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Abstract: In the present study, dust aerosol episodes (DAEs) in the broader Mediterranean Basin
(MB) are investigated over a 15-year (2005-2019) period using contemporary MODIS Collection 6.1
and OMI OMAERUYV satellite data and a satellite algorithm applying a thresholding technique on
selected aerosol optical properties. The algorithm operates on a daily and 1° x 1° pixel level basis,
first identifying the presence of dust, and consequently requiring the presence of unusually high
dust loads, i.e., dust episodes. Apart from the presence of pixel-level DAEs, an extended spatial
coverage of dust is also required. Thus, a specific day is characterized as a Dust Aerosol Episode
Day (DAED), when at least 30 episodic pixels exist over Mediterranean Basin (MB). According to
the algorithm results, 166 DAEDs (116 strong and 50 extreme) took place in the MB from 2005 to
2019. Most DAEDs occurred in spring (47%) and summer (38%), while a different seasonality is
observed for strong and extreme episodes. The interannual variability of DAEDs reveal a decreasing
trend, which is however not statistically significant.
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1. Introduction

Dust is the Earth’s most abundant aerosol type, mostly originating from great deserts
(Sahara, Taklimakan, Gobi, Middle East), but also from agricultural and construction ac-
tivities. The emitted dust remains in the atmosphere from a few hours up to several days,
while under favorable conditions it is transported far from its sources. During this
transport, the physical and chemical properties of dust can change, thus affecting its ac-
tion as Cloud Condensation Nuclei (CNN) or Ice Nuclei (IN) as well as its interaction with
radiation. Given that it acts as CNN and/or IN, dust modifies the physical and optical
properties of clouds and consequently their lifetime and precipitation efficiency. It has
been found that aerosols, including dust, increase the Cloud Droplet Number Concentra-
tion (CDNC) while decreasing the cloud effective radius, thus leading to reduced precip-
itation and cloud dissipation [1]. However, Aerosol Cloud Interactions (ACI) vary de-
pending not only on the aerosol type, but also on the cloud type. Thus, it was found [2]
that ACI increase cloud lifetime, and thus cloudiness, by reducing droplet size and nar-
rowing the droplet spectrum. Therefore, it is clear that the radiation and energy budget
of the areas affected by the presence of dust, e.g., transport, can be altered directly and/or
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indirectly. Hence, it is obvious that aerosols, and especially dust, which is the most abun-
dant aerosol on a planetary scale, play a significant role in weather and climate patterns.

Although dust aerosols have been extensively investigated during the last decades,
they contribute to one of the major uncertainties in climate model predictions [3]. Thus,
there is need for improving scientific knowledge about dust transport, especially over ar-
eas like MB, which is close to the Sahara, Middle East, and Arabian deserts, and frequently
undergoes dust transport, resulting in dust aerosol episodes (DAEs). In the present study,
a satellite algorithm utilizing key aerosol optical properties is used in order to identify
Dust Aerosol Episode Days (DAEDs), namely days characterized by the strong presence
of dust, over the broader MB. The algorithm input data are spectral Aerosol Optical Depth
(AOD) from the latest (Collection 6.1) MODIS-Aqua aerosol product (MYD08_D3) and
Aerosol Index (Al) from the latest version (OMAERUV) of OMI-Aura dataset. All input
data are taken on a level 3 processing level, available on a daily and 1° x 1° pixel level
basis. The algorithm operating at this spatial temporal resolution identifies dust aerosol
episodes on a pixel level by applying specific threshold values to the utilized aerosol op-
tical properties. When at least 30 dust episodic pixels are identified on a specific day, then
this day is characterized as DAED. The algorithm operated for every day of the study
period, spanning the years 2005 to 2019. The identified DAEDs are examined on a sea-
sonal, annual as well as interannual basis.

2. Data and Methodology
2.1. MODIS and OMI Satellite Data

Data of AOD are taken from the MODIS-Aqua Collection 6.1 dataset. Collection 6.1
(C6.1) is the latest and improved, upon ground-based sun-photometer data collection,
MODIS collection compared to the previous basic collection (C5) [4,5], but also to the C6
collection [6,7]. The utilized MODIS data provide spectral AOD information at three dif-
ferent wavelengths (470 nm, 550 nm and 660 nm) over land and at seven wavelengths (470
nm, 550 nm, 650 nm, 860 nm, 1240 nm, 1630 nm and 2130 nm) over water (ocean). In the
present study, the level 3 MODIS Collection 6.1 aerosol product (MYD08_D3) is used for
the identification of dust in the atmosphere as well as for the computation of the Angstrom
Exponent (AE). Aerosol Index (Al) data are taken from the Ozone Monitoring Instrument
(OMI) database. The OMI aerosol product provides data of Al, AOD and the Single Scat-
tering Albedo (SSA), which have been evaluated against AERONET observations. Here,
the level 3 product of the latest OMI edition (OMAERUYV) is used. All input data (MODIS
and OMI) are available on a daily and on a 1° x 1° longitude-latitude resolution. The selected
study period spans the 15-year period from 1st January 2005 through to 31st December 2019,
being constrained by the simultaneous availability of both MODIS and OMI data.

2.2. Methodology

The operation of the satellite algorithm utilized in the present study is based on
MODIS AOD and OMI Al data and achieves the identification of Dust Aerosol Episodes
(DAEs) over the broader MB on a daily and 1° x 1° pixel level basis. In the first step of the
algorithm operation, a thresholding technique is applied in order to determine the pres-
ence of dust. Specifically, whenever AE is lower than or equal to 0.4 (AE <0.4), and Al is
greater than or equal to 1 (Al 2 1), dust is considered the dominant aerosol in the atmos-
pheric column. Dust having been identified, high aerosol loads are required in order to
characterize a dusty pixel as an episodic one. The identified dust episodes are discrimi-
nated in two types, according to their intensity, in terms of aerosol load, i.e., AOD. When
AOQOD is greater than or equal to its climatological mean value (AODmean) plus two standard
deviations (STDV), but lower than AODmean plus four STDVs, then the dust episode is
characterized as strong. Otherwise, if AOD exceeds the AODmean plus four STDVs, then
the episode is characterized as extreme. If at least 30 episodic pixels (strong or extreme)
are determined on a specific day, this day is considered as a Dust Aerosol Episode Day
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(DAED). For every DAED, the algorithm produces the spatial distribution of dust episodic
pixels and the corresponding AOD. The algorithm’s flowchart is depicted in Figure 1.

Following the algorithm runs for the entire study period (2005-2019), a climatological
investigation of DAEDs is conducted, reproducing the mean seasonal and annual distri-
butions as well as the interannual variability and trends of DAEDs’ frequency, extent and
intensity.
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Figure 1. The satellite-based algorithm and the methodology applied for the identification of dust
aerosols (DA).

3. Results and Discussion
3.1. Seasonal Results

According to the algorithm results, 166 DAEDs took place in the MB from 2005 to
2019 (Table 1). In total, most of them occurred in the spring (46.9%) and summer (37.9%)
periods, while only 9 out of 166 (5.4%) occurred in autumn. It should be noted that actually
all of the autumn episodes were observed in September and October and none in Novem-
ber. Respectively, winter DAEDs refer only to January and February. These results are in
line with previous studies [8,9], regarding the seasonality of dust episodes. However, the
annual number of the identified DAEDs (11.1 DAEDs/year) is lower than the one (19.6
DAEDs/year) reported by [10], who applied a previous version of the satellite algorithm
on a shorter study period, spanning from 2000 to 2007. This is mainly attributed to the use
in the present study of a stricter AE threshold (AE <0.4) than in [10] (AE <0.7). Most (70%)
of the identified DAEDs (116 out of 166, Table 1) are characterized as strong ones. The
seasonality of strong DAEDs is similar that of all DAEDs, with a maximum frequency of
occurrence in spring and summer. On the other hand, the extreme DAEDs have a different
seasonal variability, being most frequent in the spring (52%) and winter (22%) periods.

Table 1. An overview of the average frequency of occurrence of dust aerosol episode days (DAEDs)
that took place over the broader MB during the period 2005-2019.

Number of DAEDs/Year WINTER SPRING SUMMER AUTUMN YEAR
(Percentage)
All (strong+extreme) episodes 16 (9.6%) 78 (47%) 63 (38%) 9 (5.4%) 166
Strong episodes 5(43%) 52(44.8%) 54 (46.6%) 5 (4.3%) 116

Extreme episodes 50
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3.2. Inter-Annual Variability and Trends

In Figure 2, the interannual variability and trends of DAEDs’ properties, namely their
frequency of occurrence, spatial extent and intensity, are displayed. Results are separately
given for strong (first row) and extreme (second row) DAEDs. In general, the frequency
of occurrence (first column) and the spatial extent (second column), which is here ex-
pressed in terms of the cumulative number of dusty pixels, exhibit a similar interannual
variability for either strong or extreme episodes. For example, 2005, 2008 and 2018 are
found to be very active years, with maximum frequencies of occurrence of DAEDs and
number of dusty pixels, for both strong and extreme episodes. According to the algorithm
results, no statistically significant trends are observed for strong DAEDs. On the other
hand, it is found that the spatial extent and the intensity of extreme DAEDs (i.e., dust
optical depth (DOD)) slightly decreased from 2005 to 2019. A similar decrease of DOD in
the MB was also noted by [11], who used MODIS data from 2002 to 2017.
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Figure 2. Inter-annual variation of: the total annual number of dust aerosol episode days (DAEDs) (left column), the annual
total number of pixels undergoing dust aerosol episodes (middle column) and the mean annual dust optical depth (DOD)
(right column). Results are averaged over the period 2005-2019, and they are given for strong dust episodes (first row)
and extreme dust episodes (second row). The red line corresponds to the linear regression. The error bars in the right
column results represent the temporal standard deviation associated with the mean annual DOD for each year of the study
period (2005-2019).

3.3. Geographical Distributions

The total number of strong and extreme DAEDs that took place on a pixel level basis
over the broader MB during the 15-study period (2005-2019) is given in Figure 3 (first
row). Strong DAEDs are mainly observed over the western part of the study area, and
especially over Algeria and Tunisia, where the frequency of occurrence is as high as 20—
32 DAEDs per pixel (orange and reddish colors). Relatively high frequencies (up to 12
DAEDs/pixel) are also observed in the easternmost part of the area, i.e., over Syria. On the
other hand, extreme dust episodes are more frequent over the central, and less over the
eastern, parts of the Mediterranean, with maximum frequencies (up to 11 DAEDs/pixel)
along the Tunisian coasts. In the second row of Figure 3, the geographical distribution of
the annual mean DOD of DAED:s is displayed. It should be noted that the averaging of
DOD was done taking into account only the episodic pixels/days and not all. The maxi-
mum DODs for strong DAEDs (up to 1.7) are observed along the coasts of Libya and
Egypt, while the minimum ones (less than 0.4) over Italy and the western Balkans. On the
other hand, the maximum DODs for extreme DAEDs (up to 4.9) are observed over the
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central and eastern Mediterranean Sea. It is noted that the high DOD values over the Black
Sea correspond to a single episode (see the top right map of the same figure). The geo-
graphical patterns of both frequency and intensity (DOD values are quite similar to those
found in [9], who used a previous MODIS collection (C5) for the period 2000-2007, but
here they also cover North Africa, thanks to the use of the Deep Blue algorithm in the
MODIS C6.1 collection.

~—
45°N \7\ : 45°N ﬁ\f\ P
{\—« _____ J o y—v——.aﬁg' - -
) | : .\,,:;:‘./ o !
40°N BE e I 40°N }-+-£
A =
L ! ;
o i i
35°N =® | e
) e
30°N il ] -] . i = W e .
10°W 5°W 0° S5°E 10°E 15°E 20°E 25°E 30°E 35°E 40°E S°E 10°E 15°E 20°FE 25°FE 30°FE 35°F 40°F
5 10 15 20 25 30 4 5
. _F
e =it
45°N : 4 f‘b—f.\):
sf\—-«—\)
ao°n| / e
l‘( [} u ﬁ
sl AR

30°N

2 .—- o K

4

i HEN
10°W 5°w  0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E 40°E

o
5°E  10°E 15°E 20°E 25°E 30°E 35°E 40°E

.
0.4 0.6

0.8

1.0 1.2 1.4 1.6 2:0 2:5 3.0 3.5 4.0 4.5

Figure 3. Spatial distribution of the total number of DAEDs (first row) and the corresponding mean annual DOD (second
row). Results are given for strong (left column) and extreme (right column) DAEDs and refer to the 15-year period 2005
2019. White shaded pixels in the maps correspond to areas where no DAEDs at all have been identified during the study

period.

4. Conclusions

In the present study, dust aerosol episodes over the broader MB were identified on a
1° x 1° pixel level and on a 15-year study period (2005-2019) with an algorithm using
contemporary MODIS and OMI satellite data. According to the algorithm results, 166
DAEDs (116 strong and 50 extreme) took place in the MB from 2005 to 2019. Most of them
(84.8%) occurred in spring and summer, and the remaining 15.2% in autumn and winter,
specifically during September, October, January and February, while no episodes at all
were identified in November and December. Regarding the interannual variability of
DAEDs, in general, no significant trends were found for strong episodes. In contrast, the
spatial extent as well as the intensity of extreme DAEDs were found to have decreased
during the period 2005-2019. The obtained geographical distributions indicate that strong
DAEDs are more frequent in the western parts of the MB, while the extreme episodes are
more widespread over the central and eastern parts of MB. High DOD values (up to 1.7
for strong and 4.9 for extreme episodes) were noted along the coasts of Libya and Egypt
for both strong and extreme dust episodes. However, high DOD values of extreme episodes
are more widespread, covering a big part of the eastern MB, including Greece (and espe-
cially its southern parts, namely Crete), the Ionian Sea, the Libyan Sea and the Syrian coasts.
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