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Abstract

Severe dust storm, with winds reaching 100 km/h, caused widespread disruption across the Middle East and
northeastern part of Africa in February 2015. Residents of the regions experienced extraordinary increases in air
pollution from 1 to 13 February 2015. We have analyzed changes in aerosol optical depth (AOD) during this event
to identify the effect and the sources of such dust storms in the Middle East using the Moderate Resolution Imaging
Spectroradiometer, the Multi-angle Imaging Spectrometer and the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation. Maximum AOD values occurred on 11 of February in some dust sources including Baghdad, Damascus,
Cairo, and Solar Village (Saudi Arabia), where values 0.8, 1, 1.3 and 0.7 were recorded, respectively. In Iran, maximum
AOD were recorded on the 11" of February over the southwestern regions including Ahvaz and llam cities, reaching
1.3 and 1, respectively. The study of MISR, ,; showed an increasing trend in AOD over Ahvaz and Solar Village during
2000-2015. Aerosol optical properties such as Aerosol Volume Size Distribution (AVSD) Asymmetry parameter (ASY)
and Single Scattering Albedo (SSA) have been analyzed for Zanjan (AERONET site) during 2010-2013. Monthly
variation of AVSD indicated that the AVSD’s peaks occur in warm months. The mean value of ASY was found to be
>0.7 in the cloud-free atmosphere for summer that shows high pollution level in Zanjan. The Aerosol Radiative Forcing

(ARF) ranged from -79 Wm2 to -10 Wm2 at the surface and from -25 Wm2 to 6 wm2 at the top of the atmosphere.
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Abbreviations:  MODIS:  Moderate  Resolution  Imaging
Spectroradiometer; MISR: Multi-angle Imaging SpectroRadiometer;
CALIPSO: Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation; ARF: Areosol Radiative Folding; AOD: Aerosol Optical
Depth

Introduction

Dust storms can occur in any area where dry, loose soil can easily
be mobilized. Sand entrained into the air by the wind remains aloft only
a few hours. Smaller particles can remain airborne for a week or more
and can be transported thousands of miles from the source region. Some
75% of global dust released into the atmosphere appears to be natural
in origin, while roughly 25% results from human activity, such as
agriculture [1]. Agriculture influences dust events because of disturbed
soil, reduced vegetation cover, grazing and so on make it easier for the
wind to transport dust. Dust storms form in a desert and arid areas such
as the Sahara Desert in Africa and some part of Middle East, like Iraq,
Syria and Saudi Arabia. Dust aerosols often travel from these areas to
the west part of Iran and thus loading large amounts of aerosol over
the region. In the other hand, a large part of Hoor-al-azim, one of the
most important marine ecosystems and nature in southwestern Iran,
was destroyed during the Iran-Iraq war (1980-1988). The remaining
part of Hoor Al-Azim was totally dried out by the oil companies, and
consequently, this area releases massive amounts of aerosol to the
atmosphere by wind. In recent years, dust particles from the external
and the internal dust sources have endangered the health of people in
southwestern and western Iran as the level of dust aerosols ultimately
reached 10,000 pg/m® in February 2015. Dust aerosols reduce the solar
flux and outgoing long wave radiation. Therefore, they have an important
influence on the earth’s radiation budget [2]. Dust aerosols influence on
biological and chemical ecosystems via reflecting sunlight back into
space [3]. They also influence on cloud formation, precipitation and
environmental air quality [4-6].

A few studies have been done on optical properties of aerosols over
Iran using AERONET observation [7,8]. Masoumi et al. [7] used ground-
based aerosol monitoring network to study optical properties of aerosols
such as AOD, AVSD, AE, SSA and refractive index over Zanjan during
2006-2008. Analysis showed SSA and the polarized phase function of
atmospheric aerosols over Zanjan during 2010-2012. Masoumi et al.
[7] studied optical properties of aerosols like AOD, AE, SSA, AVSD and
refractive index over Zanjan during 2006-2008. Khoshsima et al. [8]
investigated AOD, AE and Angstrom turbidity coefficient during 2009-
2010 over Zanjan. Another study has been conducted to determine
optical properties and radiative effect of aerosol during two dust events
in 2013 over Zanjan [9].

In recent years, the increase in the frequency of dust outbreaks in
Africa and the Middle East due to land degradation and desertification
affected aerosols concentration [10,11]. Since the Middle East is
the world’s second largest source of dust [12], changes in aerosol
concentration there have a significant impact not only on the local
climate but also on remote regions by altering the incoming solar
radiation and outgoing infrared radiation. Thus, we analyzed aerosol
optical depth over the Middle East and northeastern part of Africa
during severe dust storm in February 2015 using Moderate Resolution
Imaging (MODIS) data. We have used the NOAA Hybrid Single Particle
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Lagrangian Integrated Trajectory (HYSPLIT) model for identifying
the origin and track of dust over the study area, and we also have used
CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation) measurement to identify the type aerosols near the study
regions. In addition, we have investigated long- term trends of aerosol
optical depth over Ahvaz (Iran) and some dust sources in the Middle
East during 2000-2015 using Multi-angle Imaging Spectrometer (MISR)
data. We have used AERONET data to analyze some aerosol optical
properties such as Aerosol Volume Size Distribution, Single Scattering
Albedo and Asymmetry Parameter over Zanjan during 2010-2013. We
have analyzed aerosol radiative forcing (ARF) at the earth surface and
the top of the atmosphere and we also calculated the correlation of ARF
and aerosol optical thickness (AOT) over Zanjan during 2010-2013.

Data

Aerosol optical depth is an integral measure of the total amount of
aerosol contained within a vertical column of air. Thus, it collectively
assesses such aerosols as haze, desert dust, sea salt and smoke particles.
The sun photometer measure AOD by a voltage (V) that is related to the
irradiance (I). The irradiance and sun photometer voltage at the top of
the atmosphere are Io and Vo, respectively. The Beer-Lambert-Bouguer
law is used to determine total optical depth (t

V(A) =Vo(\) d>exp [-T(M) 1)

Where V is voltage (at wavelength X), TTOT is the total optical depth
and d is the actual average of Earth-Sun distance and m is the optical air
mass [13]. In this study, variations in AOD during the severe dust storm
events over Africa and the Middle East were analyzed using MODIS and
MISR data. Table 1 shows satellite and AERONET datasets used in this
study.

Aerosol robotic network (AERONET)

This study uses aerosol optical depth (AOD) data from AERONET
(Aerosol Robotic NETwork). AERONET is a network of surface
monitoring stations, each of which uses the identical automatic Sun-
sky scanning spectral radiometer [13]. AERONET provides and
archives two kinds of measurements that are useful in assessing aerosols
characteristics. One s direct sun radiation extinction across the spectrum
and the second is the angular distribution of sky radiance. From this, it
is possible to compute in near-real-time aerosol spectral optical depths,
aerosol size distributions, etc. There is only one AERONET monitoring
station in Iran, in Zanjan city (IASBS) and we have used its AOD, AVSD,
AE, SSA, ASY and ARF data in this research.

TOT):

TOT ¥ m]

Moderate resolution imaging spectroradiometer

The MODIS instrument mounted on the Terra and the Aqua
satellites have the spectral bands ranging from 250 m to 1.0 km at the
nadir and various spatial resolutions. MODIS monitors the AOD with
an error of 0.03 = 0.05A0D over the ocean and + 0.05+0.15 AOD over
land. In this study is based on Deep Blue AOD at 550 nm (MYDO08_
D3) for MODIS with spectral resolution bands 0.415 to 14.235 micron
(http://giovanni.gsfc.nasa.gov/).

Sensor Data used
MODIS Terra February 2015

MISR Terra 2000-2015
CALIPSO February 2015

AERONET 2010-2013

(Ground base data)

Multi-angle imaging spectroradiometer

The MISR instrument installed on the Terra satellite collects
observations at nine different viewing angles. MISR enables to identify
different types of atmospheric particles [14], cloud forms, and land
surface covers in a sun-synchronous orbit. Diner et al. mentioned
that 70% of MISR AOD data are within 0.05 (or 20% x AOD) of sun-
photometer-measured AOD values [14].

We have used the MISR Level 3 Component Global Aerosol Product
(MIL3MAE_v4 AOD) covering a day and month of column aerosol 555
nanometer optical depth. This data product is a global summary of the
Level 2 aerosol parameters of interest averaged over a month, with a
resolution of 0.5 degree by 0.5 degree (http://giovanni.gsfc.nasa.gov/).
Aerosol Robotic Network (AERONET) data for the Zanjan station is
also considered to verify MISR, | data.

Cloud-aerosol Lidar and satellite

observation (CALIPSO)

CALIPSO is operated from 28 April 2006. The Cloud-Aerosol Lidar
and two wavelengths polarization Lidar (532 and 1064 nm) are carried
by CALIPSO to identify effects of clouds and aerosols on climate. The
detail about CALIPSO instruments and its data is provided by Hunt et
al. [15] and Winker et al. [16].

infrared pathfinder

Results and Discussion

Meteorological situation and formation of dust

The areas of the Middle East where dust storms occur most frequently
include Iraq, Saudi Arabia, southeastern Iran and North Sudan. In most
of the region dust storms most commonly occur in summer. Figure 1,
shows the studied area that included the eastern part of North Africa
and the Middle East.

Severe dust storm occurred over the Middle East and northeastern
Africa in February 2015. Residents of the regions experienced
extraordinary increases in air pollution from 1 to 13 February 2015. A
sandstorm hit Egypt, Palestine, Syria and Lebanon on 9-13 February.
One of the sources of the storm was the Sahara Desert in North Africa. A
blanket of yellow dust storm covered Lebanon and Syria, and hundreds
of people went to hospitals with breathing difficulties. The dust also
passed through southwestern Iran, an area that had just experienced a
severe dust storm. During the storm, particulate matter was reported
to exceed 10,000 pg>in Ahvaz (Capital of Khuzestan province in Iran),
which is 66 times greater than the standard level. The visibility reaches
to less than 100 m. The instruments could not measure contamination
because of the high concentration of particles in the air. This high
concentration of dust normally indicates that Khuzestan highly affected
by the local dust sources. In the last days, the dust concentration reached
to 35 times greater than the standard level, and the visibility was less
than 300 m.

The geopotential map at 1000 mb pressure level (Figure 2a) shows
a Mediterranean low (winter Shamal) passed over the north part of

Product Special resolution Spectral bond (nm)
Daily level-2 10,10 km 550
Daily level-3 0.5,0.5° 555
Daily level-2 1.1 km 532 and 1064
Daily level-2 500

Table 1: Satellite and AERONET datasets used in this study.

Environ Pollut Climate Change, an open access journal
ISSN: 2573-458X

Volume 1 « Issue 3 « 1000127


http://giovanni.gsfc.nasa.gov/
http://giovanni.gsfc.nasa.gov/

Citation: Arkian F (2017) Short-Term Variations of Aerosol Optical Depth during the Severe Dust Storm in 2015 over the Middle East and Long-term
Variations of Aerosol Optical Properties. Environ Pollut Climate Change 1: 127. doi: 10.4172/2573-458X.1000127

Page 3 of 1

SAUDI ARABIA

RED Solar Village

SEA

0 500 1000
I S |
P Kilometers
Figure 1: The studied area.
1000w Geepatintiol & Temperalurs {11=Feb=2015) 1000 e Wind [11-Feb=2015]
" - - F A S SR IR R S

00 mb Geepolentiol & Temgeralurs (11-Fab-2005)

e pa T — e ]
k=
o "T'--
- i
£ e LY
2 \. LY
- e
- \.__
)
.“
T

Ll 4
Figure 2: Synoptic condition in 11" February 2015, (a) Geopotential height (Black solid lines) and temperature (Red dash lines) at the 1000 mb pressure level, (b)
Wind direction at the 1000 mb pressure level, (c) Geopotential height (Black solid lines) and temperature (Red dash lines) at the 500 mb pressure level and (d) Wind
speed at the 300 mb pressure level (Black line is the core of jet stream). (e) The evidence of dust storms (pink area) over and Iraq, Syria, Egypt and Saudi Arabia can
be seen on the Meteosat-10 Dust RGB, 11 February 12:00 UTC (http://www.eumetsat.int).
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the Middle East, producing severe dust storm and air pollution in this
area. The winter Shamal is northwest wind which produced by passage
a low pressure from eastern Mediterranean Sea into northern Arabia
[17]. Severe winds around the southern side of the low-pressure system
over the Eastern Mediterranean raised large amounts of dust from the
Sahara, Syrian and Libyan Deserts (Figure 2B) for the high wind around
the surface low over the Mediterranean Sea). Simultaneously, high wind
speeds (about 100 km/h) around the Mediterranean low created two
other dust sources in the North of Iraq and Saudi Arabia (Figure 2B).
Nevertheless, the wind direction is totally different over the Persian
Gulf and Khuzestan province. Draining of marshes in Hor al-Azim in
the southwest of Iran due to strong southerly wind (>10 ms™) probably
caused high dust levels. The low surface system was accompanied by
a cut-off low at 500 mb pressure level and a polar jet at the 300 mb
pressure level with a positive tilt over Iraq (Figures 2C and 2D). This
cut-off low is a blocking pattern because remain nearly stationary for
several days in the area. The Meteosat-10 Dust RGB image, 11 February
00:00 UTC, showed that the dust was picked up from the North African
coast (Egypt) and then propagated over the Middle East together with
emissions from other dust sources including Irag, Syria and northern
Saudi Arabia (pink dust areas in Figure 2E).

Temporal variation of AOD during the dust storm event

We studied AOD variation during the February 2015 dust storm
using MODIS data at a wavelength of 550 nm for different locations
of the Middle East including Iraq (Baghdad), Syria (Damascus), Egypt
(Cairo), Saudi Arabia (Solar Village) and Cairo in Africa as well. We
also studied AOD variation in some cities of Iran including Ahvaz,
Ilam, Sanandaj and Urmia during the February 2015. The maximum
AODs in Baghdad, Damascus, Cairo and Solar Village were calculated
on the 11th of February during the dust storm and reached values of
0.8, 1, 1.3 and 0.7, respectively (Figures 3A-3D). The maximum AODs
were recorded in Iran over the southwestern regions such as Ahvaz and
Ilam on the 11* of February but in western and northwestern regions
such as Sanandaj and Urmia on 14" February. Because the dominant
wind direction in southwestern Iran was from the south during the
dust storm, dust from the southern regions was then transported into
northern regions of Iran (Figures 3E-3H).

The NOAA Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) model has been used for identify dust storm sources and the
track the dust followed before reaching Iran. Three-day back trajectories
have been derived for 0000 UTC 01 Feb 2015 (Figure 4A) and 0000
UTC 14 Feb 2015 (Figure 4B). Iran’s only AERONET station at Zanjan
(TASBS) is used in this analysis. The HYSPLIT back trajectory analysis
showed that the air masses came from Egypt and Mediterranean Sea
and then passed through the south of Turkey and the north of Iraq
and ultimately reached to Iran on 01 February 2015. But in the middle
February 2015, the air masses reached Iran from Libya, Egypt and then
Saudi Arabia and Iraq. CALIPSO satellite data (https://www-calipso.
larc.nasa.gov) is used to study the type of aerosol over North Africa and
the Middle East during dust storm event. Figures 4C-4E shows aerosol
classification over northeastern Africa, Saudi Arabia and Iran during
dusty days on February 2015, respectively. The dust and polluted dust
[18] rise from surface to middle of troposphere (~5 km), and the thick
and dense layer of dust indicated that a well-mixed dust layer occurred
over the area.

Long-term variation of AOD

We used long-term MISR, ~ data to find the variation of AOD

in some areas in the Middle East and North Africa where have more

frequency of dust event. The MISR views the whole Earth’s surface every
nine days. Depending on latitude, repeat coverage occurs between 2 and
9 days. MISR has a ~400 km swath (MISR Technical Document). Based
on this fact, MISR is not designed to provide daily data, so we used
annual average data for the study of the variability of AOD during 2001-
2015 (Figures 5A-5D). The dotted blue is the trend line. An increasing
trend is seen in AOD in Ahvaz (Iran) and Solar Village (Saudi Arabia)
with maximum AOD values in 2008, 2012 and 2015. Variability in AOD
in Solar Village is more similar in trend and magnitude to Ahvaz in
2000-2015 (Figures 5A-5D). Dust storms are rare during the winter
in the Middle East, but one occurred in February 2008, like February
2015 (current research). During this event, dust plumes blew over Iran,
the Persian Gulf, Afghanistan, and Pakistan as a result of unusually dry
conditions and very high winds [10]. Also, super dust storms reduced
the air quality over the Middle East and Southwest Asia on March 2012
[19]. What these three years have in common are dust events in winter
and early spring.

There is no significant change in AOD in Cairo. At Mosul (Iraq)
there are two separate trends (Red dashed line, Figure 5B); such that
AOD variations show an increasing trend during 2000-2008 and a
decreasing trend during 2008-2014.

We extracted the AOD data of the sun photometer site (IASBS) in
Iran for 2010 from the AERONET level 2 data archive and then we used
it for assessing the accuracy of MIR, = data. This sun photometer site
is located in Zanjan city in Northwest Iran. The AOD Data recorded
every 15 min in four spectral bands (440,675,870 and 1020 nm). Since,
the MISR observation repeat time is only 3 or 4 visits per month for the
TASBS site, we compare AERONETAOD and MISR 20D daily data when
MISR swept this site [20].

Figure 6 shows a comparison of MISR, , data and AERONET,
at four bands [Red (675), NIR (870 nm) and NIR (1020 nm)] for
2010. The scatterplots of MISR, . and AERONET, show a high
correlation of X0.8 in the four bands. The comparison showed that
MISR, values are overestimated when AOD values are small, in the
three bands including Red (675), NIR (870 nm) and NIR (1020 nm).
Lack of suitable aerosol models or the temporal and spatial variability
of aerosols can cause this difference [21]. Figure 6 also shows that when
AOD values are large, especially larger than 0.3, differences between
MISR, ~and AERONET,  grow rapidly. Christopher et al. [22] found
similar results at the Sede Boger site.

Aerosol volume size distribution

Aerosol Volume Size Distribution (AVSD) is a parameter that is
retrieved in size range of 0.05-15 um using 22 radius size bins and it
is very important in climate change. AVSD can express by following
equation:

() 3 c exp{_ (tnr— znr‘w,)} @)

din (r) ; o 202

i
i

Where o is the standard deviation and c  and r . are total volume
concentration of fine to coarse size and volume median radius,
respectively. Figure 7 shows AERONET retrieved AVSD in different
radiuses during 2010-2013 over Zanjan. The AVSD variations display two
modes, fine and coarse. The radius in the fine mode ranged from 0.05
pm to 0.33 pm, and the radius in the coarse mode ranged from 0.33 pm
to 15 pm for each year. Significant variations are observed in the coarse
mode, while, low variations can be found in the fine mode. Sumit et al.
[23] showed that the coarse mode particles were also dominant over
Ahmedabad. The highest values of AVSD in the fine and the coarse modes
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Figure 3: Variability of MODIS, ; during February 2015 over (a) Damascus, (b) Baghdad, (c) Cairo, (d) Solar Village; and over some western stations of Iran (e) Ahvaz,

(f) llam, (g) Sanandaj, (h) Urmia.
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Figure 4: Back trajectory of the air parcel for 72 h ending at 0000 UTC 1 (a) and 14" (b) February 2015 using NOAA HYSPLIT MODEL; Aerosol classification by
CALIPSO (c) over northeastern Africa on 10" February (d) over Saudi Arabia on 1" February (e) over Iran on 3" February.
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Figure 5: Variability of MISR
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observed in 0.11 pm and 2.24 pm radius, respectively. The both modes
have their maximum value of AVSD in 2011. Maximum values of AVSD
in the coarse mode are lower in 2013 and 2014 and they are shifted to
higher radiuses. Fine particles are produced from all types of combustion
such as power plants, motor vehicles, forest fires, agricultural burning,
residential wood burning and some industrial processes. Coarse particles
are including crushing or grinding processes, dust storm and dust moved
up by vehicles on roads (U.S Environment Protection Agency, https://
www.epa.gov/air-trends).

Figures show monthly variations of AVSD for particles with radiuses
of 0.11um and 2.24 pm over Zanjan during the 2010-2013 periods. The
Monthly variation of AVSD for particles with radiuses of 0.11um and
2.24 pm indicated that the AVSD’s peaks occur in warm months over
Zanjan. A radius of 0.24 um has its maximum value in May 2011, while
a radius of 0.11 um has a maximum value in July 2011.

Single scattering albedo and asymmetry parameters

We also analyzed asymmetry paramter (ASY) and single scattering
albedo (SSA) of aerosols. ASY is used in calculations of radiative
transfer and indicate useful information about aerosol absorption and
it depends on the size of aerosol and the composition. ASY is calculated
by following equation:

1

ASY (1) = 5

3

I cos OP (4, 0) sin0d 0
0

Where P(A,0) is the phase function and 6 is the angle between the

incident and scattered radiation. If the scattering is symmetric, ASY
becomes zero, for completely forward scattering it is +1 and it is taken
to be -1 for completely backward scattering. Figure 8A shows ASY
(solid lines) and AOT (dash lines) over Zanjan during 2010-2013. The
decreasing trend in ASY can be seen with increasing wavelengths. ASY
and AOT have the same variation in low wavelengths (440 and 676 nm)
and inverse variation in high wavelengths (871 and 1020 nm). The ASY
variations were found from X0.64 to 20.75 during studied period. Zege
et al. [24] and Ali [25] reported that ASY varies from ~0.1 to ~0.75
for very clean conditions to polluted atmospheres in the cloud-free
atmosphere. The value of ASY was found to be 20.7 for summer (not
shown) in the cloud-free atmosphere over Zanjan which indicate it has
the polluted atmosphere. The increment of ASY suggests that coarse
particles are abundant, whereas the decrease can be caused by the
abundance of absorbing aerosol [26].

The Single-scattering albedo (SSA) values show the abundant of
the scattering type of aerosols as compared to the absorbing type of
aerosols. Several studies were conducted in aerosols scattering and
absorption properties and their impact on climate in recent years [7,27].
The composition of aerosol can largely control the spectral behavior of
SSA [28]. For example, for sulfate that is a non-absorptive aerosol, the
direct aerosol forcing at the surface and top of the atmosphere is almost
the same, but for black carbon that is an absorptive aerosol it reduces
the surface insolation. Figure 8b shows SSA and AOT variations during
2010-1013 over Zanjan for different wavelength. SSA increases with
increasing wavelength. SSA values are found to be ranging from 0.90
to 0.93 for different wavelength over Zanjan and it has the same values

Environ Pollut Climate Change, an open access journal
ISSN: 2573-458X

Volume 1 « Issue 3 « 1000127


https://www.epa.gov/air-trends
https://www.epa.gov/air-trends

Citation: Arkian F (2017) Short-Term Variations of Aerosol Optical Depth during the Severe Dust Storm in 2015 over the Middle East and Long-term
Variations of Aerosol Optical Properties. Environ Pollut Climate Change 1: 127. doi: 10.4172/2573-458X.1000127

Page 9 of 11

(@) o072
0.7

0.68

ASY

0.66
0.64
0.62

0.6

440 676

—O— ASY-2010
—6— AO0T-2010

(b) 0.98

SSA

440 676

—=©— SSA-2010

—6— AO0T-2010

Wavelength (nm)

—=— ASY-2011
—=— AO0T-2011

Wavelength (nm)

—=— SSA-2011

—=— AOT-2011

Figure 8: Spectral variations of a) ASY and AOT; b) SSA and AOT over Zanjan during 2010-2013 for different wavelengths.

0.2

0.15

AOT

0.1

0.05

871 1020

——— ASY-2012
AOT-2012

—— ASY-2013
AOT-2013

0.25

0.2

0.15

AOT

0.1

0.05

871 1020

—¥— SSA-2012 —>— SSA-2013

—*— AOT-2012 AOT-2013

that derived in Paris and Beijing at 440 nm; while, it is less than that
derived in Maryland (about 0.96 at 440 nm). This different indicated
that urban aerosol models should be created in different urban regions
[29]. AOT and SSA have the same variation in high wavelengths (871
and 1020 nm) and the inverse variation in low wavelengths (440 and
676 nm).

Aerosol radiative forcing

Understanding aerosol radiative forcing of climate is important
for various reasons, most notably for its crucial role in climate
change. Climate forcing is a combination of increasing greenhouse
gas concentrations, solar variability, stratospheric volcanic aerosol,
and tropospheric aerosol, both natural and anthropogenic. Aerosol
forcing cannot be measured directly, there has been an intensive effort

to determine what the direct aerosol forcing might be using both
observations and models. Alam et al. [30] defined Aerosol Radiative
forcing (ARF, in wm?) as the net imbalance in irradiance (Solar plus
long wave) and can be shown as following equation:

AF = (FaT'Fa‘L) - (FOT-Foi)without (4)

with

Where AF is irradiance, the first and second sentences in the
right of the equation are the net irradiance with and without aerosol,
respectively. Indirectly, these changes effect on specific ARF changes.
Figure 9 shows the variation of ARF at earth’s surface (BOA), top of
atmosphere (TOA) and AOT at Zanjan during the 2010-2013 periods.
The ARF at surface and TOA were found to be ranging from -79 Wm
to -10 Wm? (average: -33.45 Wm?) and -25 wm™? to 6 wm (average:
-12.80 Wm?) at Zanjan, respectively. The difference between ARF at
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Figure 9: Monthly variation of ARF at earth’s surface (BOA) and the top of atmosphere (TOA) during 2010-2013, over Zanjan.

surface and TOA is higher in Jun than other months. Radiative forcing
at the BOA is much larger (3 times) than that at the TOA. The deep
cooling effect has been occurred on May 2011 due to mineral dust’s
effect of reflecting and cooling at the visible wavelengths. However,
Dust’s warming counters half of its cooling effect due to absorbing
and warming at the longer infrared wavelengths [27]. An increase in
AOT would lead to the decrease in radiative forcing (more negative
value) at the surface and top of the atmosphere. The negative values of
AREF indicate solar radiative cooling effect and positive values of ARF
indicate radiative warming effect [31]. Strong correlation between ARF
and AOT was calculated -0.92 at 0.05 significant level.

Conclusion

Aerosol optical depth has been analyzed during the infrequent
severe dust storm in February 2015 over the Middle East, using
MODIS measurements. The AOD variations show a sharp peak on
11 February 2015 in four dust source regions of Iraq, Syria, Egypt
and Saudi Arabia and the maximum AOD values found were 0.8, 1,
1.3 and 0.7, respectively. In Iran, maximum AOD were recorded on
the 11" of February over the southwestern regions including Ahvaz
and Ilam cities, reaching 1.3 and 1, respectively. The HYSPLIT back
trajectory analysis showed that the air masses come from Egypt and
Mediterranean Sea and then passed over the south of Turkey and the
north of Iraq and ultimately reached to Iran on 01 February 2015. But
in the middle February 2015, the air masses reached Iran from Libya,
Egyp, Saudi Arabia and Iraq. CALIPSO retrieved aerosol classification
showed dust and pollutant dust rise from surface to middle of the
troposphere (~5 km) over the studied area.

The long-term temporal variation of AOD in 2000-2015 using
MISR data represent an increasing trend in AOD over Ahvaz and Solar
Village with maximum values in 2008, 2012 and 2015. Since the dust
storms events are more frequent in the summer in Ahvaz and Solar
Village regions, what these three years have in common is dust events
in winter and early spring.

Aerosol optical properties such as Aerosol Volume Size Distribution
(AVSD) ASYmmetry parameter (ASY) and Single Scattering Albedo
(SSA) have been analyzed for Zanjan during 2010-2013. The AVSD
variations displayed two modes, fine (0.05 um-0.33 pm in radius) and
coarse (0.33 um-15 pm in radius), over Zanjan during 2010-2013.
Significant variations are observed in the coarse mode. The highest

values of AVSD in the fine and the coarse modes observed in 0.11
pum and 2.24 um radius, respectively. Monthly variation of AVSD for
particles with radiuses of 0.11 um and 2.24 pm indicated that the
AVSD’s peaks occur in warm months over Zanjan. Decreasing trend
in ASY over Zanjan can be seen with increasing wavelengths. ASY and
AOT have the same variation in low wavelengths (440 and 676 nm) and
inverse variation in high wavelengths (871 and 1020 nm). The value of
ASY was found to be £0.7 for summer in cloud-free atmosphere over
Zanjan which indicate this city has the polluted atmosphere.

Variation of the ASY showed a decreasing trend in the ASY with an
increase in the wavelengths. SSA values are found to be ranging from
0.90 to 0.93 for different wavelength over Zanjan and it has the same
values that derived in Paris and Beijing at 440 nm; while it is less than
that derived in Maryland (about 0.96 at 440 nm). AOT and SSA have
the same variation in high wavelengths (871 and 1020 nm) and the
inverse variation in low wavelengths (440 and 676 nm).

The ARF at the surface and top of the atmosphere were found to
be ranging from -79 wm™ to -10 Wm(average: -33.45 Wm) and -25
wm? to 6 wm? (average: -12.80 Wm™) over Zanjan, respectively. The
difference between ARF at surface and TOA is higher in Jun than other
months. Radiative forcing at the BOA is much larger (3 times) than that
at the TOA. Strong correlation between ARF and AOT was calculated
-0.92 at 0.05 significant level.
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