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Abstract 
Urmia Lake is one of the largest saline lakes in the world, which has greatly decreased in recent 

years. It has created many dangers and concerns especially concerning salt dust in its arid areas. 

Therefore, this research aimed to investigate the relationship between vegetation and dust in the 

cities around Lake Urmia. For this purpose, first, using MODIS images and NDVI index, changes 

in the vegetation of the region in 2010 to 2020 were determined, and then, using the MERRA-2 

database, the dust concentration was extracted for the mentioned years. The results showed that 

the mean NDVI in the study area follows a steady trend with a total mean of 0.2957 and sometimes 

increases or decreases due to the influence of external factors such as dust. Accordingly, the 

highest rate (0.3495) of the average NDVI is related to 2018 and the lowest rate (0.2579) is related 

to 2013. Furthermore, to investigate the relationship between vegetation and dust, two methods of 

linear and logarithmic regression were used. Based on linear regression (0.7703) and logarithmic 

(0.7153), the findings showed that the highest determination coefficient between the two 

indicators was in May.  
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1. Introduction  
Mismanagement of groundwater resources, overdevelopment of commercial land, and 

construction of dams in arid and semi-arid regions have led to enhancement of land erosion and 

exposed lakebeds due to extensive drying. As a result, areas around the surface water have dried 

up and wetlands experience more sandstorms and dust storms in areas such as the Aral Sea in 

Central Asia [1 - 4], Owens Lake, Albert and Yellow in North America [5 - 7], Kati Thanda-Lake 

Eyre in Australia [8] and Hamun Lake in Iran [9 - 11]. Another lake in which the vegetation of the 

surrounding basins has recently changed and the amount of salt storms has increased is Lake 
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Urmia, which is the second salt lake in the world and its water level has decreased from 1276 

meters in 1999 to 1270 meters in 2019 [12]. So far, a lot of research has been done on dust and 

salt storms in Iran and the world, some of which are mentioned below. 

Yan et al., 2011 in North China evaluated the effect of vegetation on dust accumulation in a 

semi-arid steppe. The results showed that areas with more vegetation could obtain more nutrients 

by trapping dust in the air in semi-arid steppes [13]. Fan et al., 2014 evaluated the relationship 

between vegetation and dust storms in early vegetation emergence using MODIS sensor images 

and NDVI index. The results showed that there was a moderate correlation (0.55) between dust 

storms and vegetation in the spring in Mongolia [14]. Tan., 2016 in China examined the 

relationship between vegetation and dust intensity. The results of multiple regression analysis 

showed that the relationship between vegetation and dust intensity variance below the wet 

temperate zone to the dry temperate zone is weaker due to the decrease in the mean NDVI at four 

study points [15]. Sofue et al., 2018 used AVHRR sensor images to monitor vegetation 

performance against rainfall and dust storm prevalence in the Gobi Desert. In this study, 

correlation analysis between precipitation and NDVI anomalies was performed and the results of 

data analysis showed that the changes of NDVI anomalies in the eastern part of the Gobi Desert 

are consistent with precipitation anomalies in this period. However, in the southwestern region of 

the Gobi Desert, NDVI has declined, especially since 2010, regardless of rainfall. This result 

shows that the vegetation in this area is more degraded than in other areas [16]. Khosfi et al., 2019 

in the arid regions of Central Iran investigated the relationship between dust storm index, climatic 

parameters, and NDVI index using the logistic regression method. The results showed that most 

wind erosion and dust storms occurred in spring [17]. Khosfi et al., 2020 investigated the spatial 

and seasonal changes of sandstorm events and their relationship with weather conditions and 

vegetation in the semi-arid regions of central Iran. In this study, they used Modis images and 

highlighted vegetation index (EVI) to investigate the relationship between vegetation and 

sandstorms, which showed that except in spring, there is a strong negative relationship between 

vegetation and dust (correlation -70). In other seasons, there is a strong positive relationship 

between vegetation and dust [18]. Bahrami et al.,  2013 in Khuzestan modeled the temporal-spatial 

occurrence of dust storms. In this study, they calculated the NDVI index between 2000 and 2008 

using MODIS images and concluded that the destruction of vegetation has effectively affected the 

frequency of dust storms of domestic origin in Khuzestan province, and saline and alkaline soils 

are more susceptible to the release of dust particles into the atmosphere than other soils [19]. Poor 

Hashemi et al., 2015 in Khorasan Razavi province evaluated the relationship between vegetation 

and the number of dust storms using geographic information systems and remote sensing. The 

results showed that there is a close relationship between vegetation changes and the number of 

dust occurrences in Khorasan Razavi province and with the increase and decrease of vegetation, 

the number of dust occurrences decreases too. The results also showed that the amount of dust has 

increased compared to the past and among the years studied, 2008 had the highest and 2005 had 

the lowest incidence of dust [20]. Sohrabi et al., 2015 in Isfahan province evaluated the effects of 

vegetation on the occurrence of dust in ecosystems of arid regions. The results of regression 

analysis showed that the number of occurrences of dust is closely related to the distribution of 

vegetation and with the decrease of vegetation the number of dust increases [21]. Ghadimi et al., 

2017 in Ahvaz evaluated the effects of dust on the spectral behavior of plants using remote sensing 

data. In this study, non-parametric spectral analysis methods such as periodogram, Welch, and 

multiplier were used to evaluate the effect of dust [22]. Therefore, according to the research 

background and the issues raised in this study, we intend to evaluate the impact of salt storms and 

vegetation on each other in Lake Urmia using MODIS images and the NDVI index. 
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2. The Study Area 
The study area includes the catchment basin of Lake Urmia in the northwest of Iran, which is 

located at 36 11' to 39 26' north latitude and 44 10' to 48 21' minutes east longitude of the prime 

meridian. This region is limited to Azerbaijan and Armenia from the north, Ardabil province from 

the east, Zanjan and Kurdistan provinces from the south, and Turkey from the east. 

 
Figure 1. The study area 

 

3. Materials and Methods 
In the present study, Modis satellite images (HYPERLINK ) of TERRA sensor in 11 years 

from 2010 to 2020 were used to calculate the NDVI. PMER.5 data of MERRA-2 database in the 

period 2010 to 2020 were used to check the dust concentration. To do this, PM2.5 data for each 

year were first obtained from the database five months before the NDVI calculation, which was 

reviewed for a total of 55 months and then analyzed using ArcGIS software. Then, using linear 

and logarithmic regressions, the determination coefficient between the vegetation and the months 

before the vegetation study was calculated. 

 

3.1. NDVI index 
Tucker as an indicator for assessing vegetation health first introduced the Normalized 

Difference Vegetation Index (NDVI) in 1979. This indicator is the most common indicator for 

vegetation surveillance, which normally reflects infrared band waves well. The range of variation 

of each pixel varies between +1 and -1. Typically, its value is 0.1 for areas with sparse vegetation 

and 0.8 for areas with dense vegetation . In general, this index reflects vegetation potential [23], 

percentage of green vegetation, percentage of leafy areas, and vegetation densities [24] and is 

expressed as Equation 1. 

file:///C:/Users/Mobtakeran/Desktop/HYPERLINK%20%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22MOD13Q1%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22%20HYPERLINK%20%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22MOD13Q1%22MOD%20HYPERLINK%20%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22MOD13Q1%2213%20HYPERLINK%20%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22MOD13Q1%22Q%20HYPERLINK%20%22HYPERLINK%20%22http:/doi.org/10.5067/MODIS/mod13q1.006%22MOD13Q1%221
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NDVI =
RNIR  −  Rred

RNIR +  Rred
 (1) 

 

Where the infrared spectral reflection is near and the spectral reflection is red.  

 

3.2. MERRA Database 
NASA's Center for Modern Analysis for Research and Applications is a set of atmospheric 

reanalysis data [25] created by NASA's Global Modeling and Assimilation Office (GMAO). This 

re-analysis database uses version 5 Goddard Earth Observation System (GEOS-5) which is a 

public atmospheric circulation model and the Data Assimilation System (DAS) [26]. It stimulates 

and optimizes observations and, by combining the model data used and irregular spatial and 

temporal observations, generates a network of data with appropriate accuracy and establishes a 

system for analyzing historical data. The second version of this model and data set was released 

in 2014. This version uses new short-wavelength and infrared information and has advantages 

over the previous version, which include numerous improvements and updates to data simulation, 

making aerosol, sulfate, and dust observations available [3,5,27 – 29, 33]. In the present study, 

PM2.5 data were re-analyzed for 5 months before the date of the NDVI index survey (June 3, 

2010, to 2020) of the MERRA 2 database with an accuracy of 0.56 * 0.525 in the cities around 

Lake Urmia in the form of NC. Finally, the determination coefficient was used to investigate the 

relationship between dust and vegetation, which is expressed as Equation 2. 

 

𝑅2 =
[∑ (𝑥𝑖 − �̅�)(𝑌𝑖 − �̅�)𝑛

𝑖−1 ]2

∑ (𝑥𝑖 − �̅�)2 ∑ (𝑌𝑖 − �̅�)2𝑛
𝑖−1

𝑛
𝑖−1

 (2) 

 

Where the data are real and simulated by the model, respectively. And the total average is the 

data of the statistical population and the evaluated numbers of samples [30]. 

 

4. Results and Discussion 
Finally, to understand the distribution of vegetation in the study area, the NDVI vegetation map 

for 2010 to 2020 was drawn (Figure 2). As it can be seen in the above images, vegetation 

distributions do not follow a trend distribution and, depending on other environmental factors, 

have undergone changes in their distribution levels in the years under study. To better understand 

the minimum, maximum and average values of NDVI were extracted for the studied years (Table 

1). Accordingly, the year 2013 with 0.2579 has the lowest, and 2018 with an average of 0.3495 

has the highest average vegetation in the study area. Furthermore, in studying the range of NDVI 

changes (difference between the minimum and maximum values), it was found that 2019 is the 

year with the lowest range of changes (between -0.224 to 0.2262) and 2012 has the lowest rate of 

change (between -0.0906 and 0.8986) (Table 1). 
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Figure 2. Vegetation Distribution in the Study Area based on the NDVI Index in 2010 to 2020 

 
Table 1. Minimum, Maximum, and Average Values of NDVI in 2010 to 2020 

Date Minimum Maximum Average 

03/06/2010 -0.2304 0.9106 0.3138 

03/06/2011 -0.2254 0.9064 0.3126 

03/06/2012 -0.0906 0.8986 0.2718 

03/06/2013 -0.2188 0.8999 0.2579 

03/06/2014 -0.1748 0.8617 0.2783 

03/06/2015 -0.1805 0.8949 0.2827 

03/06/2016 -0.2248 0.9168 0.2934 

03/06/2017 -0.1369 0.8996 0.2677 

03/06/2018 -0.2180 0.9020 0.3495 

03/06/2019 -0.2411 0.9226 0.3190 

03/06/2020 -0.2252 0.8937 0.3056 

 

Then, to evaluate the effect or relationship of dust with the vegetation area of the region, dust 

concentration values were extracted through MERRA 2 sensor for 5 months before NDVI analysis. 

Accordingly, as we move from winter (average dust concentration in January is 16.3628 kg / m3) 

to spring (average dust concentration in May is 27.0414 kg / m3), the amount of dust concentration 

has increased, which is true in most the years under study (Table 2). Concerning the increase in 
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humidity in winter and its decrease in spring and the increase in the effectiveness of other 

parameters such as wind, etc., it seems normal. The results of this part are highly consistent with 

the results of Dadashi et al., (2020) in which the seasonal distribution of dust particles in Iran was 

studied using the data of the MERRA 2 database [31]. The surveys also showed that the lowest 

dust concentration is related to 2018 in January, i.e., 5 months before the vegetation survey, and 

the highest amount of dust is related to 2013 and May, which is one month before the vegetation 

survey of the region. As can be seen in Table 2, based on the results of 2013, the increase in dust 

concentration is exactly in line with the decrease in vegetation (Table 1) and the decrease in dust 

concentration in 2018 is exactly in line with the increase in vegetation. 

 
Table 2. Total Dust Concentration (𝑲𝒈/𝒎𝟑) 

Date 

1 Month 

before 

(May) 

2 Month 

before 

(April) 

3 Month 

before 

(March) 

4 Month 

before 

(February) 

5 Month 

before 

(January) 

03/06/2010 26.4137 26.8290 18.9050 16.9643 15.7755 

03/06/2011 26.2342 26.6174 18.4087 16.4874 15.5449 

03/06/2012 27.2250 27.4741 19.3920 17.3064 16.4253 

03/06/2013 29.1273 26.4198 23.6135 20.5083 19.2363 

03/06/2014 27.3597 26.5377 18.5209 17.1905 16.4803 

03/06/2015 27.1133 27.2842 19.0483 17.1413 16.2706 

03/06/2016 26.3868 26.9387 18.7081 16.9618 15.8068 

03/06/2017 28.5998 25.9531 22.5538 20.1614 19.0075 

03/06/2018 25.5868 22.4482 16.6006 14.6790 14.4496 

03/06/2019 26.2356 26.5414 18.5790 16.3734 15.3268 

03/06/2020 27.1735 26.9965 18.7917 17.7640 15.6668 

 

Table 3 shows the determination coefficients of linear and logarithmic regression for one, two, 

three, four, and five months ago. Accordingly, most of the correlations based on logarithmic 

regression between NDVI values and the amount of dust in one month before (May) of the NDVI 

index was 0.715 and the lowest correlation in two months ago (April) was  0.3132. These 

conditions were similar for linear regression and in the previous month (May) the correlation was 

0.7703 and two months ago (April) the correlation was 0.3534 which includes the highest and 

lowest correlations between NDVI index and dust concentration is based on linear regression. 

 
Table 3. Determination Coefficient of NDVI Average with Dust Level 

Correlation with Logarithmic equation 𝑟2 Liner equation 𝑟2 

1 month before 

 (May) 
y = -10.34ln(x) + 14.399 0.7915 y = -34.086x + 37.119 0.7703 

2 month before 

(April) 
y = -8.406ln(x) + 16.093 0.3132 y = -29.828x + 35.186 0.3534 

3 month before 

(March) 
y = -17.54ln(x) - 2.0676 0.6496 y = -57.683x + 36.429 0.6293 

4 month before 

(February) 
y = -15.25ln(x) - 1.2258 0.7066 y = -50.552x + 32.359 0.6959 

5 month before 

(January) 
y = -14.05ln(x) - 0.8079 0.7479 y = -46.175x + 30.015 0.7241 
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In the following, the correlation between NDVI average and dust concentration in Figures 3 

and 4 is also presented schematically based on logarithmic and linear regressions, which except 

for April, the distribution of data has a positive and significant trend and its determination 

coefficients are mostly above 0.6, which is almost an acceptable correlation. 

 

 
Figure 3. Average Changes of NDVI Index and Dust Concentration based on Logarithmic 

Regression 
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Figure 4. Average Changes of NDVI Index and Dust Concentration based on Linear Regression 

 

5. Conclusion  
The results of the NDVI index showed that the highest average of NDVI in 2018 with a 

numerical value of 0.3495 and the lowest NDVI in 2013 with a numerical value of 0.2579, which 

is a difference of approximately 9% between different years, indicating that the other factors are 

involved in the distribution of vegetation. However, as mentioned, the NDVI index follows a 

steady trend in the study area, the average of which for the whole years is 0.2957, which is 

consistent with the results of Nabipour et al., 2016. In a study, they evaluated the changes in 

vegetation and groundwater pollution in the cities around Lake Urmia and expressed the average 

NDVI index of 0.3045 between 1994 and 2016 [32]. Moreover, the average minimum and 

maximum of NDVI in the region are -0.1956 and 0.9006, respectively, which indicates the range 

of differences between vegetated areas and areas without vegetation. In addition, dust 

concentration values were extracted through the MERRA-2 sensor 5 months ago (January, 

February, March, April, and May) to investigate the relationship between dust and vegetation area. 

Accordingly, the average concentration of dust in winter (January, February, and March) is 

17.7166 kg / m3 and in spring (April and May) is 26.7043 kg / m3. In other words, as we move 

from winter to spring, the concentration of dust has increased, which is true for most of the years 

under study. The results of this part of the study are consistent with the results of Raeespour and 

Khosravi., 2019 who studied and analyzed the long-term optical depth of aerosol (AOD) behavior 

in Sistan plain using the MERRA-2 model [33]. Because based on the results, the highest amount 

of dust occurs in spring and the least amount of dust occurs in winter. Finally, logarithmic and 

linear regression methods and coefficient of determination were used to investigate the 

relationship between vegetation distribution and dust concentration. Therefore, according to the 

logarithmic regression method, the highest correlation between vegetation index and dust 

concentration is related to May with a numerical value of 0.715 and the lowest correlation is related 

to April with a numerical value of 0.3132. Furthermore, in the linear regression study, it was found 

that the highest correlation between vegetation index and dust concentration was related to May 
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with a numerical value of 0.7703 and the lowest correlation was related to April with a numerical 

value of 0.3534. The results of this part are consistent with the research of Bayat et al., 2016 in 

which the determination coefficients of vegetation and dust based on linear regression is 0.82 [34]. 

According to the above, and research results, as well as following the reduction of water and 

vegetation around Lake Urmia and the emergence of bare lands on its shores, and the occurrence 

of dust removal in these areas, there is a great risk to the lake's inhabitants and the entire population 

around to about 10 kilometers because of the dust threat and respiratory problems, as well as the 

threat of salt dust and the destruction of agricultural lands and natural life in general. Therefore, 

officials must make timely decisions to prevent further crises in the region. 
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