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The characteristics and classifications of aerosol properties over Iraq was studied in this 

paper. The 1°×1° grid of monthly aerosol optical depth and angstrom exponent data of the 

period 2005 to 2017 in Iraq is used from Terra of MODIS. Moreover, the 1°×1° grid of 

Aerosol Index is used and it is available from NASA's Data and Information Services Center 

for Earth Sciences (GESDISC). The backtrjectory for 12 dust extreme events over the Al-

Jaziraregion was studied by using the Single-Particle Lagrangian Integrated Trajectory 

model (HySplit-4). The spatial-seasonal aerosol properties over Iraq were obtained from 

EOS-Aura satellite by Ozone Monitoring Instrument. The high-high clusters of aerosol 

optical depth and Aerosol Index values which refer to high concentration have been found 

in western and southern Iraq however low-low clusters have been found in the winter season 

over the whole of Iraq. According to Angstrom Exponent, there are three kinds of aerosol 

modes: fine, mixture, and coarse. This classification shows the maximum area under fine 

aerosols mode has occurred in the winter with 13.6% whereas the spring season did not 

show any area with fine aerosols mode. Moreover, the coarse mode covers the maximum 

area during the summer season with 97.7% and the minimum area during the winter season 

with 77. 2%. To demonstrate the relationship between topography and aerosol 

characteristics, Aerosol Properties Index is used which shows the degree of aerosol 

coarseness in each pixel. Using Geographically Weighted Regression and Ordinary Least 

Squares, the Aerosol Properties Index geographical distribution is strongly influenced by 

topographic conditions. Where the maximum coefficient of determination has been 

observed in the spring (R2=0.91) from the Geographically Weighted Regression model, 

while Ordinary Least Squares shows a lower coefficient of determination (R2=0.33), 

Geographically Weighted Regression in comparison to Ordinary Least Squares shows a 

better coefficient of determination in all seasons. The back trajectory for extreme dust events 

shows that some sources of air masses and their path to the study area through two pressure 

levels (1000 mb, 850 mb) and the geographical desert in the area of the study are the main 

cause of dust storms in the study area. 
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1. Introduction 

Aerosol are recognized as an essential component of Earth's atmosphere due to their impacts on 

climate, economic and health. The cumulative impact of aerosols on climate is typically evaluted in 

terms of radiative forcing (Tariq and Ul-Haq, 2018). A new report from the World Health Organization 

(Organization, 2021), revealed that aerosols is among the most dangerous to human health, (Du et al., 

2016, Gharibvand et al., 2017; Al-Salihi, 2018).  

Currently, several countries across the world govern and continuously track PM atmospheric levels 

(Alqurnawy et al., 2022). Common daily and/or annual limits are usually set for PM2.5 and PM10. 

Aerosols have a major and clear effect on climate change. The main influence of aerosols on climate 

patterns was inconsistencies in radiation budgets for direct or indirect impact (Yousefi et al., 2020; Ji et 

al., 2011; Yang et al., 2018). Aerosols also have a significant source of instability in the climate system 

within identified atmospheric substances, which vary both spatially and temporally. Owing to our 

limited knowledge of the Spatial and temporal distribution and aerosols properties, there is significant 

variability in the quantification of aerosol radiative force. (Tariq and Ul-Haq, 2018). Aerosol particles 

have a direct impact on the Earth's energy system by their interactions with solar and terrestrial radiation. 

The direct radiative effect of aerosol (REari) is characterized as a variation in radiative fluxes induced 

by aerosol partials. Aerosol also impacts the Earth's radiation budget indirectly through its involvement 

in cloud production and by modulating the radiative effects of clouds through a variety of different 

mechanisms (e.g., cloud albedo modification or cloud lifetime) (Witthuhn et al., 2020). 

Aerosol optical depth (AOD) is the most detailed indicator used for remote measurement of the 

load of aerosols in the atmosphere and used to represent the loading of aerosol columns. In recent years, 

remote satellite sensors and ground-based data have been commonly used to study the spatiotemporal 

distribution of aerosols on a different scale. Satellite instruments such as the Moderate Resolution 

Imaging Spectroradiometer (MODIS), the Multi-angle Imaging Spectroradiometer (MISR), Total 

Ozone Mapping Spectrometer (TOMS), and Ozone Monitoring Instrument (OMI), are used to detect 

aerosols at regional and global scales to have long-term to continuous monitoring for the region of study 

(Filonchyk et al., 2019). Evaluation and inter-comparison of AOD satellite products is difficult for a 

number of different reasons: data persists in various formats, over different time periods that can 

converge only slightly, computational requirements (especially for L2 data) are high, and data typically 

comes in different spatio-temporal grids. Recently, a lot of data from satellite were used to classify the 

global accumulation of aerosols has commonly used data from MODIS. Many studies have proposed 

different aerosol detection algorithms using MODIS (Zhang and Reid, 2010). Extensive efforts have 

been made to track aerosols with (AOD), Ångstrome exponent (AE) and Absorption Aerosol Index 

(AAI) as the main optical aerosol characteristics that are regularly tested. Useing of ground-based 

aerosol networks (e.g., Aerosol Robotics Network (AERONET) (Holben et al., 1998) (Hu et al., 2018). 

Nevertheless, they require expensive and complex equipment and occupy fairly limited areas (Kang et 

al., 2016; Adesina et al., 2017). Past and new research have demonstrated that doubts existing in 

products of satellite for aerosol due to instrument configuration, complicated surface area, cloud 

aggregation (Levy et al., 2015; Mehta et al., 2016; Boiyo et al., 2017, De Leeuw et al., 2018). Owing to 

significant uncertainties in the spatiotemporal distribution of aerosols across the globe, the regional and 

global effect of atmospheric aerosols on the atmosphere remains unclear. This variation is due to the 

high variety of the sources of origin of the various aerosols as well as their limited period of residence 

in the atmosphere (Rezaei et al., 2018; Srivastava et al., 2016). Previous studies Investigated the spatial-

temporal variability of aerosols in different regions of the world, referring to stable atmospheric 

conditions, high temperature, high humidity and low elevation, which result in a high concentration of 

AOD in the region (Zayakhanov et al., 2012; Cheng et al., 2015) (He et al., 2016; Boiyo et al., 2017). 

In Iraq, there is no site of Aerosol Robotic Network (AERONET), All related research works depend on 
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satellite date satellite data which provide a good opportunity to monitor spatio-seasonal heterogeneity 

of aerosol properties. A limited number of studies have been submitted in Iraq to study the characteristics 

of atmospheric aerosols and its impact on some climatic and environmental parameters (Awadh, and 

Ahmad, 2012; AL-Salihi, 2017; Awadh., 2012). This study has aimed on two main objectives: First, 

investigation and study the spatial and seasonal distributions of physical and optical propertie(AOD, AI 

and AE) over Iraq, the second aim represents by determination the origin and source of the extreme air 

masses, a Lagrangian technique was used, which involved computing backward trajectories using 

(HySplit-4) over al-Jazira Region.  

2. Materials and Methods 

2.1. Satellites Types  

There are two satellites (Terra and Aqua) consisting of the Resolution Imaging Spectroradiometer 

instrument MODIS which are part of NASA's Earth Observing System (EOS). The mission of MODIS 

giving spatial and temporal information about aerosols. These satellites have measurement data by 36 

channels of the wavelength range from 0.4 to 14.4 μm with various resolutions and their altitude at 705 

km. At 10:30 LST Terra crosses the equator whereas Aqua crosses the equator at 13:30 LST. More datils 

could be found in (http://modis.gsfc.nasa.gov). The 1°×1° grid of monthly AOD and angstrom exponent 

(AE) data of the period 2005 to 2017 in Iraq is used from Terra of MODIS. Moreover, the 1°×1° grid of 

Aerosol Index (AI) is used and it is available (GESDISC). The spatial-seasonal aerosol properties over 

Iraq were obtained from the EOS-Aura satellite by Ozone Monitoring Instrument (OMI). 

  The technique Anselin Local Morans is applied in this paper to identify outliers feature cluster 

and outlier analysis in addition to the determination of locations that could be found with high and low 

AOD and AI values in terms of significant clustering. The study area is noticed as three parts according 

to the aerosol model of AE values (fine, mixed and coarse) as shown in Table 1. The aerosols properties 

Index (API) are figured out based on a combination between the concentration and size of aerosol. The 

AOD and AI values refer to the concentration of aerosol whereas the AE their size. Thus, when apply 

this fact in some regions we can express for this relation between API and aerosols parameters as, high 

API coarse mode and the low API fine aerosol mode, in a region which we can write it as equation 1. 

Because of the region topography has an effect on aerosol properties index API, the comparison between 

GWR and OLS models could be convenient for understanding the relation between aerosol 

characteristics and topography. At each grid point, dust extremes events were defined as those events in 

which API was above its 99.9thpercentile for the twelve years. The highest 12 values of (API) were 

recorded in years 2016and 2017 over al-Jazira rejoin.  

2.2. HySplit-4 Model and the Back Trajectory  

In order to determine the origin and course of the extreme air masses, a Lagrangian technique was 

used, which involved computing backward trajectories. NOAA's Hybrid Single-Particle Lagrangian 

Integrated Trajectory model (HySplit-4) [http://www.arl.noaa.gov/ready/hysplit4.html] was used to 

construct 4-day back-trajectories using gridded NCEP/NCAR reanalysis data. Trajectories were 

calculated at 500 m a.s.l. at the moment of the episode's beginning for 12 dust extreme events over al-

Jazira rejoin. 
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3. Results and Discussion 

The spatial and seasonal distributions of physical and optical properties (AOD, AI and AE) over 

Iraq were represented in Figs. 1, 2 and 3 respectively. Where the AOD mean values of Winter, Spring, 

Summer and Autumn are 0.207 ± 0.066, 0.430 ± 0.131, 0.401 ± 0.121 and 0.293 ± 0.088 respectively. 

The maximum value was in Summer (JJA) about 0.850 in middle of IRAQ, whereas the minimum value 

was 0.101 in Winter (DJF) in North of IRAQ. In Spring (MAM) season was noticed the AOD Values 

takes range between 0.288-0.664 likewise, the Autumn (SON) season where the AOD value takes range 

between 0.101-0.570 as shown in Fig 1. In addition, the AI mean values of Winter, Spring, Summer and 

Autumn are 1.074 ± 0.010, 1.386 ± 0.032, 1.447 ±0.036 and 1.141± 0.019 respectively. The AI 

maximum value is 2.600 in JJA in south of IRAQ and minimum value is 0.741 in SON in north of 

IRAQ. However, in the DJF the AI values are between 0.860-1.583 over IRAQ as illustrated Fig 2. 

On the other hand, in Fig 3, it was noticed that the AE mean values of Winter, Spring, Summer and 

Autumn are 0.847 ± 0.033, 0.610 ± 0.038, 0.548 ± 0.032 and 0.747 ± 0.031 respectively. The AE 

maximum value is 1.629 in JJA in north of IRAQ whereas the AE minimum value is 0.054 in JJA in 

desert regions also. The AE have same behavior in DJF, MAM and SON seasons. Figs. 4, 5 represents 

the spatial maps of AOD and AI, which clustered of all seasons respectively. The employed approach 

has a powerful capability of High and low classifications’ AOD and AI data in Iraq. As shown in Fig. 

4, winter season characterized by a lowest high, cluster of AOD concentrated in Al Muthanna and Basra 

governorate, whereas Spring and Summer seasons presented the highest high cluster of AOD over 

southern and al-Jazira region along the Iraq-Syrian border. And finally, during Autumn season, the high 

cluster AE is a qualitative indicator, which provides information for each fine-and coarse-mode aerosol. 

As mentioned in the above methodology section, regions with different aerosol modes are determined 

basedon AE values, thus dividing Iraq into three distinct regions, i.e. fine mixed and coarse aerosol 

mode, as shown in Fig. 6. AOD can be observed in separated regions over Iraq such as al-Jazira, middle 

Euphrates and Samawah desert respectively, in contrast the low cluster of AOD appeared over Zagros 

mountains. Fig 5 illustrated the spatial distributions of AI during the four seasons from winter to Autumn 

where the highest high cluster observed over southern region especially in Samawah desert and Basra 

city in all year seasons however the al-Jazira region shows the high cluster during the season’ Winter, 

Summer and Autumn. 

In Fig. 7, scatter plot represents the relation between predicted API values and the estimated one, 

using GWR and OLS. As can be seen, GWR, in comparison to OLS, shows a better coefficient of 

determination in some seasons. The maximum coefficient of determination has been observed in the 

spring (R2=0.91) from GWR model, while OLS shows lower coefficient of determination (R2=0.33), 

indicating that the API geographical distribution is strongly influenced by topographic conditions.  

As seen in Fig. 8, the illustrated maps of local R2 value show the model's performance in each pixel 

during all seasons. The overall local R2 for Iraq during winter, spring, summer, and Autumn are 0.40, 

0.44, 0.42, and 0.42, respectively. In all seasons, the maximum performance of the model (High R2 

values) has been observed in the western region, suggesting that in these regions, height and API values 

are low and high, respectively. For example, in the spring maximum local R2 has been seen in the 

western region (latitude= 35.5, longitude= 42.5, height= 201 m, API= 1.27) with an amount of 0.66, 

whereas the minimum values have been observed in the central region of Iraq  and Samawah desert. This 

is probably due to the transfer of aerosols from distant areas. For example, in the spring, minimum local 

R2 (0.017) has been seen in Samawah desert region (the Iraq border with Saudi Arabia) (latitude=44.5 

longitude=29.5, height = 387-meter, API= 2.32). 

There has been little literature about the relation between topography and aerosol properties; 

however, our results are consistent with the previous studies that showed the association of 

topographical structure and spatial distribution of aerosol properties (Collaud Coen et al., 2018) 
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mentioned that in non-forested regions, dust storm frequency increased as the fraction of closed 

topographic depression rose, likely due to the accumulation of fine sediments in these areas. (Jiang et 

al., 2019) reported that two low AOD centers were located in China: the high-latitude region in Northeast 

China with AOD of about 0.2 and the high-altitude region in Southwest China with AOD from 0.1 to 

0.2. They stated that the Tibetan Plateau in the west may be regarded as an essential big topography in 

the dispersion of aerosols across China.   

3.1. The Back Trajectory Analysis  

The back trajectory for extreme dust events in the al-Jazira area for the years 2015,2016 and 2017 

at level 500 m are shown in Fig. 10-blue line. The air that affects the study area is shown a different 

behavior which led to generating the dust storm, in addition, there are three types of air source causes a 

dust storm in the study area. The first region is coming to an area from the African Sarah region and 

Sudan (c, g, k) which led to an increase in the rate of aerosols in the air mass that coming to the study 

area. In contrast, there were three cases (I, j, L, b) whose sources from the Arabian desert led to making 

the air masses loaded with a large number of aerosols and dust upon its arrival to the study area. Finally, 

there have been instances where air masses have originated in the Mediterranean basin countries of 

Turkey and Romania. In summary, more than 75% of dust storms are caused by air masses from outside 

the study area; the desert geographical area surrounding the study area is the main reason for the 

formation of dust storms, especially if they coincide with the expansion of the air depression from the 

Red Sea. These results are consistent with previous studies that stated that the desert ocean of the study 

area from neighboring countries is the main cause of dust storms. 

 The back trajectory for extreme dust events over al-Jazira area for the years 2015,2016 and 2017 

at level 3000 m are shown in Fig. 9-red line. The air mass that affects in the study area shows a different 

behavior compared with results at 500 m level, where the African Sahara and Syrian desert air masses 

are shown in seven cases (b, c, g, h, j, k, l) which represent 60% of a dust storm in the study area. In 

addition, the air mass is cared many aerosols regard to geographical nature of air mass region and air 

masses at the 500m and coming from the African Sahara and Sudan correspond to the air masses at an 

altitude of 3000m. This leads to a deepening of the air masses laden with aerosols and dust. 

Table. 1. The aerosol mode of AE values 

Fine AE > 0.95 

Mixed 0.85 < AE < 0.95 

Coarse AE <0.85 
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Fig.1. Spatio-Seasonal variation of AOD for period 2005 and 2017 over Iraq 

 

Fig.2. Spatio-Seasonal variation of AI for period 2005 and 2017 over Iraq 
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Fig.3. Spatio-Seasonal variation of AE for period 2005 and 2017 over Iraq 

 

Fig. 4. Seasonal long-term AOD clusters and outliers for the period 2005 and 2017 
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Fig. 5. Seasonal long-term AI clusters and outliers for the period 2005 and 2017 

 

Fig. 6. Seasonal long-term AE clusters and outliers for the period 2005 and 2017 
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Fig .7. Scatter plot of observed and estimated values of API by GWR (left side) and OLS (right side) models 
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Fig. 8. Geographical distribution of local R2 in Iraq during different seasons 

3.2. Formatting of Mathematical Components 

By using the equation 

API= AOD+AI- AE (1) 
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Fig.9. The back trajectory for 12 dust extreme events over the Al- Jazira region, the red line represents 

the pathway for air mass before 4 days above 500m, the red line over 1500m and the green line over 

3000m. 
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4. Conclusions 

The high-high clusters of AOD and AI values which refer to high concentration have been found 

in western and southern Iraq however low-low clusters have been found in the winter season over the 

whole of Iraq. According to AE, there are three kinds of aerosol modes: fine, mixture, and coarse. This 

classification shows the maximum area under fine aerosols mode has occurred in the winter with 13.6% 

whereas the spring season did not show any area with fine aerosols mode. Moreover, the coarse mode 

covers the maximum area during the summer season with 97.7% and the minimum area during the 

winter season with 77. 2%. To show the relation between aerosol properties and topography, Aerosol 

Properties Index (API) is used which shows the degree of aerosol coarseness in each pixel. Using 

Geographically Weighted Regression GWR and Ordinary Least Squares OLS, the API geographical 

distribution is strongly influenced by topographic conditions. Where the maximum coefficient of 

determination has been observed in the spring (R2=0.91) from the GWR model, while OLS shows a 

lower coefficient of determination (R2=0.33), GWR in comparison to OLS shows a better coefficient of 

determination in all seasons. The back trajectory for dust extreme events shows that some sources of air 

masses and their movement to the study area through two pressure levels (1000 mb, 850 mb) and the 

geographical desert in the study area are the main cause of dust storms in the study area. 

Acknowledgements 

The authors would like to express their thankful and gratitude to MODIS (Aqua) and OMI as part 

of NASA team for providing the satellite data via interactive online visualization and analysis 

infrastructure (Giovanni). The authors are very grateful to the Reviewers, Editor in Chief Prof. Dr. Salih 

M. Awadh, the Secretary of Journal Mr. Sameer R. Ahmed, and the Technical Editors for their great 

efforts and valuable comments. 

References 

Adesina, A.J., Piketh, S., Kanike, R.K. and Venkataraman, S., 2017. Characteristics of columnar aerosol optical 

and microphysical properties retrieved from the sun photometer and its impact on radiative forcing over 

Skukuza (South Africa) during 1999–2010. Environmental Science and Pollution Research, 24(19), 16160-

16171. 

Al-Salihi, A.M., 2017. Impact of precipitation on aerosols index over selected stations in Iraq using remote sensing 

technique. Modeling Earth Systems and Environment, 3(3), 861-871. 

Al-Salihi, A.M., 2018. Characterization of aerosol type based on aerosol optical properties over Baghdad, Iraq. 

Arabian Journal of Geosciences, 11(20), 1-15. 

AL-Salihi, A.M., 2018. Impact of aerosols optical depth on angstrom exponent and microphysical properties of 

clouds over Iraq. Journal of Engineering and Applied Sciences, 13(5),1887-1899. 

Alqurnawy, L.S., Almallah, I.A. and Alrubaye, A., 2022. Groundwater Vulnerability Analysis via GALDIT-GIS 

Method to Seawater Intrusion, South of Iraq. The Iraqi Geological Journal, 146-161. 

Awadh, S.M. and Ahmad, L.M., 2012. Climatic prediction of the terrestrial and coastal areas of Iraq. Arabian 

Journal of Geosciences, 5(3), 465-469. 

Awadh, S.M., 2012. Geochemistry and mineralogical composition of the airborne particles of sand dunes and dust 

storms settled in Iraq and their environmental impacts. Environmental Earth Sciences, 66(8), 2247-2256. 

Boiyo, R., Kumar, K.R., Zhao, T. and Bao, Y., 2017. Climatological analysis of aerosol optical properties over 

East Africa observed from space-borne sensors during 2001–2015. Atmospheric environment, 152, 298-

313. 

Cheng, T., Xu, C., Duan, J., Wang, Y., Leng, C., Tao, J., Che, H., He, Q., Wu, Y., Zhang, R. and Li, X., 2015. 

Seasonal variation and difference of aerosol optical properties in columnar and surface atmospheres over 

Shanghai. Atmospheric Environment, 123, 315-326. 

De Leeuw, G., Sogacheva, L., Rodriguez, E., Kourtidis, K., Georgoulias, A.K., Alexandri, G., Amiridis, V., 

Proestakis, E., Marinou, E., Xue, Y. and van der A, R., 2018. Two decades of satellite observations of AOD 



Iraqi Geological Journal                       Mohammed et al. 2022, 55 (2D), 181-194 

 

 

 

193 

over mainland China using ATSR-2, AATSR and MODIS/Terra: data set evaluation and large-scale 

patterns. Atmospheric Chemistry and Physics, 18(3), 1573-1592. 

Du, Y., Xu, X., Chu, M., Guo, Y. and Wang, J., 2016. Air particulate matter and cardiovascular disease: the 

epidemiological, biomedical and clinical evidence. Journal of thoracic disease, 8(1), E8. 

Filonchyk, M., Yan, H. and Zhang, Z., 2019. Analysis of spatial and temporal variability of aerosol optical depth 

over China using MODIS combined Dark Target and Deep Blue product. Theoretical and Applied 

Climatology, 137(3), 2271-2288. 

Gharibvand L, Beeson WL, Shavlik D, Knutsen R, Ghamsary M, Soret S, Knutsen SF, 2017 The association 

between ambient fine particulate matter and incident adenocarcinoma subtype of lung cancer. 

Environmental Health, 16, 71. 

He, Q., Zhang, M. and Huang, B., 2016. Spatio-temporal variation and impact factors analysis of satellite-based 

aerosol optical depth over China from 2002 to 2015. Atmospheric Environment, 129, 79-90. 

Holben, B.N., Eck, T.F., Slutsker, I.A., Tanre, D., Buis, J.P., Setzer, A., Vermote, E., Reagan, J.A., Kaufman, Y.J., 

Nakajima, T. and Lavenu, F., 1998. AERONET—A federated instrument network and data archive for 

aerosol characterization. Remote sensing of environment, 66(1), 1-16. 

Hu, K., Kumar, K.R., Kang, N., Boiyo, R. and Wu, J., 2018. Spatiotemporal characteristics of aerosols and their 

trends over mainland China with the recent Collection 6 MODIS and OMI satellite datasets. Environmental 

Science and Pollution Research, 25(7), 6909-6927. 

IARC-International Agency for Research on Cancer, 2013 Monographs on the evaluation of carcinogenic risks to 

humans: Outdoor air pollution Lyon, France: International Agency for Research on Cancer, 978, 92-832–

0175-5. 

Ji, Z., Kang, S., Zhang, D., Zhu, C., Wu, J., Xu, Y., 2011. Simulation of the anthropogenic aerosols over South 

Asia and their effects on Indian summer monsoon. Clim. Dyn. 36, 1633–1647. 

Kang, N., Kumar, K.R., Yu, X. and Yin, Y., 2016. Column-integrated aerosol optical properties and direct radiative 

forcing over the urban-industrial megacity Nanjing in the Yangtze River Delta, China. Environmental 

Science and Pollution Research, 23(17), 17532-17552. 

Kumar, K.R., Yin, Y., Sivakumar, V., Kang, N., Yu, X., Diao, Y., Adesina, A.J. and Reddy, R.R., 2015. Aerosol 

climatology and discrimination of aerosol types retrieved from MODIS, MISR and OMI over Durban 

(29.88 S, 31.02 E), South Africa. Atmospheric Environment, 117,.9-18. 

Levy, R.C., Munchak, L.A., Mattoo, S., Patadia, F., Remer, L.A. and Holz, R.E., 2015. Towards a long-term global 

aerosol optical depth record: applying a consistent aerosol retrieval algorithm to MODIS and VIIRS-

observed reflectance. Atmospheric Measurement Techniques, 8(10), 4083-4110. 

Mehta, M., Singh, R., Singh, A. and Singh, N., 2016. Recent global aerosol optical depth variations and trends-A 

comparative study using MODIS and MISR level 3 datasets. Remote sensing of environment, 181, 137-

150. 

Rezaei, M., Farajzadeh, M., Ghavidel, Y. and Alam, K., 2018. Spatio-temporal variability of aerosol characteristics 

in Iran using remotely sensed datasets. Pollution, 4(1), 53-67. 

Srivastava, A.K., Misra, A., Kanawade, V.P. and Devara, P.C.S., 2016. Aerosol characteristics in the UTLS region: 

A satellite-based study over north India. Atmospheric Environment, 125, 222-230. 

Tariq, S. and Ul-Haq, Z., 2018. Ground-based remote sensing of aerosol properties over a coastal megacity of 

Pakistan. Advances in Meteorology. 

WHO-World Health Organization, 2013 Review of evidence on health aspects of air pollution – REVIHAAP 

Project Technical Report World Health Organization European Centre for Environment and Health, WHO 

Regional Office for Europe, Bonn. 

Witthuhn, J., Hünerbein, A. and Deneke, H., 2020. Evaluation of satellite-based aerosol datasets and the CAMS 

reanalysis over the ocean utilizing shipborne reference observations. Atmospheric Measurement 

Techniques, 13(3), 1387-1412. 

Yang, J., Kang, S., Ji, Z., 2017. Sensitivity analysis of chemical mechanisms in the WRFChem model in 

reconstructing aerosol concentrations and optical properties in the Tibetan Plateau. Aerosol Air Qual. 

Resources, 18.  

Yousefi, R., Wang, F., Ge, Q. and Shaheen, A., 2020. Long-term aerosol optical depth trend over Iran and 

identification of dominant aerosol types. Science of the Total Environment, 722, 137906. 



Iraqi Geological Journal                       Mohammed et al. 2022, 55 (2D), 181-194 

 

 

 

194 

Zayakhanov, A.S., Zhamsueva, G.S., Naguslaev, S.A., Tsydypov, V.V., Ayurzhanaev, A.A., Sakerin, S.M., 

Kabanov, D.M., Azzaya, D. and Oyunchimeg, D., 2012. Spatiotemporal characteristics of the atmospheric 

AOD in the Gobi Desert according to data of the ground-based observations. Atmospheric and Oceanic 

Optics, 25(5), 346-354. 

Zhang, J. and Reid, J.S., 2010. A decadal regional and global trend analysis of the aerosol optical depth using a 

data-assimilation grade over-water MODIS and Level 2 MISR aerosol products. Atmospheric Chemistry 

and Physics, 10(22), 10949-10963. 


	2. Materials and Methods
	2.1. Satellites Types
	2.2. HySplit-4 Model and the Back Trajectory
	3. Results and Discussion
	3.1. The Back Trajectory Analysis
	4. Conclusions
	Acknowledgements
	References

