (2007), and significantly lower than the 

average value (1.7 ± 0.9 m2 g-1) measured by Denjean et al. (2016) in the background marine 

atmosphere affected by long-range transport of atmospheric pollution. Fig S5 shows that the 

temporal variability and the magnitude of σcatt at 550 nm can be approximated by a simple 

multi-linear model as the sum of the contributions of sea salt (MSE = 0.7 m2 g-1), mineral dust 455 
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(MSE = 0.7 m2 g-1; Hand and Malm, 2007), and non-sea salt sulphate, representing all 

secondary species (MSE = 8 m2 g-1; Formenti et al., 2001). Indeed, there is no evidence of the 

seasonal variability of the eBC concentrations (Fig. 6), confirming that the influence of this low-

level transport to the particle scattering is negligible. Fig. S6 additionally shows that the 

temporal variability of scattering coefficient at the surface and the column AOD had limited to 460 

no similarity, as a result of the strong decoupling between the marine boundary layer and the 

free troposphere (Tyson and Preston-Whyte, 2014).  

3.2.6. Ozone 

Ozone mixing ratios are in the range of the surface coastal observations in the southern 

hemisphere, including CPT as reported by Combrink et al. (1995), Lu et al. (2019) and more 465 

recently by Kanaya et al. (2025), amongst others. The diurnal cycle is also very weak (Fig S. 

There is a very moderate but visible seasonal cycle (Fig. 9), with mixing ratios varying from 

approximately 15 ppb in the austral summertime (December-March) to 20-25 ppb from May to 

October, when precursors from continental air masses affected by pollution (fuel or biomass 

burning) are transported at the site.  470 

 

Figure 9. Surface ozone: time series of the monthly 25th and 75th percentiles (black boxes). Median values are 
indicated by a red line. 

 

The amplitude of the summer minimum and the wintertime maximum at HBAO is similar but 475 

smaller to that of CPT (Combrink et al., 1995), and the winter maximum occurs later 

(September at HBAO while between May and July at CPT). There are many competing 

processes that could explain the variability (or rather, lack of variability) at both scales, notably 

the limited insolation and persistence of the inversion layer due to the cloud deck, but also the 

difference in precursors, as the September peak suggest that the ozone at HBAO could be 480 

more related to the surface transport of precursors with biomass burning air masses.  

4. Data availability 

The dataset of quality-controlled and validated observations (level 2) accessible via the 

EasyData website is summarised in Table 3. Data are provided in ASCII format as semi-colon-
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separated files. The in situ online observations are provided at 5-minute time-resolution, with 485 

the exception that measurements of elemental and water-soluble fraction are provided at the 

native 9-hour resolutions. Time stamps are reported in Coordinated Universal Time (UTC). 

Instances of instrument malfunctioning affecting the data quality are flagged as NA.  

Table 3. Name and web reference of the datasets discussed in this paper. 

Dataset URL References 
Namibia_HBAO_elemental_concentrations_2016–

v1.txt 
https://doi.org/10.57932/534b9e4e-

aa4a-45f3-a538-3faf57168287 
Formenti et al. (2026) 

Namibia_HBAO_elemental_concentrations_2017.txt 
https://doi.org/10.57932/2ac79cd1-

282a-4004-87d5-38f0ebcaf40c 
Formenti (2023) 

Namibia_HBAO_water-soluble-
ionic_concentrations_2016-v1.txt 

https://doi.org/10.57932/534b9e4e-
aa4a-45f3-a538-3faf57168287 

Formenti et al. (2026) 
Namibia_HBAO_water-soluble-
ionic_concentrations_2017.txt 

https://doi.org/10.57932/2ac79cd1-
282a-4004-87d5-38f0ebcaf40c 

Formenti (2023) 
Namibia_HBAO_dissolved-

elemental_concentrations_2017.txt 
https://doi.org/10.57932/2ac79cd1-

282a-4004-87d5-38f0ebcaf40c 
Formenti (2023) 

Namibia_HBAO_aerosol_mass_concentration_2012-
2019.txt 

https://doi.org/10.57932/d5bcf2ef-
1c1f-4f87-9945-e5ec9a948112 

Valorso et al. (2026a) 

Namibia_HBAO_ozone_mixing_ratio_2012-2019.txt 
https://doi.org/10.57932/59ed8db1-

2a18-4429-a153-fffa61cdbb41 
Valorso et al. (2026b) 

Namibia_HBAO_aerosol_scattering_2015-2019.txt 
https://doi.org/10.57932/4d3613b6-

4c49-417f-ac1d-fd825602fbfb 
Valorso et al. (2026c) 

Namibia_HBAO_eBC_mass_concentration_2012-
2019.txt 

https://doi.org/10.57932/c8c755ef-
bf7a-441e-a4c6-1ee875e5f570 

Valorso et al. (2026d) 
Namibia_HBAO_wind_speed_direction_2012-

2019.txt 
https://doi.org/10.57932/99b707a5-

1cba-4b61-915b-829aa742a726 
Valorso et al. (2026e) 

Namibia_HBAO_meteo_2018-2019.txt 
https://doi.org/10.57932/9d344c70-

2f09-4fff-a2d9-ce72f5cf1757 
Valorso et al. (2026f) 

 490 

Data from the AERONET/PHOTONS sunphotometer are available from the 

AERONET/PHOTONS website (https://aeronet.gsfc.nasa.gov/). The Henties Bay aerosol 

observatory (HBAO) website is available at http://www.hbao.cnrs.fr/ (last access: 22 

September 2025) 

5. Conclusions 495 

Measurements of short-lived species such as aerosols and ozone are rare in the southern 

hemisphere, and particularly on the west coast of southern Africa, where only the GAW CPT 

station is active (Andrews et al., 2019; Laj et al., 2020; Patton-Walsh et al., 2022; Kanaya et 

al., 2025). This limits the knowledge of the fundamental environmental processes and 

exchanges at the ocean-land-atmosphere interface, contributing to climate change in this 500 

vulnerable region of the world.  

HBAO is a remote and challenging site. The meteorological record provided by the dataset is 

critical for interpreting the local atmospheric composition. The dominant south-southwesterly 

winds and low wind speeds confirm the primacy of marine aerosol sources. The dataset 

additionally shows that both the local and synoptic meteorology play a significant role, as the 505 

seasonal oscillation of temperature and pressure under the influence of the South Atlantic 

Anticyclone provides the dynamical framework for the wintertime transport of continental 
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aerosols, notably from biomass burning, to this coastal site Formenti et al. (2018; 2025). The 

available observations, despite their moderate continuity, are to date unique and they are 

valuable in representing some of the variables essential to understanding the atmospheric 510 

composition on the west coast of southern Africa. The site is presently discontinued for long-

term observations, but remains active for intensive field campaigns and fog monitoring 

(Formenti et al., 2025; Mupambwa et al., 2025). 
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