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Abstract 
Purpose. The study is purposed at identifying the variability features of the Angstrom parameter values 
obtained at the Black Sea stations Sevastopol and Section_7 of the AERONET network from spring 
2019 to spring 2024 based on the satellite and ground monitoring data, as well as the results of 
atmospheric dynamics modeling.  
Methods and Results. Comparative analysis and assessment of the Angstrom parameter values involved 
application of the following information on atmospheric aerosol: the data of ground-based 
measurements derived by a portable SPM photometer, the photometer at the stations of the AERONET 
international aerosol monitoring network, the VIIRS radiometer platform from the Suomi NPP satellite, 
the data on  concentrations of suspended particles of PM2.5 and PM10 resulted from the Espada M3 
detector measurements, as well as the results of atmosphere dynamics modeling (data of the HYSPLIT 
and SILAM models). The comparative analysis made it possible to reveal the dates on which the optical 
characteristics corresponding to dust aerosol were recorded at one of two indicated stations in the Black 
Sea, whereas at the other one, no aerosol of this type (i.e. optical characteristics corresponded to a clean 
atmosphere) was detected. This fact confirms the different aerosol loading in the atmosphere over 
the western and central parts of the Black Sea, and also the spatial variability of aerosol basic optical 
characteristics during dust transport from the Sahara Desert. The measurements of the PM2.5 and 
PM10 particle concentrations performed on the days with the background optical characteristics of 
atmospheric aerosol permitted to obtain the values of background characteristics of suspended particles: 
PM2.5 = 7 µg/m3 and PM10 = 8 µg/m3).  
Conclusions. Low values of the Angstrom parameter (less than 0.8) do not by themselves indicate 
the presence of an aerosol, such as dust or smoke, in the atmosphere. However, being combined with 
high (exceeding the background values by more than 1.5 times) values of aerosol optical thickness and 
concentrations of PM2.5 and PM10 particles (exceeding the background values by more than 3 times), 
the data set is an evidence of the presence of aerosol – dust or smoke – in the atmosphere. It is noted 
that the aerosols of such types can be detected by the measurements of PM2.5 and PM10 particle 
concentrations only when they are in the atmosphere surface layer. Therefore, the conclusions on 
presence of these types of aerosols in the atmosphere, being based only on the measurements of 
calculated concentrations, are not reliable. 
Keywords: SPM, AERONET, VIIRS, SILAM, reverse trajectories, HYSPLIT, Angstrom parameter, 
dust aerosol, aerosol, smoke, spectral coefficient of sea brightness, aerosol optical thickness, AOD, 
Black Sea, atmospheric aerosol, satellite monitoring, ground monitoring, optical characteristics 
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Introduction 
The need to study various types of aerosols is due to a number of factors 

affecting the upper layer of water in basins. Firstly, aerosols can be transported over 
significant distances from their sources, thereby influencing changes in the chemical 
composition of the atmosphere above regions [1, 2].  

Secondly, aerosols of various origins affect the accuracy of the reconstruction 
of the spectral variability of the radiance coefficient of upward radiation [2–4]. Since 
the bio-optical characteristics of water bodies are analyzed by satellite data, in order 
to correctly assess these characteristics, it is necessary to consider what kind of 
aerosol is present in the atmosphere above the region under study [5–9]. Aerosols 
(such as dust and smoke) do not provide an opportunity to obtain objective estimates 
because the standard atmospheric correction algorithm used by NASA does not take 
into account the stratification of such aerosols [1, 10]. 

Thirdly, aerosol contains microelements, especially nitrogen, phosphorus, and 
silicon, which can serve as additional nutrient sources for phytoplankton when 
deposited in the upper layer of water bodies [11, 12]. Depending on which type 
of aerosol is identified in the atmosphere above the region under study as a result 
of transport, it is determined which microelements will end up in the upper layer of 
water after precipitation.  

Currently, various aerosol fractions, i.e., the distribution of aerosol particles 
according to their size, are widely studied. The coarse fraction (0.6–10 μm) falls in 
the range of near-zero values of the Angstrom indices. The situation with 
the submicron fraction of the aerosol (0.1–0.6 μm) is more complicated, since 
the Angstrom parameter varies with a shift of the maximum of the size distribution 
function within this interval.  

During the development of a dust storm, heat exchange processes and changes 
in the dynamics of microphysical processes are accompanied by strong winds and 
the intrusion of a cold air front. This leads to the transport of a large amount of 
the aerosol dust fraction with particles larger than 2 μm and to a decrease in 
the content of the finely dispersed (submicron) fraction, which is explained by 
the following causes: 

1) intrusion of denser air masses with high dust content, which can lead to
mechanical displacement of suspended particles of the submicron fraction into 
higher air layers; 

2) adhesion of submicron fraction aerosol particles to coarse fraction dust
particles; 

3) expulsion of finely dispersed negatively charged dust particles by
the negative electrostatic field of the earth’s surface. 
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Particles in the background submicron fraction that collide with larger dust 
storm particles and take electrons from them become negatively charged, and coarser 
particles become positively charged. The submicron particles then rise higher under 
the influence of the Earth’s electrostatic field. The development of a dust storm 
promotes processes that include the acquisition of a negative charge as a result of 
collisions between fine particles and a positive charge between large particles, which 
promotes the stratification of the dust cloud. This is why dust haze can be observed 
in stripes [13]. As a result, the ejection of soil particles by electrostatic forces 
increases. Measurements of ion concentration in the dispersed phase of air at 500 
and 6000 m level in a clean and dusty atmosphere [14–16] indicate an increase in 
the concentration of negatively charged ions and a simultaneous decrease in 
the number of positively charged ions during a dust storm, which also confirms 
the electrostatic hypothesis. 

Heavy dust storms are often followed by prolonged torrential rainfall, even in 
summer. In this case, the most wash-out resistant component of the atmospheric 
aerosol is the submicron fraction. It remains in the atmosphere after intense rainfall, 
and the coarse fraction decreases to almost 0. After rainfall, the coarse fraction of 
the aerosol is completely restored in the atmosphere only after several days. 
An additional band appears in the spectrum at 1300 cm−1; it is associated with 
an increase in the nitrate content of the aerosol. The decrease of the band at 
1400 cm−1 compared to 1300 cm−1 is associated with the decrease of inorganic 
carbonates. The silicate content in the submicron fraction of the aerosol decreases. 

Studies of the main optical properties over the Black Sea have been relevant and 
in demand since the beginning of the 20th century, although a detailed analysis of 
the spatio-temporal variability of the Angstrom parameters for this region is still 
a poorly understood problem in marine and atmospheric optics.  

The purpose of the study is to perform a comparative analysis and estimation of 
Angstrom parameter values obtained at the Black Sea stations Sevastopol and 
Section_7 of the AERONET network from spring 2019 to spring 2024 using satellite 
and ground-based monitoring data, as well as the results of atmospheric dynamics 
modeling. 

Research methods and instruments 
In this work, the following types of atmospheric aerosol data have been used: 

data from measurements with a portable SPM photometer [17], photometers from 
stations of the international aerosol monitoring network AERONET, the VIIRS 
radiometer from the Suomi NPP satellite [18–20]; data from the HYSPLIT and 
SILAM models, as well as PM2.5 and PM10 particle concentrations obtained from 
measurements with the Espada M3 detector. Particulate matter (PM) is an 
atmospheric pollutant that is most often analyzed in terms of mass concentrations of 
particles. 

The Angstrom parameter (α) is the exponent name in the formula for 
the dependence of aerosol optical thickness on the wavelength 

 

( )0 0( ) ( ) −ατ λ τ λ = λ λ ,                                                    (1) 
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where ( )τ λ  is the optical thickness at a given wavelength; 0 0λ λ; λ is the standard 
(reference) wavelength 0F

1. 
The aerosol optical depth (AOD) of the atmosphere is most commonly 

calculated using the Bouguer law, which is based on the spectral attenuation of direct 
solar radiation. In this case, the light attenuation due to the Rayleigh molecular 
scattering and absorption by the gaseous components of the atmosphere is calculated 
to determine the AOD, which is then subtracted from the total optical depth of 
the atmosphere [21]. AOD is an indicator of the variability of the optical properties 
of the atmosphere due to the correlation between the concentrations of aerosol 
particles and the light attenuation coefficients, the data of which are obtained 
through the widespread use of satellite remote sensing methods [22, 23]. Various 
aerosol fractions, i.e., the distribution of aerosol particles according to their size, are 
widely studied nowadays. The coarse fraction (0.6-10 μm) falls in the range of near 
zero values of the Angstrom indices. The situation with the submicron fraction of 
the aerosol (0.1-0.6 µm) is more complicated, since the Angstrom parameter varies 
with a shift of the maximum of the size distribution function within this interval. 

In this work, for the calculation of the AOD we use the measurements of 
photometers (SPM and CIMEL) at wavelengths λ within 340−2134 nm, except for 
the 936 nm channel, according to the measurements on which the water vapor 
content in the atmospheric column is determined [17, 22, 23]. 

The Visible Infrared Imaging Radiometer Suite (VIIRS) provides Deep Blue 
NASA Standard Level-2 (L2) aerosol products from the Joint Polar Satellite System 
(JPSS). VIIRS provides satellite measurements of AOD and aerosol properties over 
land and ocean as daily data with a 6-min step. To obtain AOD values, the VIIRS 
Deep Blue Aerosol (DB) algorithm has been proposed since February 17, 2018 [21]. 
Based on the results of the algorithms, an array of scientific data containing 
information on 55 layers is created. The DB algorithm is designed to determine 
the aerosol type over land, and the Satellite Ocean Aerosol Retrieval (SOAR) 
algorithm – over water (water areas). As a result of processing the signals received 
at certain operating ranges of VIIRS, the data on AOD L2DeepBlue are obtained by 
two algorithms, and this is a reference data at the wavelength of 550 nm [18−20]. 

Both algorithms allow to determine the atmospheric aerosol type during 
the daytime in the absence of clouds and snow. On land, the aerosol type is classified 
based on the AOD values, the Angstrom parameter (α), the Lambert Equivalent 
Reflectivity (LER), and the brightness temperature. The combined aerosol type over 
land and ocean is determined based on pixels that have passed the quality check [20]. 

The SILAM software package is widely used to study the impact of forest fires, 
volcanic eruptions, dust transport and other natural and industrial disasters on 
atmospheric pollution in general. The calculation scheme for these effects is based 
on the Lagrange – Euler model. The SILAM pollutant dispersion computer modeling 
system developed by the Finnish Meteorological Institute is a modern, powerful tool 

                                                           
1 Ångström A., 1929. On the Atmospheric Transmission of Sun Radiation and on Dust in the Air. 

Geografiska Annaler, 11(2), pp. 156-166. https://doi.org/10.1080/20014422.1929.11880498 
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for modeling the dispersion characteristics of aerosols, gas components, dust 
particles, radionuclides, and natural allergens in the atmosphere [24]. 

The SILAM model provides the maps showing concentrations of fine particles 
up to 2.5 µm in diameter (PM2.5) and coarse particles up to 10 µm in diameter 
(PM10) at 10 m above ground level. Local pollution cannot be identified with 
the SILAM model, but it visualizes global pollution well [24–27]. 

In order to find sources of different types of aerosols over the Black Sea, 
the HYSPLIT software package 1 F

2 for modeling reverse trajectories of flow motion 
is used in this work. For estimating the concentration of particulate matter, the results 
of measurements by the Espada M3 detector (http://www.ocrkj.com) of Chinese 
manufacture are used. They provide air quality monitoring according to 
the following parameters: 

− PM2.5 is aerosol microparticles (PM2.5 and PM10 measurement range 
0−2500 μg/m³); 

− PM10 is aerosol particles larger than 10 μm; 
− TVOC is volatile organic compounds, including toxic benzene and styrene 

(TVOC measurement range is 0 – 2.5 mg/m³); 
− AQI is Air Quality Index, one of the integrated indicators of air pollution in 

the atmosphere. The air quality index is a piecewise linear function of 
the concentration of pollutants in the atmosphere: sulfur dioxide (SO2), nitrogen 
dioxide (NO2), PM10 and PM2.5, carbon monoxide (CO), and ozone (O3). The US 
Environmental Protection Agency (EPA) has established national air quality 
standards for each of these pollutants. The AQI calculation is based on the ratio of 
the measured average concentration of a pollutant to its standard (allowable) 
concentration. 

The detector has a color TFT display for showing information about the air 
condition on several screens. LED ring is an air quality indicator and can change 
color from green to red depending on the values of the measured parameters, where 
green corresponds to the norm and red – to the critical level of pollution. 

 
Results 

As a result of measurement data retrieval from the SPM photometer of 
Sevastopol station and the CIMEL photometer of the Section_7 station of 
the international AERONET network for the period from 27.08.2019 to 31.03.2024, 
60 dates were obtained on which the calculated values of the Angstrom parameter at 
the stations differed by more than 2.5 times. Figure 1 indicates five dates where the α 
values differed by more than 10 times. Out of 60 dates of the period under study, 17 
of them showed differences in values of more than 5 times. The maximum difference 
in the values of the Angstrom parameters (more than 27 times) was obtained on 
09.09.2020 (αSPM = 0.05, and αAERONET = 1.46). Such a difference in values indicates 

                                                           
2 Draxler, R.R. and Rolph, G.D., 2010. HYSPLIT (HYbrid Single-Particle Lagrangian Integrated 

Trajectory) Model Access via NOAA ARL READY Website. Silver Spring, MD: NOAA Air Resources 
Laboratory.  
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that different types of aerosol were observed in the atmosphere over the western and 
central parts of the Black Sea. 

F i g.  1. The Angstrom parameter values at the stations of AERONET network: Sevastopol – based on 
the SPM photometer data, and Section_7 – based on the CIMEL photometer data 

F i g.  2. Spectral variability of AOD values at the stations of AERONET network: Section_7 – based 
on the CIMEL photometer measurements, and Sevastopol – based on the SPM photometer data on 
09.09.2020 

The analysis of the main optical characteristics revealed that the AOD spectral 
behavior obtained from the data of two photometers for 09.09.2020 varies greatly in 
the wavelength range of 380-680 nm. For example, a comparative analysis of the AOD 
values at a wavelength of 500 nm (AOD(500)) showed a twofold difference in values. 
However, it is worth noting that both at Sevastopol station and Section_7 station 
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the obtained AOD values are several times lower than the background values (for 
Sevastopol station AOD(500) = 0.036 at a background AOD(500) = 0.18, and for 
Section_7 AOD(510) = 0.074 at a background AOD(510) = 0.15 (Fig. 2)). When 
studying the atmosphere over different regions, the background characteristics of 
the atmospheric aerosol are determined to identify anomalous situations. In this paper, 
background aerosol refers to the average values of the optical properties, excluding 
outliers (jumps in values). 

Analysis of satellite images on 09.09.2020 revealed that the atmosphere over 
the Black Sea was clear (minimal cloudiness) (Fig. 3, a). For all studied areas of 
the Black Sea region, the predominant aerosol type for that day was indicated using 
the DB algorithm: over the western part of the Black Sea – dust and mixed, and over 
the Sevastopol station – background (Fig. 3, b). 

а                                                                        b 
F i g.  3. VIIRS spectroradiometer images: color-synthesized in natural colors (TrueColor) (a), and 
obtained using the Satellite Ocean Aerosol Retrieval algorithm (b) for 09.09.2020 (Source: 
AERDB_L2_VIIRS_NOAA20_NRT doi:10.5067/VIIRS/AERDB_L2_VIIRS_NOAA20_NRT.002; 
AERDB_L2_VIIRS_NOAA20 doi:10.5067/VIIRS/AERDB_L2_VIIRS_NOAA20.002) 

For the day with the maximum variation of the α-values, the HYSPLIT 
modeling data of the reverse trajectories (Fig. 4) and the SILAM loading data of 
the dust aerosol (Fig. 5) were analyzed. The HYSPLIT model results revealed that 
at two heights (2000 and 3000 m) the transport from the northeast is recorded for 
both stations. The data on the transport direction at 1500 m height are different: for 
the western Black Sea station Section_7 transport from the northeast is observed, and 
for Sevastopol station (as well as for two other heights) – from the northwest 
(Fig. 4, a). 

The dust aerosol loading data from the SILAM model were used to obtain 
the dust concentrations for both stations. As shown in Fig. 5, a, the dust 
concentration at Sevastopol station on 09.09.2020 was zero (no dust detected), while 
at the western Black Sea station its value reached 60 μg/m3 at 14:00. According to 
Figure 5, b, the source of dust activity on this day moved from the Karakum Desert 
along the Caspian Sea towards the northwest, and the reverse trajectories, according 
to the HYSPLIT model results for Section_7 station, passed precisely through 
the area of the dust cloud (see Fig. 4, b). 

https://doi.org/10.5067/VIIRS/AERDB_L2_VIIRS_NOAA20_NRT.002
https://doi.org/10.5067/VIIRS/AERDB_L2_VIIRS_NOAA20.002
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а        b 
F i g.  4. Reverse trajectories of air flow transfer based on the results of HYSPLIT modeling for 
the stations of AERONET network: Sevastopol (а) and Section_7 (b) for 09.09.2020 (Available at: 
http://ready.arl.noaa.gov/HYSPLIT.php)  

а             b 
F i g.  5. Results of modeling dust concentration in the atmosphere based on the SILAM data for 
the stations of AERONET network Sevastopol and Section_7 for 09.09.2020 (Available at: 
https://thredds.silam.fmi.fi/thredds/catalog/catalog.html)  

As a result of the analysis of variability of the Angstrom parameter (Fig. 1), 
the period from 27.08.2019 to 30.09.2019 was indicated, when the values of two 
stations differed by 5 times or more during the month. The maximum difference of 
13 times was recorded on 08.09.2019 (αSPM = 0.1, and αAERONET = 1.31), and 
the minimum difference of 5 times was recorded on 06.09.2019 (αSPM = 0.3, and 
αAERONET = 1.6). The dates 27.08.2019 and 30.09.2019, when the Angstrom 
parameter values differed by 11 and 9 times, respectively, are also indicated in Fig. 6. 
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F i g.  6. The Angstrom parameter for the stations of AERONET network Sevastopol and Section_7 for 
the period 27.08.2019–30.09.2019 

Another quality characteristic of atmospheric air and aerosol is 
the concentration of PM2.5 and PM10 particles. The concentration of particles is 
obtained only for the ground layer, which is why the characteristic cannot fully 
reflect the situation of aerosol loading. This characteristic is applied to estimate local 
emissions, for example, near industrial facilities or near agricultural fields where 
insecticides are utilized. AOD, unlike PM concentration, is measured in the entire 
column of the atmosphere [18, 22], thus, its analysis is more often used to determine 
the atmospheric condition over the region under study. 

In order to exclude the influence of local emissions of aerosol pollution caused 
by large-scale aerosol transport from June 2023 to May 2024 on the accuracy of 
particle concentration determination, we analyzed a dataset comprising PM2.5 and 
PM10 particle concentrations obtained from the Espada M3 detector, AOD spectral 
values from the SPM photometer, VIIRS satellite data, and aerosol data from 
the SILAM model. Analysis of all these data is required to assess the impact of 
aerosol deposition on the surface layer of the Black Sea. The detection of aerosol 
containing trace elements (nitrogen, phosphorus, and silicon) is important, since 
during deposition it enters the upper layer of water bodies and can subsequently 
cause a short-term increase in phytoplankton bioproductivity [28−32]. When 
the additional supply of trace elements ceases, bioproductivity returns to the original 
level. 

Previously, background values of the main optical characteristics were obtained 
for Sevastopol station [13, 33]. For days with such characteristics we performed 
variability analysis of PM2.5 and PM10 values, which made it possible to obtain 
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background values of concentration of small and large particles: PM2.5 = 7 μg/m3, 
PM10 = 8 μg/m3. 

Throughout the day of November 30, low AOD values relative to 
the background ones were observed (average daily value of AOD(500) = 0.06). 
However, the particle concentration values, according to the measurements of 
the Espada M3 detector, exceeded the background values for that day by more than 
three times (PM2.5 = 23 μg/m3, PM10 = 25 μg/m3). Analysis of the contribution of 
large and small particles to the total AOD distribution for this day revealed 
the dominance of fine aerosol (85%). Particle concentration data from the SILAM 
model demonstrated minimal discrepancies with the field data (Fig. 7). These values 
of AOD and particle concentrations show that on 30.11.2023 the aerosol did not 
reach the layers of the upper atmosphere, the aerosol effect was local in the surface 
layer of the atmosphere up to 50 m (measurements were carried out at 45 m height), 
and the ground aerosol made a minimal contribution to the total AOD value of 
the entire atmospheric layer. 

a                                                                 b 
F i g.  7. Results of simulating the concentrations of PM2.5 (а) and РМ10 (b) particles based on 
the SILAM data at 22:00 on 29.11.2021 

In the period from 07.10.2023 to 07.11.2023, abnormally low values of 
the Angstrom parameter and AOD were obtained (Fig. 8). Out of 13 days of 
measurements, only on one day (23.10.2023) the values of the aerosol optical depth 
(AOD(500) = 0.26) exceeded the background values, however, the values of 
the Angstrom parameter (α = 0.3) for this day were also much lower than 
the background value (α = 1.25). Sunny clear weather was observed on 23.10.2023 
until 14:00. During this period of the day, the values of the main optical properties 
were different from the background values. This corresponds to the presence of 
aerosol in the atmosphere, such as dust aerosol or smoke. At the same time, 
according to the Espada M3 detector, the concentration values of PM2.5 particles 
did not exceed 12 μg/m3 and PM10 – 13 μg/m3.  

After 14:00, a continuous dense haze appeared in the sky, making it impossible 
to continue measurements with the photometer. However, measurements with 
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the detector do not depend on the presence of the sun, so the monitoring of 
the concentration values was continued. As a result of the measurements, a gradual 
increase in the concentration of particles was recorded: at 17:30 the PM2.5 values 
were 27 μg/m3 and PM10 values were 34 μg/m3; at 21:30 they reached a maximum – 
PM2.5 = 31 μg/m3 and PM10 = 36 μg/m3. This type of variability of atmospheric 
parameters indicates that aerosol particles were above the surface layer at 
the beginning of the day (which was confirmed by increased AOD values), and then, 
gradually settling on the underlying surface, began to coagulate moisture, forming 
a layer of haze. 

F i g.  8. The Angstrom parameter and АОD(500) based on the SPM photometer data at Sevastopol 
station 

It is noteworthy that at the beginning and in the middle of the day large and 
small particles were present in the surface layer in average amounts (detector data 
within the annual average values of PM2.5 = 11 μg/m3 and PM10 = 12 μg/m3). 
Intense deposition of aerosol particles began after 14:00, due to this fact their 
maximum amount fell on the underlying surface at 21:30, which is confirmed by 
the maximum values of the concentration of PM2.5 and PM10 particles. Satellite 
data confirm the transport of dust aerosols from the Sahara on 23.10.2023 (Fig. 9, a, 
b). VIIRS AOD(500) values in the range from 0.27 to 0.275 (marked on the scale 
(Fig. 9, c)) are close to the photometric natural values obtained at Sevastopol station. 

Previous studies have shown that dust transport events over the Black Sea last 
from 1 to 10 days [1, 13, 34]. To determine the onset of the transport event, data 
from the second half of October were analyzed. The AOD values on 19.10.2023 
obtained at Sevastopol station from SPM measurements corresponded to the AOD 
values of a clear atmosphere (AOD(500) = 0.040), as did the VIIRS satellite data 
AOD(500) = 0.04, which are in complete agreement with the field data (marked on 
the AOD scale (Fig. 10, a)). The chlorophyll a concentration values for this day are 
typical for October (Fig. 10, b). 
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а 

c 

b 

F i g.  9. Satellite images of dust transfer obtained by the VIIRS spectroradiometer for 23.10.2023: 
color-synthesized in natural colors (TrueColor) (а); obtained using the Satellite Ocean Aerosol 
Retrieval algorithm (b) and obtained using satellite AOD(500) measurements  (c) 

а         b 
F i g.  10. Spatial distribution of aerosol optical depth at a wavelength 500 nm (а) and chlorophyll 
a concentration based on the VIIRS satellite data obtained over the Black Sea region (b) for 19.10.2023 

As early as 20.10.2023, the atmospheric parameters over the western part of 
the Black Sea water area and coast changed according to photometric, satellite and 
modeling data. It is the date of 20.10.2023 that marks the beginning of dust transport 
from the Sahara (Fig. 11). As can be seen in Fig. 11, the western part of the water 
surface, where the chlorophyll a concentration values were not determined, is not 
covered by clouds; thus, the absence of data can only be explained by the presence 
of a large number of aerosol particles over this area. This fact is confirmed by 
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the high AOD values and the dominant dust type of aerosol according to the VIIRS 
radiometer data (Fig. 11). 

а 

с 

b 

d 

e 
F i g.  11. Satellite images: color-synthesized in natural colors (TrueColor) (а), obtained using 
the Satellite Ocean Aerosol Retrieval algorithm (b), obtained using the AOD(500) satellite 
measurements (c) and chlorophyll a concentration (d) based on the VIIRS satellite data obtained over 
the Black Sea region on 20.10.2023; reverse trajectories of air flow transfer based on the results of 
HYSPLIT modeling for the western Black Sea station  

Analysis of satellite, field and modeling data revealed that the end of dust 
transport over the Black Sea stations was recorded on 29.10.2023 (the dust plume 
shifted towards the southwestern coast during that day), and on 30.10.2023 dust 
aerosol was completely absent in the atmosphere over the entire Black Sea water 
area and coast. This means that low values of the Angstrom parameter alone do not 



 

PHYSICAL OCEANOGRAPHY   VOL. 32   ISS. 1   (2025) 146 

indicate the presence of aerosol, such as dust or smoke in the atmosphere. However, 
in combination with high values of the aerosol optical thickness and 
the concentration of PM2.5 and PM10 particles, they give grounds to assert that there 
is an aerosol of these two types over the study area (at the same time, it cannot be 
asserted that it is present over the entire study area). 

 
Conclusion 

A comparative analysis of the Angstrom parameter values at the Black Sea 
stations Sevastopol and Section_7 allowed us to identify the dates when optical 
characteristics corresponding to dust aerosol were recorded at one station, while this 
type of aerosol was not recorded at the other station. This confirms different aerosol 
load over the western and central parts of the Black Sea and spatial variability of 
the main optical properties of the aerosol when recording dust transport from 
the Sahara Desert.  

The measurements of PM2.5 and PM10 particle concentrations on days with 
background optical characteristics of atmospheric aerosol allowed us to obtain 
the values of the background characteristics of suspended particles 
(PM2.5 = 7 μg/m3, PM10 = 8 μg/m3). 

The principal conclusion of the study is that low values of the Angstrom 
parameter in combination with high (exceeding the background ones by more than 
1.5 times) values of the aerosol optical depth as well as high (exceeding 
the background ones by more than 3 times) values of the concentration of PM2.5 and 
PM10 particles indicate the presence of dust aerosol or smoke from fires in 
the atmosphere over the study area. However, if only low values of the Angstrom 
parameter are obtained at the photometric station, this does not indicate the presence 
of an aerosol such as dust or smoke in the atmosphere. This work reveals that 
the presence of these types of aerosols over one area of the Black Sea region (over 
Sevastopol) does not mean their presence over the entire Black Sea region. 
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