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Abstract: Mineral aerosols are considered to be the second largest source of natural aerosol, the
Saharan desert being the main source of dust at global scale. Under certain meteorological conditions,
Saharan dust can be transported over large parts of Europe, including Romania. The aim of this
paper is to provide a complex analysis of a Saharan dust outbreak over the Transylvania region of
Romania, based on the synergy of multiple ground-based and satellite sensors in order to detect
the dust intrusion with a higher degree of certainty. The measurements were performed during the
peak of the outbreak on April the 24th 2019, with instruments such as a Cimel sun-photometer and a
multi-wavelength Raman depolarization lidar, together with an in-situ particle counter measuring
at ground level. Remote sensing data from MODIS sensors on Terra and Aqua were also analyzed.
Results show the presence of dust aerosol layers identified by the multi-wavelength Raman and
depolarization lidar at altitudes of 2500–4000 m, and 7000 m, respectively. The measured optical and
microphysical properties, together with the HYSPLIT back-trajectories, NMMB/BSC dust model, and
synoptic analysis, confirm the presence of lofted Saharan dust layers over Cluj-Napoca, Romania.
The NMMB/BSC dust model predicted dust load values between 1 and 1.5 g/m2 over Cluj-Napoca at
12:00 UTC for April the 24th 2019. Collocated in-situ PM monitoring showed that dry deposition was
low, with PM10 and PM2.5 concentrations similar to the seasonal averages for Cluj-Napoca.
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1. Introduction

Aerosols are an important component of the atmospheric mixture which influence radiative
forcing through the atmosphere [1]. Besides the radiative effects, aerosols can pose a significant hazard
to human health [2,3] and to certain economic sectors, having a significant economic impact. In this
case, similar to what took place in some Eastern and Western Asian countries, aerosols can affect
constructions, aerial and terrestrial transportation (flight delay and traffic accident rate changes), trade,
agriculture (crop degradation), manufacturing, and households over short and long term periods [4,5].

Mineral aerosols are considered to be the second largest source of natural aerosol [6]. They usually
originate from soil ablation in arid areas and are lofted to high altitudes by thermal turbulences and are
subjected to long range transport [7,8]. Dust originating from the Sahara and Sahel regions of Northern
Africa accounts for more than 50% of the global atmospheric mineral dust [9,10]. It is estimated
that roughly 800 million tones/year of dust is subjected to aeolian transport from these two sources
alone [11,12]. Upwards of 10% of these Saharan dust emissions are transported over continental
Europe and the Mediterranean Sea [11]. Seasonal trajectories have been discussed in the scientific
literature, with peak emissions observed in spring and summer [12,13]. Studies such as [14] show
that transport over larger ranges are expected during April through June, while vertical transport is
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highest from April through September. Under certain meteorological conditions, significant amounts
of Saharan dust are transported north, over the Mediterranean basin [15–17] and in severe cases, even
over Western, Central, and Eastern Europe [18–21]. Dust outbreaks have been observed as far as
northern Europe and the Baltic Sea [10,22]. Dust trajectories from North Africa to Continental Europe
are often linked to the movement of two pressure systems. The strength and dynamics of these systems
determine the potential to carry dust plumes over long ranges [22,23].

A severe dust intrusion can have intense socio-economic and environmental consequences.
In previous studies, it was observed that the amount of Saharan dust in Romania can be above the
threshold presented in the national legislation, which poses danger for human health [24]. Furthermore,
a Saharan dust plume can influence the climate of Romania. Dust particles lofted above Romania are
majorly mixed with pollutants of other European countries, and can easily lead to air pollution [25].
Concerning the additional environmental impacts of a dust intrusion, the pH of precipitations can
increase due to the influence of Saharan dust events, similar to what took place in other European
countries [26].

There is a need, at stakeholder level, for near-real-time monitoring and early warning systems.
These systems could be developed for a region as extensive as Romania with the input of additional
data sets from other sources [27]. With the integration of different data sets, information on the size
and concentration of the dust particles, the dynamics of the dust plume, its altitude, etc. could be
obtained. Generally, using different data from various sensors gives us the ability to comprehensively
identify the dust intrusion’s characteristics (that could not be performed using just a single sensor).
The more information is sent to stakeholders, policy makers, and natural hazards specialists, the more
accurate their decisions will become.

Therefore, in this paper, our main intention is to provide more information through multi-source
data integration. In Romania there are several studies focusing on Saharan dust intrusions [28–31].
However, these studies were conducted in the southern and eastern part of Romania. In the
north-western part of Romania, there is limited information on Saharan dust intrusions, with the
majority of the studies carried out in this region [24,32,33] relying mostly on single-sensor information.

Due to the high degree of heterogeneity and spatial-temporal variability of atmospheric aerosols,
the study of their composition, distribution, and dynamics is currently monitored at a global level.
This monitoring can be ground-based, airborne or satellite-based.

Talianu et al., 2007 [34] detected a dust event over Bucharest, Romania, and also determined the
dust type using a lidar system accompanied by a model data prognosis and air masses backward
trajectories. Tudose, 2013 [25] studied a Saharan dust intrusion in Romania (occurred in July 2012)
and its influences on the local weather using lidar data and complementary methods. Ajtai et al.,
2017, [32] found that the aerosol properties over Cluj-Napoca, Romania derived from AERONET
sun-photometric data using a CIMEL CE 318A radiometer. Labzovskii et al., 2014 [29] attempted to
determine the properties of a Saharan dust intrusion (occurred in May and June 2013) over Bucharest
(south of Romania) using lidar and sun-photometer. S, tefănie et al., 2015 [24] detected the dust intrusion
over Cluj-Napoca, Romania (in April 2014) using a lidar system, FLEXPART and HYSPLIT models.
They identified the source of the dust plume and measured the ground level concentration of dust
particles using an optical aerosol monitor. Cazacu et al., 2017 [35] assessed the temporal and vertical
variation of Saharan dust concentration near Bucharest, Romania (from the data related to 2012) using
the lidar system and some auxiliary methods. Mărmureanu et al., 2019 [36] studied the synoptic-scale
conditions leading to the Saharan dust intrusion that was mixed with snow precipitation (occurred in
March 2018) over the south-east of Romania. They analysed the dust morphology, particle size, and
the physical and chemical properties. They also developed a method that visualized the presence of
some minerals.



Atmosphere 2020, 11, 364 3 of 14

This paper contributes to the above-mentioned regional studies analyzing Saharan dust intrusions
in the north-western part of Romania (which have not yet been sufficiently studied in this part of the
country) using integrated, prevalent techniques and equipment types and satellite-based imagery.
Thus, the integration of different datasets brings added value and leads to the extraction of valuable
and more reliable information on the phenomenon of dust intrusions.

The aim of this paper is to provide a complex analysis of a Saharan dust outbreak over the
Transylvania region of Romania based on the synergy of multiple ground-based and satellite sensors,
in order to detect the dust intrusion with a higher degree of certainty. This outbreak occurred between
April 21st and 25th 2019, affecting large areas of the European continent, reaching as far north as Iceland
and Norway [37]. The exceptionally dust event was generated by a “haboob”- a cold low-pressure
system, developed on 20th of April 2019 over north-west Africa (Morocco and Algeria). Significant
amounts of dust were lifted up into the upper troposphere and then advected by the persistent southern
circulation, at first towards Western Europe and western Mediterranean, and later on (starting on
23rd of April 2019) towards south-eastern Europe. Dust loaded air masses arrived over Transylvania,
Romania on April the 24th 2019.

2. Instruments and Method

We analyzed data measured in Cluj-Napoca, Romania on April the 24th 2019 with a series of
ground-based remote sensing instruments, such as multi-wavelength Raman depolarization lidar, part
of the European Aerosol Research Lidar Network (EARLINET) [38], and a sun-photometer, part of
the Aerosol Robotic Network (AERONET) [39]. Currently, the two networks are part of the Aerosols,
Clouds, and Trace gases Research InfraStructure (ACTRIS) [40]. The Cluj-Napoca ACTRIS station can
be considered representative for the whole Transylvanian territory, and also for the Pannonian Basin,
given the limited coverage of AERONET and EARLINET in Hungary, Austria, and south-western
Ukraine. Besides the ground-based instruments, remote sensing data from MODIS sensors on Terra
and Aqua satellites were used in this analysis. During the intrusion, an in-situ optical particle counter
measured particulate matter concentrations at ground level to account for potential dust deposition.

Each data source has some limitations. For example, the altitude information is not included in
the MODIS product, but can be inferred from the lidar data. On the other hand, the two-dimensional
distribution of dust is inferred by the MODIS images. By integrating these single sensor data products,
new added value information will be extracted which could not have been collected by a single sensor.

2.1. Cimel CE 318 Sun Photometer

The Cimel CE 318 sun-photometer is a ground-based sun and sky tracking automated radiometer,
which measures aerosol optical properties using a combination of filters and azimuth and zenith
mobility. It measures sun and sky radiance in order to derive the aerosol properties. It provides aerosol
optical depth at eight spectral channels in the wavelength range of 340–1640 nm. It is a part of the
AERONET [41]. The AERONET network provides two types of data: direct Sun spectral data based
on the extinction of light through the atmospheric column (Aerosol Optical Depth (AOD), Ångström
Exponent (α), SDA (Spectral Deconvolution Algorithm) Fine mode fraction, SDA Fine/Coarse AOD,
etc.), and inversion data derived from the angular distribution of the sky radiance (volume particle size
distribution, asymmetry factor, complex refractive index, single scattering albedo (SSA), absorption,
and extinction optical depths, etc.) [42]. In this study we analyzed the aerosol optical depth (AOD),
Ångström Exponent [43], volume particle size distribution, and the single scattering albedo (SSA) from
the CLUJ_UBB AERONET station.

2.2. Multi-Wavelength Raman and Depolarization Lidar

Multi-wavelength lidar systems are active remote sensing instruments, which can provide useful
information regarding the aerosol properties on different layers due to their high temporal and vertical
resolutions. The Cluj-Napoca lidar system (CLOP) emission is based on a Nd-YAG laser Continuum
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INLITE II-30, which has a repetition rate of 30 Hz and is equipped with second and third harmonics.
The radiation at 1064, 532, and 355 nm is simultaneously emitted into atmosphere. The backscattered
radiation is collected by a Cassegrain type telescope (D300 aerosol LIDAR, Raymetrics S.A., Athens,
Greece) with a focal length of 1500 mm. The signal detection unit has a total of 6 detection channels,
4 channels for the elastically backscattered radiation at 1064, 532 (cross and parallel), and 355 nm
and 2 channels for the Raman radiation backscattered by nitrogen molecules at 607 and 387 nm. The
raw data vertical resolution is 3.75 m. The lidar system is part of the EARLINET [44]. For this event
the measurements were made during daytime with all the elastic channels and depolarization at 532
nm. Measurement sets of 2 h each were performed with a temporal resolution of 60 s. The calibrated
depolarization vertical profiles of the aerosols were computed using the method proposed by [45,46].

2.3. MODIS Retrievals

The Moderate Resolution Imaging Spectroradiometers (MODIS) onboard NASA’s Terra and Aqua
platforms have been retrieving aerosol parameters since 1999 and 2002, respectively [47]. The polar
orbiting satellites perform daily overpasses at 10:30 and 13:30 local solar Equatorial crossing time [48].
Retrieval products are split over land and ocean surfaces by three different sets of algorithms.

The standard Level-2 aerosol product has a 10 km spatial resolution, providing parameters such
as total AOD at 550 nm and fine mode fraction based on the spectral fitting error. Other parameters
may be derived from lookup tables, including Ångström Exponent, AOD at different wavelengths,
and several inversion products. Detailed descriptions of the algorithms are presented extensively in
the literature [47–50].

The 3 km product offers the same parameters as the combined land and ocean 10 km algorithm,
using a similar structure, inversion methods, and lookup tables. Differences are found in the way
reflectance pixels are selected and grouped for retrieval. This higher resolution is particularly useful
for tracing fine gradients in smoke and pollution plumes, as well as in dust events. The AOD product
selected for this study, Optical_Depth_Land_And_Ocean, provides the highest quality assurance
confidence (QAC) for AOD at 0.55 µm, QAC = 3 over land and QAC > 1 over ocean surfaces [51].
Since a similar product for Ångström Exponent is not available at this resolution (3 km), the coarser 10
km product was used as a proxy for estimating aerosol size.

2.4. Modelling Tools

Hybrid Single-Particle Lagrangian Integrated Trajectory model-HYSPLIT back-trajectories were
used to analyze the long-range transport of aerosols [52] and to identify the source area.

The NMMB/BSC forecast model developed by Barcelona Supercomputing Center [53] was also
used in order to analyze the dynamics of this event.

2.5. In-Situ Measurements

During the analyzed period, in order to identify potential dry deposition of the lofted dust
particles, in-situ measurements were performed with a DUSTTRAK™ DRX Aerosol Monitor optical
particle counter (Model 8533 with external pump, DUSSTRAK DRX Aerosol Monitor 8533EP, TSI
Incorporated, Shoreview, MN, USA) at 1.5 m above ground. It can simultaneously measure size
segregated mass fraction concentrations (PM1, PM2.5, Respirable/PM4, PM10/Thoracic, and Total PM)
over a wide concentration range (0.001–150 mg/m3) in real time.

3. Results and Discussion

3.1. Sun Photometer Data Analysis

For the April the 24th 2019 at Cluj_UBB AERONET site, we analyzed Version 3, level 1.5 data,
which are cloud screened and quality controlled, but without the final calibration. As seen in Figure 1a,
the Aerosol Optical Depth (AOD) at 500 nm has a daily average of 0.26 ± 0.02, higher than the 0.20
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± 0.05 multi-annual monthly average for April at the Cluj_UBB station. Regarding the 440–870 nm
Ångström Exponent (Figure 1b), the measured values are low (<1), and specific to coarse aerosols
like mineral dust. The volume size distribution (Figure 1c) is dominated by the coarse mode, and the
spectral derivative of the single scattering albedo (SSA) is positive in the first part of the measurement
interval (Figure 1d, 12:25 UTC), which are consistent with relatively pure mineral dust. The following
spectral SSA inversion products (13:26 UTC; 13:45 UTC) exhibit a positive, then negative, spectral
derivative, which indicate mixed polluted dust conditions [54,55]. The presence of fine aerosols in the
mixture is also indicated by the increase in the fine mode component of the size distribution for 13:26
UTC; 13:45 UTC (Figure 1c).
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Figure 1. AERONET measurements on 24.04.2019 at CLUJ_UBB station: (a) aerosol optical depth
(AOD), (b) Ångström Exponent, (c) Size distribution, (d) SSA.

3.2. Lidar Data Analysis

Regarding lidar measurements, in the first set (24.04.2019: 10:15–12:15 UTC), aerosol layers were
observed at altitudes between 3200 and 4000 m at 10:15 UTC, and at altitudes from 2500 to 4000 m
at 12:15 UTC, as seen in the Range Corrected Signals (RCS) at 1064 (Figure 2a) and 532 nm cross
(Figure 2b). At high altitudes, between 8000 and 10,000 m we can identify high cirrus ice clouds,
and below 2500 m, two non-dust aerosol layers can be observed.
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Figure 2. Cluj-Napoca lidar system (CLOP) lidar RCS for 24.04.2019: 10:15–12:15 UTC, Cluj-Napoca,
407 m ASL, at 1064 nm (a) and 532 nm cross (b); volume depolarization ratio at 532 nm (c).

The volume depolarization ratio (Figure 2c) for the higher aerosol layer (2500–4000 m) reaches 0.1,
characteristic to Saharan dust [56], while the lower aerosol layers (below 2500 m) exhibit values of 0.05
and 0.06, characteristic to non-dust aerosols (urban-industrial and/or biomass burning aerosols). The
particle depolarization ratio for the dust aerosol layer is 0.27, and varies between 0.1 and 0.13 for the
lower non-dust aerosol layers, which are in agreement with the values presented in the literature for
these aerosol types [57].

In the second lidar measurements set (24.04.2019: 12:20–14:20 UTC) we can see the same aerosol
layer between 2500 and 3700 m. In addition, a new layer is detected at higher altitude, at approx. 7000
m, as seen in the RCS at 1064 (Figure 3a) and 532 nm cross (Figure 3b), below the cirrus clouds detected
between 7500 and 9500 m. The volume depolarization ratio slightly increased to 0.12, characteristic to
Saharan dust (Figure 3c). The particle depolarization ratio for the dust aerosol layer is 0.24, which is in
agreement with the values presented in the literature for this aerosol type [57].
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Figure 3. CLOP lidar RCS for 24.04.2019: 12:20–14:20 UTC, Cluj-Napoca, 407 m ASL, at 1064 nm (a)
and 532 nm cross (b); volume depolarization ratio at 532 nm (c).

3.3. MODIS Data Analysis

In Figure 4, AOD values at 550 nm resulting from the 3 × 3 km MODIS level 2 AOD products
are represented. Terra MODIS retrieved AOD values between 0.19 and 0.27 over Transylvania, while
Aqua MODIS showed AOD values between 0.19 and 0.33. Within the 3 h gap separating the two
measurements, an increase of AOD, followed by a decrease of Ångström Exponent values, seemed
to indicate higher dust concentrations over the study area. This trend was observed in true color
images as air masses traveled East-North East. Collocated lidar measurements (Figure 2) showed
thinner layers of dust over Cluj-Napoca at 10:13 UTC, while thicker layers were observed two hours
later (Figure 3). Both AOD and Ångström Exponent satellite data showed strong correlation with the
equivalent AERONET parameters [58].
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The particle size can be estimated using the Ångström Exponent, as this parameter is inversely
related to the particle size. Regarding the range of observed values, because of the relatively low values
of Ångström Exponent (less than 1), it is inferred that the majority of particles are coarse. Furthermore,
the range of AOD values indicates that the thickness/density of particles in the air does not reach a
critical threshold (which leads to an intense decrease in visibility) yet.

In Figure 5 the Ångström Exponent values derived from the 10 × 10 km MODIS level 2 AOD
products are superimposed over a true color image of Eastern Europe. A large mass of dust aerosols
can be observed over the Mediterranean Sea and The Balkans. The satellite sensor onboard Terra and
Aqua retrieved aerosol parameters at 10:00 UTC and 11:45 UTC, respectively. Terra MODIS retrievals
exhibit Ångström Exponent values between 0 and 1.5 over Romania, with lower values ranging from
0 to 1.2 over Transylvania. Aqua MODIS retrievals exhibit Ångström Exponent values between 0
and 1.2 over Romania, with lower values ranging from 0 to 0.95 over Transylvania. These values are
consistent with ones reported in the literature for mineral dust [59]. Considering that the dust particle
size is usually much bigger in comparison with urban-industrial and biomass burning aerosol, it can
be concluded that the analyzed dust plume is not severely polluted nor heavily mixed with smoke.

Atmosphere 2019, 10, x FOR PEER REVIEW 8 of 14 

 

(a) 

 

(b) 

Figure 4. AOD MODIS Terra (a) and Aqua (b) for April the 24th 2019 

In Figure 5 the Ångström Exponent values derived from the 10 × 10 km MODIS level 2 AOD 

products are superimposed over a true color image of Eastern Europe. A large mass of dust aerosols 

can be observed over the Mediterranean Sea and The Balkans. The satellite sensor onboard Terra and 

Aqua retrieved aerosol parameters at 10:00 UTC and 11:45 UTC, respectively. Terra MODIS 

retrievals exhibit Ångström Exponent values between 0 and 1.5 over Romania, with lower values 

ranging from 0 to 1.2 over Transylvania. Aqua MODIS retrievals exhibit Ångström Exponent values 

between 0 and 1.2 over Romania, with lower values ranging from 0 to 0.95 over Transylvania. These 

values are consistent with ones reported in the literature for mineral dust [59]. Considering that the 

dust particle size is usually much bigger in comparison with urban‐industrial and biomass burning 

aerosol, it can be concluded that the analyzed dust plume is not severely polluted nor heavily mixed 

with smoke. 

 

(a) 

 

(b) 

Figure 5. Ångström Exponent MODIS Terra (a) and Aqua (b) for April the 24th 2019 

3.4. Modelling Data Analysis 

The NMMB/BSC dust model [53] predicted the Saharan dust event, as seen in Figure 6. The 

cyclonic nucleus developed over north‐western Africa on April the 20th 2019 (marked with blue 

arrows in Figure 6a), and lifted up a significant amount of dust that was carried out by upper level 

southern and south‐western circulation (emphasized by blue arrow in Figure 6b). The dust intrusion 

covered many parts of Europe, including Transylvania. The model predicted a dust load value 

between 1 and 1.5 g/m2 over Cluj‐Napoca at 12:00 UTC for April the 24th 2019. The 700 hPa wind is 

the level that corresponds to the layer centered on 3000 m, where the CLOP lidar detected the first 

dust layer in Figure 3. The south‐western circulation over the same area was revealed also at 400 hPa 

level, corresponding with the altitude of 7000 m (not shown here). 

Figure 5. Ångström Exponent MODIS Terra (a) and Aqua (b) for April the 24th 2019.

3.4. Modelling Data Analysis

The NMMB/BSC dust model [53] predicted the Saharan dust event, as seen in Figure 6. The cyclonic
nucleus developed over north-western Africa on April the 20th 2019 (marked with blue arrows in
Figure 6a), and lifted up a significant amount of dust that was carried out by upper level southern and
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south-western circulation (emphasized by blue arrow in Figure 6b). The dust intrusion covered many
parts of Europe, including Transylvania. The model predicted a dust load value between 1 and 1.5 g/m2

over Cluj-Napoca at 12:00 UTC for April the 24th 2019. The 700 hPa wind is the level that corresponds
to the layer centered on 3000 m, where the CLOP lidar detected the first dust layer in Figure 3. The
south-western circulation over the same area was revealed also at 400 hPa level, corresponding with
the altitude of 7000 m (not shown here).
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In order to determine the origin of the mineral dust layers detected over Cluj-Napoca, we used
the NOAA HYSPLIT back-trajectories model. The back-trajectories (Figure 7) show that the air masses
present over Transylvania–Cluj-Napoca station on April the 24th 2019 during the lidar measurements
originated from the Saharan desert. Similar to the [60] study, we can analyze the air masses dynamics
using Figure 7. For the trajectories that were obtained for a period of 72 h backward in time, the
traveling time from the African continent to the detection station (after leaving the African continent) is
less than 48 h, which comes in support of the previous assumption that the dust plume is relatively pure.
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3.5. In-Situ Ground Measurements Analysis

Regarding the in-situ ground level particulate matter values, during the dust intrusion on April
the 24th 2019 we measured low values of PM10 and PM2.5 with an hourly average of 21 µg/m3 for
both PM10 and PM2.5 and a maximum of 28 µg/m3 for PM10 and 27 µg/m3 for PM2.5. These values
are consistent with other measurements reported for Cluj-Napoca city during the period for which
data was available from the National Air Quality Network [61]. We can therefore conclude that there
was a very limited dry deposition of Saharan dust particles in Cluj-Napoca during this event, and the
high-altitude transport continued further north.

4. Conclusions

In this paper, we analyzed a severe dust outbreak over Transylvania, Romania, during April 2019,
using multiple remote sensing and in-situ instrumentation supported by modelling tools. These results
can also be considered representative for the Pannonian basin.

Results show the presence of dust aerosol layers identified by the multi-wavelength Raman and
depolarization lidar at altitudes of 2500–4000 m, and 7000 m, respectively.

An analysis of the optical and microphysical columnar properties from AERONET reveals an
increase in the aerosol optical depth (AOD), but the AOD range indicates that the density of lofted dust
particles has not reached a critical threshold that would affect visibility. Sun-photometer measurements
exhibit low values of the Ångström Exponent (<1) and a dominant coarse mode (>1 µm) in the
AERONET particle size distribution.

For the dust layers observed, the volume linear depolarization ratio obtained from the lidar’s 532
nm channel is 0.1–0.12, which is characteristic for mineral dust. The 532 nm particle depolarization
ratio is 0.24–0.27, and remains relatively constant within the dust layers, indicating that the mineral
dust particles are evenly spread.

The variations in the spectral derivative of the SSA, along with lidar information about the
presence and depolarization characteristics of non-dust layers below 2500 m indicate the presence of
biomass burning and/or urban-industrial aerosols below 2500 m. Therefore, it can be concluded that
the dust layers above 2500 m are neither severely polluted nor heavily mixed with smoke.

The analysis of the MODIS retrievals provides added value information on the spatial distribution
of the aerosol optical properties (AOD and Ångström Exponent) over Transylvania, and is in agreement
with the AERONET ground-based measurements from Cluj-Napoca.

Based on these results, and on the HYSPLIT back-trajectory, NMMB/BSC forecast, and synoptic
analysis, we can confirm the presence of lofted Saharan dust layers over Cluj-Napoca, Romania during
the April 2019 outbreak.

Collocated in-situ PM monitoring carried out with an optical particle counter showed that
dry deposition was low, with PM10 and PM2.5 concentrations similar to the seasonal averages
for Cluj-Napoca.

The case analysis carried out in this paper can be an example of a comprehensive monitoring
and characterization of the Saharan dust plume in the north-western part of Romania. The results
of this article provide a variety of geo-spatial, temporal and qualitative information on the Saharan
dust intrusion in the Transylvania and Pannonian basins. This source of information, obtained from
various multi-modal datasets, can help in the forecast and management of this natural hazard in a
more efficient way.
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