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ABSTRACT

Pollutants that are emitted to the atmosphere cause wide climatic changes which have greatly affected the aspects life on
Earth. Aerosols are one of the most important of these pollutants, and emitted into the atmosphere from natural and
anthropogenic sources. In this research, we studied the properties of aerosols AOD (Aerosol Optical Depth), AE (Angstrom
Exponent) over Syria during 2010 - 2020 using MODIS/Aqua satellite, the results of this study showed that AE and AOD
changes significantly during the study period. The results of the annual changes of AOD over Syria showed that the large
values were over Al Dear, while the small values were over Aleppo, and the minimum value was 0.19 + 0.006 in 2014, While
the average monthly changes of AOD showed that the maximum values were 0.44 + 0.091 in May and 0.395 + 0.07 in
September. The results of the seasonly changes of AOD over Syria also showed that the values of AOD were low in winter,
then rise in spring and summer, after that decrease again during the autumn. While the results for the average monthly
changes of AE over Syria during 2010 -2020 showed that the maximum values of AE were 0.89 + 0.07, 0.839 + 0.07 during
January and December respecively, the lowest values 0.42 + 0.1 was in September. As for the seasonal changes of AE, it was
shown that the small values of AE were in summer, while the large values were during winter. Classification of aerosols
over Syria during 2010 — 2020 showed that the aerosol over Syria is largely composed of maritime type.
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1- INTRODUCTION

Air pollutants which emitted into the atmosphere from various sources such as industrial processes, burning
fossil fuels and transportation, travel thousands of kilometers to reach the atmosphere and affect on climate [1].
The great climatic changes resulting from atmospheric pollution are greatly affect on the environment and
economy. There are many types of pollutants which emitted to the atmosphere, such as greenhouse gases and
aerosols [2]. Aerosols are liquid and solid particles suspended in the atmosphere and greatly affect the radiative
balance [3]. Small particles of sand and dust are a form of aerosol that travels from the earth's surface through
the wind [4]. Aerosols are emitted into the atmosphere either from natural sources such as particles resulting
from volcanic eruptions, sea spray, desert dust, cultivated surfaces and large fires, or from industrial sources
such as combustion from automobile engines, solid fuels (coal), evaporation of lakes and industrial processes [5].
The size of the aerosol varies depending on the sources that emit it, aerosol size ranging from 103 to 102 pum.
While in terms of shape, aerosols are classified into the following types: isomeric particles, platelets and fibres
[6]. Aerosols affect climate changes through many processes as follows: firstly scattering and absorbing solar
rays. Secondly scattering and solar emission, and thirdly affecting on process of cloud formation [7]. Whereas
numerous studies using satellite data have proven that aerosols significantly affect cloud formation [8]. Because
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of the significant temporal and spatial changes of aerosols in the atmosphere, its negative symptoms have begun
to appear on human health [9]. The dust storm that reached the Middle East in September 2015, whose impact
extended to Syria and northern Iraq, caused great health damage [10]. The aerosols caused damage to eye and
inflammation in the lungs, and many residents in Syria were transferred to hospitals during 6-9 September 2015
due to the dust storm [11]. Given the great importance of aerosol changes in the atmosphere, many researches
have used remote sensing technology such as MODIS (Moderate Resolution Imaging Spectroradiometer) to study
the distribution of aerosols [12]. In this research, we have studied two properties of aerosols AOD (Aerosol optical
depth) and AE (Angstrom exponent) over Syria during 2010 - 2020 using MODIS/ Aqua satellite data. MODIS
operates on board Aqua satellite, which was launched in 2002, and was designed to support weather and climate
research [13][14]. The MODIS instrument is located on board the two Aqua and Terra satellites which rotate in
polar orbit at 705 Km altitude [15]. MODIS has 36 frequency channels that sense visible and infrared radiation
within wavelengths 0.4 -14.4 um [16]. MODIS has a high spatial resolution (1 km or less), swath wide 2,600 km,
and it provides daily global coverage of aerosols [17][18]. Data can be obtained from the MODIS Aqua instrument
through the NASA website https:// giovanni.gsfc.nasa.gov/ giovanni/ [19].

Figure (1) and (2) which obtained from Giovanni, show the changes of the AOD and AE over the world in
December 2020
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Figure (1) AOD over the world in December 2020 Figure (2) AE over the world in December 2020

2 - DATA AND METHODOLOGY

Study Area:

Syria is located between latitudes (32-37) north and longitudes (35-42) east in the southwest of the continent of
Asia on the eastern coast of the Mediterranean Sea, bordered by Turkey to the north, to the south by Jordan, to
the southwest by Palestine, to the east by Iraqg, to the west by Lebanon and the Mediterranean Sea [20]. Figure
(3) shows a map of Syria where this study was conducted [21].
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Figure (3) Map of Syria

Aerosol Optical Properties (AOD, AE):

AOD is an important parameter in the atmosphere and is mainly associated with aerosols and it is less dimension.
This parameter is a measure of scattering of the radiation as a result of its interaction with aerosols in the
atmosphere mainly due to absorption and scattering [22]. The apparent depth of the aerosol can be calculated
by Angstrom exponent (AE) using the formula (1) [23]:

Tar = BAAE (1)

where 1 is wavelength, B is turbidity coefficient and taris the AOD at wavelength A.
AE can be calculated according to the formula (2):

AE=-(dIntac/ dInA) = = [In(Taez /Taes) / In(A2 / A1)] (2)

where Tae1, Taez are the AOD at wavelengths A1, A2[24].

Aerosol types:
Aerosol types can be determined based on many parameters, the most important of which are those that depend
on aerosol load as AOD and particle size as AE [25] [26]. Aerosol classification to four different aerosol types

includes maritime, dust, urban, and biomass burning [9] as shown in table (1).

Table (1) Aerosol classification based on AOD, AE

Aerosol Types Aerosol Optical Depth (AOD) Angstrom Exponent (AE)
Maritime <0.3 0.5-1.7
Dust >0.4 <1.0
Urban 0.2-04 >1.0
Biomass burning >0.7 >1.0

MATERIAL AND METHOD

In this research, we used MODIS/Aqua satellite data to obtain the aerosol changes over Syria during 2010 - 2020,
and this data is available through the Giovanni website of NASA .The data we obtained from Giovanni was in the
encrypted form nc, and to convert this data to numeric, we used Panoply and Java programs. Origin Lab used for
maps of Syria, and SPSS for the statistical study [27].

3- RESULTS AND DISCUSSION

Aerosol Optical Depth (AOD):
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The results of the annual changes of AOD over Syria (Aleppo, Homs, Damascus, Al Dear) which were obtained
from the instrument MODIS installed on board Aqua satellite during 2010-2020, showed significant changes in
the value of this parameter as shown in figure (4). As is clear from the figure, the large values of AOD were in
Damascus, while the small values were in Aleppo, and the results showed low values 0.19 + 0.006 during 2014.
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Figure (4) Annual changes of AOD over Syria during 2010 - 2020

Figure (5) shows the average monthly changes of AOD over Syria during 2010 - 2020, where the maximum values
were 0.44 + 0.091 in May and 0.395 £ 0.07 in September.
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Figure (5) Average monthly changes of AOD over Syria during 2010 - 2020

While Figure (6) shows the monthly changes for AOD over Syria during 2010 — 2020. We notice from this figure
that the largest value of AOD was 1.037 + 0.072 during 2011.
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Figure (6) Monthly changes for AOD over Syria 2010 — 2020
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In order to study the seasonal changes of AOD over Syria during 2010-2020, we used the program “Origin Lab”
as shown in Figure (7), and as it is clear from the figure, the values of AOD were low in winter, then rise in spring
and summer, after that decrease again during Autumn.

Figure (7) seasonal changes of AOD over Syria 2010-2020

While Figure (8) shows the monthly changes for AOD over Syria from 2010 — 2020. The highest value was in May,

and the lowest value was in December.
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Figure (8) The monthly changes of AOD over Syria 2010 — 2020
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Angstrom Exponent (AE):

In this research, we study the temporal and spatial changes of AE over Syria (Aleppo, Homs, Damascus, Al Dear)
using MODIS Aqua satellite data. Figure (9) shows the annual changes of AE over Syria during 2010-2020. We
notice from this figure that the large values of AE were over Al Dear, while the small values were over Aleppo,
AE also shows low values over Syria during 2017 and high values during 2020.
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Figure (9) The annual changes of AE over Syria 2010-2020

While Figure (10) shows the average monthly changes AE over Syria during 2010 -2020, and as it is clear from
the figure, the maximum values of AE were 0.89 + 0.07, 0.839 + 0.07 during January and December respecively,
while the lowest value 0.42 + 0.1 was in September.
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Figure (10) The average monthly changes of AE over Syria during 2010- 2020
Figure (11) also shows the monthly changes of AE over Syria during 2010 - 2020
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Figure (11) The monthly changes of AE over Syria during 2010- 2020

In order to study the seasonal changes of AE over Syria during 2010-2020, we used the program “Origin Lab” as
shown in Figure (12), and as it is clear from the figure, the values of AE were low in summer, and large in winter.
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Figure (12) seasonal changes of AE over Syria during 2010-2020
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Finally, Figure (13) shows the monthly changes of AE over Syria during 2010 - 2020 using the program Origin Lab,
the maximum values were during December and January, while the minimum values were in August and
September
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Figure (13) The monthly changes of AE over Syria during 2010 — 2020

Classification of aerosols over Syria during 2010 — 2020:

Aerosols can be classified based on AOD and AE values to 4 types (maritime, dust, urban, and biomass burning)
according to Table 1. The results showed that the aerosol over Syria is largely composed of maritime and lowest
from biomass-burning, as shown in figure (14).
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Figure (14) Classification of aerosols over Syria during 2010 — 2020

Finally, the statistical study was carried out using the SPSS program, table 2 and 3, show the minimum values,
maximum values, Std. error and Std. deviation of the monthly and annual AOD values, respectively over Syria

during 2010-2020.

Table 2: Minimum, maximum values, Std. error and Std. deviation for monthly AOD over Syria during 2010-2020.

g 2010- 2020.

Station Minimum value | Maximum value | Std. Deviation | Std. Error
Aleppo 0.13 0.36 0.071 0.020
Homs 0.16 0.42 0.081 0.023
Damascus 0.17 0.44 0.026 0.091
Al Dear 0.14 0.47 0.032 0.011

Table 3: Minimum, maximum values, Std. error and Std. deviation for annual AOD over Syria durin

Station Minimum value | Maximum value | Std. Deviation | Std. Error
Aleppo 0.19 0.25 0.020 0.006
Homs 0.24 0.34 0.031 0.0091
Damascus 0.23 0.34 0.030 0.0092
Al Dear 0.22 0.42 0.056 0.017

Table 4 and 5,show the minimum values, maximum values, Std. error and Std. deviation of the monthly and

annual AE values, respectively over Syria during 2010-2020.

Table 4: Minimum, maximum values, Std. error and Std. deviation for monthly AE over Syria during 2010-2020.

Station Minimum value | Maximum value | Std. Deviation | Std. Error
Aleppo 0.42 1.34 0.349 0.100
Homs 0.21 0.59 0.133 0.038
Damascus 0.22 0.63 0.165 0.047
Al Dear 0.15 0.89 0.271 0.078

Table 5: Minimum, maximum values, Std. error and Std. deviation for annual AE over Syria during

2010-2020.

Station

Minimum value

Maximum value | Std. Deviation

Std. Error

Aleppo

0.77

1 0.069

0.020
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Homs 0.22 0.56 0.113 0.034
Damascus 0.28 0.52 0.072 0.022
Al Dear 0.32 0.99 0.226 0.068

SUMMARY

Eleven years of high quality satellite derived aerosol optical depth (AOD) and Angstrom Exponent (AE) data have
been used for the first time over Syria. This study was an attempt to analyze the temporal and spatial distribution
of AOD and AE over Syria using MODIS /Aqua satellite data in the period 2010-2020. The results indicate that
both AOD and AE were large in Al Dear and small in Aleppo. The average monthly changes of AOD show that the
maximum values were 0.44 £ 0.091 in May and 0.395 £ 0.07 in September, and the values of AOD were low in
the winter and autumn and rise in spring and summer. As for the results of AE, it showed the opposite behavior
of AOD. The results of the average monthly changes AE showed that the maximum values of AE were 0.89 +
0.07,0.839 £ 0.07 during January and December respecively, while the lowest values was 0.42 £ 0.1 in September
and the values of AE were low in summer, and large in winter. Finally, aerosols classified based on AOD and AE
values and the results showed that the aerosol over Syria is largely composed of maritime and lowest from
biomass-burning.
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