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Abstract: The southwestern Iran is one of the regionsatteahost prone to dust events. The objective

of this study is the analysis of the spatial and temporal distsbtititust deposition rate as a key factor

for finding the relative impact of the dust. First, the monthly mean aerosol optical thickness (AOT) from
Moderate Resolution Imaging Spectroradiometer (MOidSanalyzedand compared with the dust
amount variationfom ground deposition rate (GDR), ahé results were furthesed to investigate

the spatial and temporal distribusiofi dust events in southwestern Iran for the period between 2014
and 2015. Moving air mass trajectories, usirdyttréd SngleParticle Lagrangiaimtegratedirajectory
(HYSPLIT) model, were proven to be a discriminator of their local and regional origin. The results from
GDR analysis produced a correlation coefficient between dust event history and deposition rates at dus
magnitude®f >0.93 that is meaningful at the 95% confidence level. Furthermore, the deposition rate
varied from 3g/m2 per monthin summer to 1@/m2 per month in spring and gave insight into the
transport direction of the dust. Within the same time series, A@Bmmrdences with MODIS on

Terra in four aerosol thickness laydesan,thin, thick andstrong thick) wereshown in relation to each

other. The deepest mixed layers were obserepding and summaevith a thickness of approximately
3500m above ground level in the study dre@stigations of grourushsed observatiomsgrecorrelated

with the same variations for each aerosol thickness layer from MODIS imageys @and bapplied to
discriminate layers of aeolian dust from layershei aerosols. Together, dust distribution plots from
AOT participatd to enhance mass calculations and estimation deposition rates frook #melstrong
thickaerosol thickness layers using the results from GDR. Despite all the advances of A@Tiaimder c
circumstances, groubdsedobservationare better able to represent aerosol conditions ovetuthe

area, which were tested in southwestern Iran, even though the low humber of obseavedimmsdaly
acknowledged drawbauk GDR.
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1 Introduction

During the last decades, dust event frequency and intensity have increased significantly in the
western parts of Iran (Gerivani et al., 2011). Rezaei e2ll9 analyzed dust studies in Iran
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since 2006 and concluded that the southwestern provinces of Iran were characterized by the
highest dust deposition rates. Mineral dust aerosols influence the climate system directly by
scattering and absorbing radiatiikaufman and Koren, 2006; Alizadeh et al., 2013), which is
associated with alterations in meteorological significance that may change the vertical profiles of
temperatures and wind speeds (Alizadeh et al., 2013). During transport, dust particles are
continuously removed from the atmosphere by processes of dry and/or wet deposition (Lawrence
and Neff, 2009). Several studies have addressed the dust deposition rate (Song et al., 2008;
Schaap et al., 2009; Huang et al., 2010; Sorooshian et al., 2011; Balalafsta al., 2012;
Crosbie et al., 2015). However, the most attenti@s the uncertainties in spatial and temporal
distributiors, depending on changing patterns of human activities (Neff et al., 2008), different
measurement techniques (Sokolik et al., D0@he concentration of dust in the atmosphere, as
well as surface features of the environment of the depositional sites (Tegen and Lacis, 1996). In
the long run, the mass deposition rate of dust particles influences air quality (Arimoto et al., 1997;
Abdou et al., 2005) and may cause considerable negative health effects (de Longueville et al.,
2013; Kharazmi et al., 2018). Having data from the rate are usually used to validate model
simulations (Yu et al., 2003) or may provide a useful benchmark. Acglydipoth passive and

active sampling techniques can pay off to the lack of information from the rate by ground
observations (Taheri et al., 2015)

The most commonly used passive sampling techniques for collecting dust use a nonreactive
collection pan, whih serves as the depositional surface (Offer and Goossens, 1994; Reheis and
Kihl, 1995). However, active sampling is suggested for particle measurements and for air filtration
at or near ground level (Prospero et al., 1987). Estimates of deposition fiigensampling are
subject to the ability to accurately convert atmospheric dust concentrations to rates of deposition
(Wesely and Hicks, 2000). Grouhdsed observations contribute strongly to a better
understanding of the processes of aeolian dust tremspd the impact of aeolian dust, gig.the
form of a longterm research project in the Aral S#asin from 2003 to 2012 (Groll et al., 2013;

Opp et al., 2017). Aerosol optical thickn€a©T) is usually obtained both from growhased and
satellite olservations. Many studies have been performed on the high temporal and spectral
resolution measurements from therédsol Robotics Network (AERONET) in comparison with

data from space (Prospero et al., 1987; Rubin et al., 2B ERONET is a National Aeronautics

and Space AdministratiofNASA) network for monitoring and characterizing atmospheric
aerosols by grountlased sun photometer (e.g., Cazacu et al., 2018). It has to be pointed out that
due to the regional distribution ¢fie AERONET stations (Binietoglou et al., 201f)e quality

and representativeness of the AERONET data, which play an important role in the global dust
monitoring (Cesnulyte et al., 2014), are strongly dependentigit Detectionand Ranging
(LIDAR) ingruments measurement techniques (Lolli et al., 2018), and subsequent data processing
methodologies. Based on these dependen8EERONET only represents a small area around the
monitoring sites and does not provide data with a great spatial coverage éRabj 2017). While
unlikely, AOT predictions from satellites are performed by imaging using a ceilegrated
measure of the extinction cdiefent (Yu et al., 2016) by the quantitative calculation of the effect

of the total (anthropogenic plus nal)raerosols. Many algorithms have been applied to NASA'
Moderate Resolution Imaging Spectroradiometer (MODIS on Terra and Aqua over the land) to
retrieve AOT Abdou et al.,, 2005; Kaufman and Koren, 2006). Comparatively, the standard
collection product fom MODIS has been used in many aerosol studies (Golitsyn and Gillette,
1993; Sorooshian et al., 2011). Experiences from aerosol patterns represented the seasonal
climatology of AOT over the Indian subcontinent (Maiti and Prasad, 2016). Included are the
long-term AOT variation in eastern China from 2001 to 2010 (Kim et al., 2014) and an application
in northern China using the Mulingle Imaging SpectroRadiometer (MISR) over a three year
period (Qi et al., 2013). In addition, observed concentration, depgsandAOT measured by
satellite instruments can be used to estimate the overall source location and temporal evolution of
the transported material (Bieringer et al., 2017; Hutchinson et al.,, 2017). Several studies have
attempted to make such estimationsing a number of different approaches from model
comparisons to field measurements (Chai et al., 2015; Ngan et al., 2015; Stein et al.In2015).
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order b demonstrate the aerosol movemeesearchers usedHybrid Single Particle Lagrangian
Integrated Tajectory (HYSPLIT) model (Wang et al., 2011; Chen et al., 2013; Ashrafi et al., 2014)
for the trajectory analysis and its back trajectory at different heights to investigate the origin of
particles prior to their arrival at a given place (Cazacu et@L8R To allow the discrimination of
separate layers ddieoliandust from layers of other aerosols (Yasui et al., 2005), HYSPLIT
facilitates the development of backward and forward trajectories (Draxler and Hess, 1998) and
computes complex dispersions arious altitudes with a resolution of 500 mx6@0 and a
horizontal grid of 1.5<1.5° (Ashrafi et al., 2014).

The ground depositionrate (GDR) can determine key points of dust activity to identify the
general directions and areas of emission, an essential prerequisite for a better understanding of
dust processesTherefore this study is focused primarily on direct measurements of dust
deposition,which is made by passive sampling techniques.mentioned beforemany studies
have been done to evaluate dust deposition rates using different technidnaesand in other
cowntries(e.g., Sorooshian et al., 2014shrafiet al., 2014). However, the GDR in southwestern
Iran has not been investigated very well. Providing an assessment of dust deposition rates against
the relevant criteria such as wind, raamd temperature, eleting the spatial distribution of the
dust deposition, and observing the potential relationship between total dust distribution and AOT
will address the following research questio(ky What is the level of dust deposition that is
representative for thestudy area(southwestern Irg® (2) What spatial variations in dust
deposition can be identified3) How do the measured dust deposition rates compare to AOT in
the period from March 2014 to March 20157

The results from grountased observations togeth@long with analyzed data from AOT,
were compared for a more detailed monthly dust event over the study area. AOT data were
analyzed to understand tepatal andtemporalpatterns of the points with the same variation and
intensity to GDR for the periodf 2014 2015. The corresponding points were used in HYSPLIT
for the model output.

2 Study area

Iran has a complex plain and hilly terrain and is located between the southern coast of the Caspian
Sea and the northern coast of the Persian Gulf andethef Oman. The study area is located
between the west side of the ZagMsuntainRange and neighboring areas to the international
border with Irag to the west (Fid). In the study area, the sampling facilities and equipment that
correspond to the gaugées from the north to the south are assigned toi GAD. The altitude

ranges from sea level in the southern part to 808.s.l.in the north and to 4006 a.s.l. in the

east. Near the coast, the climate is dry and humid (G09, G10), while dry deserbtand h
semidesert climate extend from GO01 to G04 and from GO06 to G08, with a Mediterranean climate
in the northeast which is nexi@ close to the mountain range.

The minimum and maximum values of mean precipitation at gauge sites G10 andefz06
given as 7and 26 mm, respectively (Iran Meteorological Organization, 2014; IRMO, 2016).
However, monthly precipitatiowasnotably below the average at GO1ni@®). It is likely that the
precipitation values at GO7 (@m), G08 (13mm), and G09 (121m) can be class#d at the same
level below the median value of 18m, thereby extending into G10. In contrast, jhecipitation
at gauge sites G03, G04, G05, and GO06, inditatgalue of 19mm, whichwasabove average
(15 mm). Ambient monthly temperatures were obsemedng nearly the entire fieldwork period
for maximum and minimum values. A long period of maximum warm points fluctuated between
29C and 39C in the area of G01, at GO2 in the west, and also at GO7, G08, G09, and G10 in the
southwest, with a distinct magude of 29€C for G05. The annual minimum temperature at the
deposition sites was also warmer than average with the exception of G05, which experienced a
minimum value of 2€C.

Wind speed direction data covering mainly the period fromciMa014 to Mach 2015 were
indicated from cities where the gauge sites are located. Winds from the north and west blew up to
4 m/s at GO1, G02, G03, and G04. The maximum north and westwardcspaatiof 3 and 4 n's
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were detected at GO9 and Gi@spectively. However, th@stheastward wintvas projectedvith
thespeed of 3 and 2 n's at GO7 and GQ8espectivelywhile at GO5, the higher wind speegs
recorded only up to 2 fa.
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Fig. 1 Location of the study area (a) and the distribution of ground dust collector$ @&Qland altitudes in
the study area (b). DEMs (digital elevation models) are globally affordable and have approximately 1 km
resolution from GTOPO30 (a global DEM with a horizontal grid spacing of 30 arc seconds) through the USGS
(U.S. Geological Survey) Exprer dataset GTOPO30 (ASTER Science Team, 2001).

3 Methods and data

Comparing the results of monthly mean AOT from MODIS and data from weighting GDR using
enhancement algorithmsgere used to investigate thepatal andtemporaldistributiors of dust
everts in the southwestn Iran for the period between 2014 and 2015. Fspace consistency
between AOT and GDRveredefined. The results by agreement with model output of HYSPLIT
were taken into further calculation to improve estimation of the dust depositite fromthe
separate thickness layers.

3.1 Testing method

For the GDR method, a correlation function in high magnitude Ruwdlue<0.05 from mass
deposition rate and dust event history in accordance to synoptic report, when visibility has been
reduced below 1000 m, were suggested. Visibility datavere obtained from the Iran
Meteorological Organization (IRMQ016) to compare with AOT values. Cases with inconsistent
values have been removed from further calculation. For the second sort of datasehgrom t
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MODIS, preliminary qualitative comparisons were taken for all cases selected from the
aforementioned procesand AOT values were calculated and justified with NASA's MISR.
MISR images were captured from Giovanni MISR 5% and applied with a spatiasolution of

0.5°. The analysis of the time series rewsbh potentially promising correlation between the
derived thickness layers from AOT and actual deposition rate data from ground surveying. The
interpretation of fluctuated values of AOT, derivednfrahe MODIS on Terra measurements,
depicted variation of the thickness layers to discriminate separating layssl@andust with the

same variation and high correlation relationship from aerosols background.

3.2 Data from ground surveying

The dust depsition rate was measured by positioning 20 dust deposit gauges at 10 gauge sites to
improvethe observation and surveillance quality (Tak). Both gravimetric and directional dust
samplers (20n total) have been deployed to satisfy requirements of ASIINE56:05 (IHS under

license with ASTM, 2010) and have operated since 2014. As illustrated e Tathust samples

were collected monthly for gauges installed at 10 gauge sites for 12 months from March 2014 to
March 2015.

Table 1 Location of dust samplerin the study area

No. Gauge site Latitude Longitude Environment Altitude Total distance
number (N) (E) (ma.s.l.) (km)
1 GO01 34.000553 45.497595 Light industry and semilesert 144 0
2 G02 34.007182 45.499075 Light industry and semilesert 184 1
3 GO03 34.393584 45.648174 Semidesert 394 52
4 G04 34.423028 45.993753 Road traffic load 910 113
5 GO05 34.353365 47.101335 Census densely occupied 1304 245
6 G06 33.024976 47.759393 Light industry and village 581 632
7 GO07 32.380038 48.282664 Light industry and village 109 733
8 GO08 31.445194 48.632398 Light industry and village 25 860
9 GO09 30.584651 49.163632 Census occupied 6 9901
10 G10 30.352411 48.292293 Road traffic load 2 1091

Note: Dust samplers were classified with respect to the environment land cover dominance (Levy et al., 2013).

After each monthly sampling and after every exposure period, dust samples were removed
from the sits and sent to the Air Research Laboratory of thevdrsity of Marburg, Germanfpr
further analysis(Fig. 2). Copies of these laboratory reports are presented in the section
containing the results and discussiWe classifiedthe collected data into dust events based on
the total suspendedparticulate matter (TSP) in combination with the visibility and wind speed
(Iran Meteorological Organization, 2014; IRMO, 2016).
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Fig. 2 Construction and collecting of samples from sampling points. Sampling process is represé)téd)in
(c), and(d). Sampling begis fromremovng sampling platg A and B) followed by replace filter, and packing
samples with cautiofC andD).
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Since this study covers a vast area in the southwestern Iran and encompasses a range of
conditions associated with topograpmdaneteorology, the study areascategorized into three
sections.Specifically,we assigned G01, G02, G03, and G04 to the first se¢Beaton A), GO5
and GO6to the second sectiofBection B) and GO7, G08, G09, and G1i® the last and third
section(Section C)

3.3 Aerosol opical thickness

Twelve months of records &OT at 550 nmwereobtained from the MODIS instrument onboard
the NASA Terra satellite since March 2014. Aside from high spatial resolution, Terra level 3 is
providing data ranging &m 250m to 1km, allowing for almost daily world coverage collection
from MODIS (Q1 quality controlled AOT) aerosol repository.

MODIS AOT datawere collected over a larger area 80°1 50°N and 35°1 45E, as well as
regional dust loading pointData with a very good quality were flagged to generate AOT
statistics over the study areath 0.5% 1.0°resolution (at 550nm over dark targets for land only
have been selectedTabe 2). We calculatedthe maxmum, minimum, mean and standard
deviationof AOT values from all pixels which already had been changed to point features and fall
within each class, and analy the differences between the mean vaindifferent classes. After
converting the results to points, tKeiging interpolation method waapplied to the pixel values
(Dindaroj !l u, 201 4; Frankl in et al ., 2018) .
approachused to calculate weights for measured points and to derive predicted values for
unmeasured locations. Ultimately, the Iterati SelfOrganizing Data Analysis Technique
(ISODATA) classification was applied to AO(&t 550 nm) of the monthly images for the period
between 2014 and 2015.

Table 2 Titles of Giovanni online data systems developed and maintained by National AeroragtiSpace
Administration (NASA) Goddard Earth Sciences Data and Information Services Center (GES DISC)

Dataset sensor satellite, and andwidth Platform Availability Spatialresolution Temporalresolutior
MODO08 M3 v6.1at 550 nndark target, for Terralevel 3 1 Mar 2000 0.1%x0.1° Daily, 8d, and
land only 1 Feb 2000 (10kmx10 km) monthly
MODO8_M3 v6.1at 550 nmdeep bluezerosol, Terralevel 3 Giovanni 1.0% 1.0° Monthly
for land only
MODO8 M3 v6.1at 550 nmdeep blueaerosol, Terralevel 3 Giovanni 1.0% 1.0° Monthly
for land and ocean
MIL3MAE v4, MISR aerosoloptical depth 55¢ 1 Mar 2000 % 0.5 .
nm Terra Giovanni 0.5% 0.5 Daily andmonthly

Note: Dark target has separate algorithms for land and oBesap blue in the MODIS aerosol products is a leetdeval only. Land
algorithm method works best over dark vegetated targets and does not work over bright land surfaces

3.4 HYSPLIT model trajectory review

The NOAAAIr Research Ibrary provided the tools (https://ready.arl.noaa.gov/hypiniitrajtype.)

for calculating forward or backward trajectories and specifying the start/end point location as well
as the period over which to calculate the trajectories. Surface wind observations and air above
ground based level trajectori@gere included using thdocal wind profile (Stein et al., 2015;
Rolph et al., 2017)We applied backward trajectories model output (NOAA HYSPLIT) over three
sections(A, B, and C) ¢ obtain the direction and updraft located above grehased level
relatively and to reveal the finence of direct or indirect effects of the dust transport on
deposition rateDuring the steady state results from the dust evidence from both AOT and GDR,
each section has its own longitude and latitude direction and three trajeaterea®spectivey
simulated from 100, 5Q0and 1000 m for abovgroundbased level backward to 90 h before
reaching the section pointa,(B, and Q.

4 Results analysis and validation

We obtainedmonthly GDRdatausing statistical calculations for approximately 12 morsinse
March 2014 anddownloaded MODIS monthly AOT onboard Terra satellite (MODO08_M3) data
according to the study area coordinate system. The pixel values of each image were rebuilt and
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refined. Correlation coefficients were used to find relationshipadet dust event frequencies

and GDR for selecting justified collections. The MODIS prodidiata according to decimal
degrees; accordingly, all the ground station coordinates were converted to decimal degrees. The
zonal statistic trend results from AOT fified collection from GDR run into HYSPLIT model,

which provided backward trajectory data from dust transport directibstould be noted that

we discussedariations in both GDR and AOT in the discussion section, based on model output.

4.1 Ground moritoring results

Table 3 represents dust event frequency, in concert wittiubteleposition rate. In the given time,
thetotal dust event frequency valueere0 and1 time at GO5 and GQ8while 19, 17, 16, and 12
times at G01, G02, Gl@nd G09 respectrely. However,thetotal dust event frequency valuek

8 timeswere recordedt sites GO8 and G03. The same magnitudes were also found at sites GO1
and G02 during March, April, and Maf 2014. The average dust deposition rates ranged from 0.3
(G04i G06) b 1.2mg/cm{G01), equaing monthly field deposition rates of 32 g/n? per month

while the maximum valuewerebetween 12nd30 g/n? per month, recorded in summafr2014

and springof 2015. Correlation magnitudes of 0.35, 0.49, and 0.69 were indicated for the
deposition rate at sites G05, G02, and GO08, respectively. Given these points,gtioeind
deposition rates (GD$f were observed in March, Apriand May of 2014 (G01, G02andG03
respectively with significant P-value<0.04 and correlatiortoefficientsranging from 73% to
96%. Similarly, with significantP-value<0.05, high correlatiorcoefficientsbetween 69% and
93% were observeih January and February of 2015 (G10, G09, GO8 GO07). Interestingly,

the high correlatiorcoefficients with statistically significant differences would be wishful to
make remarkable time of evidence into discussion.

Table 3 Description of dist deposition rateznddust event frequency

Collection time Dust ceposition ratémg/cn?) Gauge site
Year Month G10 G09 GO8 GO7 GO6 GO5 G04 GO3 GO2 GO1 Total (M.W)
2014 Mar 1.00 0.60 0.70 0.20 0.20 0.50 0.20 0.80 0.80 0.60 5.60 G10

Apr 0.80 0.90 0.50 1.00 0.20 0.20 2.00 0.50 2.00 2.60 10.70 G01
May 0.20 0.50 0.20 0.50 0.10 0.30 3.00 0.30 0.50 1.00 6.60 G04
Jun 1.00 1.00 0.60 0.50 0.20 1.00 0.20 0.80 0.80 1.50 7.60 G01
Jul 0.90 1.20 1.90 0.60 0.30 0.90 0.20 0.80 0.50 0.80 8.10 G08
Aug 210 1.80 2.00 0.30 0.60 2.00 0.00 0.90 1.00 1.50 12.20 G10
Sep 0.90 0.90 0.60 0.20 0.00 1.00 0.50 0.90 1.50 1.50 8.00 Go1
Oct 0.30 0.30 0.30 0.20 0.00 0.10 0.20 0.20 0.60 0.90 3.10 Go1
Nov 0.20 0.50 0.20 0.20 1.00 0.10 0.20 0.20 0.90 2.00 5.50 G01
Dec 1.00 0.30 0.30 0.90 0.20 0.20 0.20 0.10 0.20 1.50 4.90 G01
2015 Jan 3.10 250 2.00 2.50 0.30 0.20 0.60 0.80 1.00 1.80 14.80 G10
Feb 1.10 150 0.80 1.70 0.10 0.20 0.20 0.60 0.40 0.50 7.10 G07
Mar 210 0.70 0.90 1.00 0.20 0.60 0.50 0.40 0.30 0.80 7.50 G07

Dustdepositionrate and dsteventfrequency
G10 G09 G08 GO7 G06 GO5 G04 GO03 G02 GOl Total

Dust Cbpf’nsq';',g%ate intotal 4470 1270 11.00 9.8 340 7.30 800 7.30 1050 17.00 10170

Date with the mximumdust Jan Jan Jan Jan Nov Aug May Sep Apr Apr
depositionrate 2015 2015 2015 2015 2014 2014 2014 2014 2014 2014

Dusteventfrequency(times) 16 12 8 7 0 1 2 8 17 19

Statistics
G10 G09 GO08 GO07 G06 GO5 G04 GO3 G02 GO1
Correlation coefficient 74% 93% 69% 85% - 35% 73% 81% 49% 96%
P-value 0.05 0.05 0.05 0.05 NA NA 0.05 0.05 0.05 0.05

Note: -, no data; NA, not significapM.W., maximumwitness which means thate site nhumbeis witnessed the maximum deposition
rates
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4.2 AOT results

Mapping pixel values of the study area were calculated and classified into four different layers of
aerosol thickness, including clean, thin, thick, and strong thick (Figs. Blonthly variations

and trends in averages and standard deviations of AOTewvakere analyzed to understand
changes irthe types of aerosol thickness in the study area (Figs. 6 and 7). Pixel values which
were remarked under four layers of aerosol thickness (clean, thin, thick, and strong thick) were
taken into consideration to deteine the areas with dust deposition rates in each month.

(a) MODIS-Mar 2014 (b) MODIS-Apr 2014
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Aerosol thickness layer
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B hick
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0 110 220 330 440 km
e — —

Fig. 3 Monthly average aerosol optical thickness (AOT; 550 nm dark target; 0.1°resolution) from March to
July of 2014

e (a) MODIS-Aug 2014 (b) MODIS-Sep 2014 (c) MODIS-Oct 2014
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Fig. 4 MonthlyaverageAOT (550 nmdarktarget 0.1° resolution) fromAugust to Decembesf 2014
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(a) MODIS-Jan 2015 (b) MODIS-Feb 2015 (c) MODIS-Mar 2015
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Fig. 5 Monthly averageAOT (550 nmdark target 0.1° resolution)from Januaryto Marchof 2015
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Fig. 6 Temporal monthly means of dark target MODIS AOT (dimensionliess) March to Novembeof 2014

The left Y axis shows modified pixel valsewvhich represent the minimum, maximum, median, and standard
deviation(SD) values of AOT. The right axis shows the relative counted value (counting pixel valu&®f

for each classFor the horizontal axis, 1, 2, 3, and represent the lean, thin, thick, and strong thick layers,
respectively.
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Fig. 7 Temporal monthly means of dark target MODIS AOT (dimensionliEes) December 2014 to February
2015 The leftY axis shows modified pixel values which represent the mimimmaximum, median, and standard
deviation(SD) values of AOT. The right axis shows the relative counted value (counting pixel valueAOdf
for each classFor the horizontal axis, 1, 2, 3, and 4 peesent the lean, thin, thick, and strong thick layers,
respectively.

Figure 6 shows the coumtilue fluctuation in the monthly trends of the four aerosol thickness
layers. It also illustrates the similar trends in AOT values for the thin and thick aerosol thickness
classifications, and different variahs in terms of extreme dust events such as the strong thick or
clean aerosol thickness in the entire study period. In other words, except for autumn and winter,
the study area experienced different monthly AOT variations with strong aerosol thickness and
higher standard deviations that indicated dust events. In spring and summer, the study area
exhibited the highest standard deviations, indicating that it was the region at most risk in terms of
extreme dust events. In the detail for April, May, and Jthmestandard deviations were relatively
high in the area of Section C (Fig. 3). The standard deviations in each group of aerosol thickness
just reflected the magnitude of variations in the group.

The general trend in the standard deviations decreasedsnahthe gauge sites during the
study period. A specific decline occurred in autumn and winter and was most likely due to the
relative counted value of aerosol thickness layers (Figs. 6 and 7).

4.3 HYSPLIT model output

The same temporal image data fromMA®A's MISR were applied to justify AOT. Theseata

likely quantified the ability of AOT collection to retrieve thickness values from the pixel values of
each point and were compared to the monthly data for the GDR. In addition to the
aforementioned relatiship between GDR and the variation of valaé the optical thickness
layer (strong thick), we characterizedhe model outputs for summer and spring based on the
ground gauge distributions. Therefore, the HYSPLIT model was running for location of esdpoint
for all sectiongA, B, and C;Fig. 8).

As shown in Figre 9, the model output simulated four days backward trajectory in spring and
summer based on updrafts loaded for 100, 500, and d08bBove ground level, with respect to
the above ground surface &vThe transport history relative to dust event frequemayshown
to the end at 1000 UTQUniversal Time Coordinatgdn 29 March 2014 The transport rate
originated fromthe westnorth Syria andhe Mediterranean Sea, moved southward toward the
center of Irag, and reach&ectionA, SectionB, andSectionC.

In contrast, the backward trajectories on 29 April 2014 (Fig. 9) showed trajectory flow derived
from the northwest of Saudi Arabia continuing northward ttee southeast of Irag and was
observed in both Section A and Section B, while the backward trajectory flow passed directly
over Section C from Section B, which can be associated with the local influemceA®T
mapping was not able to represent the deposition rate in Section A and Section B, including the
intensty of the dust transport rate.

The retrieved aerosol mass rate for January 2015 was verified by backward trajectories from
the model output. As slwn in Figure 10, the transport direction was influenced northward from
Saudi Arabia at 1500 m above ground level, crossing the Persian Gulf and reaching the area of



Mansour A FOROUSHANI et al.: Spatial and temporal gradients inthe rate afédugto s i t i on é

Section C. The observation can be verified by the high thickness of pixel values from AOT
(>0.4), which were linked to Section C. The observation values in Section B and Section C were
mainly arrived from Section A, the same flow with respect to the almost zero above ground level.

The retrieved aerosol distributions on 22 February 2015 deratedtthat high AOT values
were linked to the back trajectory at 3500 m above ground level from the Mediterranean Sea, the
extreme north of Saudi Arabia, and through southern &ad reached the area of Section A.

The transport direction confirmed the iagt of local dust contributions frothe southern Iraq
adding to the surface layer before deposition in Section B. This could also illustrate the cause of
different dust event situations in Section A. Maximum AOT values were combined with more
intense flowfrom the north at 1000 m above ground level aiiith dust flow from long distance
transports directed froe southern Irag and the Mediterranean Sea.

Fig. 8 Model output from Hybrid SingkParticle Lagrangian Integrated Trajectory (HYSPLIT) for st

(a), Section B (b), and Section C (c¢). Transport history relative on dust event frequency was simulated four days
backward trajectories for an ending time at 1000 WD@iversal Time Coordinatgdn January and February of

2015, and March, April, anilay of 2014. AGL, above ground level.

5 Discussion

In this study,we compared MODIS and MISR data with similar data from sampling periods
preceding and following the dust events in order to validate the optical thickness of MODIS and
MISR. Accordingly, he results of evaluating these data focusing on the retrieved AOT aaldes
their differences and correlatisare represented.



