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Abstract 
The present study aimed at investigating the time series changes of aerosols optical depth (AOD) index on a 

monthly basis in Jazmorian Basin in the southeast of Iran using remotely sensed satellite data. To this end, the 

monthly data of aerosol optical depth (AOD) index from MODIS sensor of Terra Satellite were applied for an 

18-year period (2000-2017). After preparing the monthly time series of AOD index, classical linear 

regression was employed for examining the changes’ trend of this index. The study results indicated that 

AOD index changes’ trend has been significant in α=0.05 probability level only for January during which an 

ascending trend has been documented. The changes’ trends were also found significant for February, April 

and May, whose probability level was α=0.1. The changes’ trends of AOD was also found ascending during 

these three months alike January. Disregarding these four months, no significant trends were observed in the 

other studied months in terms of the changes’ trends of aerosol optical depth (AOD) in Jazmorian Basin. 
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1. INTRODUCTION  

As inseparable parts of the earth system, dust cycles cause the generation of about 2000 tons of dust and 

aerosol every year. Out of this amount, 75% settles down on earth surface and the remaining 25% settles 

down on oceans’ surface [1]. The frequency of the dust storms’ occurrence in a region depends on factors 

like the high wind speed, soil with no vegetative cover [2], dry climatic conditions [3], soil moisture, local 

and external weather system, short-term rainfalls, extents of deforestations, long-term droughts, land use 

changes and human activities [4].  

Iran is constantly exposed to numerous local and regional dust systems for its being located on an arid 

and semi-arid belt in the world [5]. Raeispour [6] and Tavousi et al. [7] investigated the dust storms in 

Khuzestan province in synoptic and statistical methods and reported an ascending trend for them. The 

statistical examination of the dust phenomenon by Mehrshahi [8] in Sabzevar County showed that the dust 

phenomenon has had an ascending trend in this country in the northeast of Iran and it has taken place during 

afternoon hours in 71% of the cases. In a study under the title of tracking dust phenomenon in the western 

half of Iran, Azizi [9], analyzed the annual and monthly time series trends of this phenomenon and 

introduced Dezful and Bushehr as the two critical centers of dust in this region. He concluded that the border 

region between Syria and Iraq and between the west and southwest of Iraq were respectively two primary 

centers of dust generation in the studied region. Montazeri [10] investigated the changes’ trend of the days 

with dust in Bushehr’s synoptic station using Mann-Kendall non-parametric test and proved the existence of 

an ascending trend in all of the months except June and even in a yearly scale. Babayi Fini et al. [11] 

investigated the dust occurrence in the west of Iran in spatial and temporal terms and showed in a 95% 

confidence level that there was an ascending trend in some stations (Arak and Khorramabad) and descending 

trend in some other stations (Ghazvin and Khorram Dareh). Yarahmadi [12] proved the precipitation 

reduction as well as increase in temperature, wind speed and dusty days in the western half and southwest of 

Iran in a research entitled the effect of climatic fluctuations on the occurrence of dust phenomena. 
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Jazmorian Basin is situated in the southeast of Iran between Kerman and Sistan and Baluchestan 

Provinces, which has currently become completely dried and transformed into a desert due to the drought and 

not being allocating a water right from the upstream dams [13, 14]. In terms of accuracy in detection and 

temporal and spatial extent, aerosol optical depth (AOD) enables the time- and space-based monitoring in a 

vast extent of land. Various studies have been conducted using this method, including the researches by 

Rashki et al. [15, 16], Namdari et al. [17], Alam et al. [18] and Kaskaoutis et al. [19]. 

Within the format of a comprehensive study, the current research intended to investigate the changes 

trend of aerosol optical depth (AOD) time series based on a monthly scale in Jazmorian Basin in the 

southeast of Iran using the remotely sensed satellite data. According to which, a better knowledge could be 

acquired regarding the environmental changes in this section of Iran. 

 

2. STUDY REGION 

Jazmorian Basin is stretched in a land about 69600 square kilometers in the southeast of Iran between 26º 

28' and 29º 30' of the northern latitude and between 56º 15' and 61º 23' of the eastern longitude. The western 

half of this basin is some 35600 square kilometers in area and it is positioned in Kerman Province and its 

eastern half is 34000 square kilometers in area and is located in Sistan and Baluchestan Province [20]. 

 

 

Figure 1. Geographical position of Jazmorian Basin in Southeast of Iran 

 

The water from all the rivers and dry rivers in this basin pours entirely into Jazmorian wetland (Lake) in 

the center of the basin. Two permanent rivers of Halil River and Bampour perform a large part of the basin’s 

drainage. In addition to these two rivers, there are several floodways, as well, the water of which directly 

flows into Wetland Jazmorian. 

Although Jazmorian Basin is hydrologically considered as a part of Iran’s central watershed area, it 

climatically features exceptional conditions different from Iran’s central regions for its reception of a massive 

deal of its relative humidity from Oman Sea. Due to the same reason, the basin possesses appropriate 

facilities in terms of repair, reconstruction and exploitation of renewable natural resources. It is not at all 
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comparable with the other basins in central Iran due to its limited reception of atmospheric precipitations and 

intolerable heat and very high annual evaporation (over 4500mm in some regions). 

Based on the latest census estimations in 2006, Jazmorian Basin accommodates a population of 933514 

people out of whom 38.4%, 358528 individuals live in urban regions and 61.6%, 574986 individuals live in 

rural districts [20]. 

 

3. DATA AND METHODOLOGY 

Due to having access to the entire spots in a region, the dust data obtained from satellite images are 

important scales for investigating the spatial and temporal distribution of the dust [21]. For the same reason, 

monthly aerosol optical depth (AOD) data from MODIS sensor of Terra Satellite was used for the region 

between 28º and 30º of the northern latitude and between 56º and 62º of the eastern longitude for an 18-year 

period (2000-2017). These data are downloadable from Google Earth Engine database at 

https://earthengine.google.com.  This index is one of the most important parameters for studying the dust 

phenomena. In fact, aerosol optical depth (AOD) refers to the distribution of aerosols existent in atmosphere. 

This quantity depends on wavelength and is defined in the form of light reduction per every unit length on a 

given path. The optical depth amount can differ with the density of the aerosols and the properties of the 

particles. The optical depth changes range from 0.1 to 0.2 for clear continental air and from 0.1 to 0.5 for 

clear oceanic air. The AOD values above the aforesaid amounts are reflective of the density of suspended 

particles along the vertical air columns [21]. 

After preparing the monthly time series of aerosol optical depth (AOD) in separate for all the twelve 

studied months of the studied region, classical linear regression [22] was utilized for investigating the 

changes trend of aerosol optical depth (AOD).  

The general form of the classical linear regression equation is the relation (1) in which y is the output 

variable, x1, x2, … . , xn  are the input variables, and a0, a1, … . . , an  are the coefficients of the equation. 

 

𝑦 = 𝑎0 + 𝑎1𝑥1 + … . +𝑎𝑛𝑥𝑛  (1) 

Relationship (2) is a univariate mode of classical linear regression that is used in this study. 

 

𝑦 = 𝑎0 + 𝑎1𝑥 (2) 

Suppose a set of pairs of observational variables is available in the form of 

 x1 , y1  ,  x2 , y2  , … . ,  xn  , yn . Generally, by minimizing the sum of squares errors between observational 

and computational data which relation is in the form of    yi −  a0 + axx1  
n
i=1 , the equation coefficients 

(i.e., a0 and a1 ) are calculated as follows. 
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3. RESULTS 

The monthly mean aerosol optical depth (AOD) was calculated based on the data of MODIS sensor of 

Terra Satellite for an 18-year period from 2000 to 2017 for Jazmorian Basin (figure 2). The results indicated 

in seasonal scale that the lowest and the highest AOD values have been documented for winter and summer, 

respectively. In monthly scale, as well, the lowest and the highest AOD values belonged to December and 

July with values respectively equal to 0.33 and 0.6 (figure 2). Thus, summer and July were the dustiest 

season and month in comparison to the other seasons and months. Normally, the reasons for the high rate of 

AOD during the hot half of the year could be attributed to the dry nature of climate, high temperature and 

severe precipitation shortage.   
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Figure 2. The diagram of the monthly mean changes of aerosol optical depth (AOD) in Jazmorian Basin (2000-

2017) 
 

Figure (3) displays the year-to-year time series data of AOD changes for the entire study period. As it is 

observed in this diagram, the values of this index highly differed from a month to another in such a way that 

the highest and the lowest amounts of this index had been recorded for March, 2012, and January, 2002, with 

values respectively equal to 0.792 and 0.16. Furthermore, a very mild ascending trend could also be visually 

sensed in the time series data obtained for this index. 

 

 

Figure 3.  Monthly time series of aerosol optical depth (AOD) for Jazmorian Basin (2000-2017) 

 

To perform a more precise investigation of the long-term changes’ trends of aerosol optical depth (AOD) 

in Jazmorian Basin, time series data were prepared in separate and the corresponding changes’ trends were 

examined using classical linear regression. The regression equations of each month and their significance 

levels have been summarized in table (1). As it can be seen in the table, the aerosol optical depth (AOD) 

changes’ trend has only been significant in the probability level of α=0.05 in January, whose progress was 

ascending. In addition, the AOD changes’ trends were also found significant for February, April and May, 

whose probability level was α=0.1. The AOD changes of these three months are also reflective of ascending 
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trends. Disregarding these four months, no significant trends were evidenced for Jazmorian Basin in terms of 

AOD in the other studied months. 

 
Table 1. Equations of change trends of aerosol optical depth (AOD) index  along with their significant level 

Significant level Regression equation Month 
0.05 𝐴𝑂𝐷 = −12.4 + 0.00635 𝑦𝑒𝑎𝑟 January 

0.06 𝐴𝑂𝐷 = −21.5 + 0.0109 𝑦𝑒𝑎𝑟 February 

0.79 𝐴𝑂𝐷 = 3.4 − 0.00145 𝑦𝑒𝑎𝑟 March 

0.06 𝐴𝑂𝐷 = −14 + 0.00721 𝑦𝑒𝑎𝑟 April 

0.09 𝐴𝑂𝐷 = −10.3 + 0.00539 𝑦𝑒𝑎𝑟 May 

0.47 𝐴𝑂𝐷 = 5.15 − 0.00229 𝑦𝑒𝑎𝑟 June 

0.72 𝐴𝑂𝐷 = 3.39 − 0.00139 𝑦𝑒𝑎𝑟 July 

0.99 𝐴𝑂𝐷 = 0.7 − 0.00009 𝑦𝑒𝑎𝑟 August  

0.93 𝐴𝑂𝐷 = −0.43 + 0.00045 𝑦𝑒𝑎𝑟 September 

0.66 𝐴𝑂𝐷 = −2.90 + 0.00163 𝑦𝑒𝑎𝑟 October 

0.60 𝐴𝑂𝐷 = 6.1 − 0.00284 𝑦𝑒𝑎𝑟 November 

0.93 𝐴𝑂𝐷 = 1.16 − 0.00043 𝑦𝑒𝑎𝑟 December 

After determining the ascending or descending trends of the monthly time series data of AOD index for 

all the twelve studied months, it was made clear that the steepest slopes of changes with values equal to 

0.0109, 0.00721 and 0.00635, respectively, belonged to February, April and January (table 1 and figure 4). 

The reason for this ascending trend, as documented in the results of the studies by Arjmand et al. [21], can be 

the drying of Jazmorian Lake as a result of the construction of numerous dams, including Jiroft Dam on Halil 

River and Bampour on Bampour River. August, December and September were also the three months during 

which the changes’ gradient was very trivial. Figure (4) vividly illustrates the diagrams related to these three 

months. 
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Figure 4. The slopes of aerosol optical depth (AOD) changes’ trends in separate for all twelve months of the year 

(2000-2017) 
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4. Conclusions 

In the present study, the time series changes’ trend of aerosol optical depth (AOD) was investigated in a 

monthly scale for Jazmorian Basin in the southeast of Iran using the remotely sensed satellite data. The study 

results indicated that on a monthly basis, the AOD values have been ascending and significant only for 

January in the probability level of α=0.05. Additionally, the AOD values were also found ascending for 

February, April and May, but in a probability level of α=0.1. Putting these four months aside, no significant 

trend was found for the other studied months in terms of aerosol optical depth (AOD). 

The changes’ trend of AOD values for cold months of the year can be a sign of severe environmental 

changes in Jazmorian Basin. Desertification and land degradation as a result of long-lasting droughts, drying 

of Jazmorian lagoon, improper water resources management and construction of numerous dams without 

paying attention to the ecological needs of the basin and climate change can be the possible reasons for this 

ascending trend of AOD during the cold seasons of the year. Thus, it is necessary to exactly and 

comprehensively study land degradation and desertification in this basin in line with its recreation and 

renovation.  
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