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Fig3. The trend of changes in NDVI on Iran in the period 2005 to 2018
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Investigation of the relationship between air pollutant concentrations (NO2 and SO2) with vegetation index
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Abstract

With the advancement of technology and industry, the issue of air pollution is one of the serious problems in the world today that can upset the ecological balance.
Increased air pollutants, both directly (toxicity) and indirectly by soil change can have negative effects on plants. The main human sources of air pollution include:
industry and conventional energy (oil, coal and wood), agriculture, road transport and urbanization. The most important gaseous pollutants are sulfur dioxide (SO2)
and nitrogen dioxide (NO2). Sulfur dioxide (SO2) is the most important and common air pollutant that is produced in large quantities in the combustion of coal and
other fuels for industrial and domestic use and is the main component of acid rain. Sulfide is also produced during ore smelting. The next most important and
effective pollutant is nitrogen dioxide (NO2), which reacts rapidly with other air pollutants, penetrates the lungs, and impairs lung function. The purpose of this
study is to investigate the vertical column concentrations of nitrogen dioxide and sulfur dioxide pollutants and to analyze the trend of these pollutants in the period
2005 to 2018 and also the impact of these pollutants on vegetation index in the study area. Due to the fact that pollutants move to high altitudes along with
atmospheric currents, and due to the lack of a device that can measure the concentration of pollutants from the ground to reduce the amount of error, we used satellite
data and to calculate the concentration of pollutants more accurately. Vertical Column Density NO2 and Vertical Column Density to the Boundary Layer were used
for SO2 pollution by Ozone Monitoring Index. The sensor, mounted on the AURA orbiting satellite, measures the sun's scattered radiation in the spectral range
(270-500) nanometers, which has a spectral resolution of 0.5 nanometers. These data are in fact an estimate of the number of NO2 molecules in a cross-sectional
area of the atmosphere from the ground to the Wordspehr peak, which is 200 hPa, prepared in terms of 2 molecules / cm (((http://www.temis.nl/airpollution
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/mno2.html). In this study, monthly satellite data with spatial breakdown. 0.125 * 0.125 degrees was used for NO_2 and 0.25 degrees for SO_2 in the 14-year period
from 2005 to 2018. In order to study the vegetation in this research, the images of the monthly production of the NDVI vegetation index of Terra satellite, MOD13A2
sensor in the considered time period and with a spatial resolution of 0.125 degrees have been used. Using Mann - Kendall Z statistical methods and age estimation
slope, the correlation of vertical column concentration of these pollutants and vegetation index (Normalized Difference Vegetation Index) in a 14-year period (2005-
2008) on Iran has been studied. The results show that during these 14 years, the concentration of these pollutants in metropolitan areas as well as industrial cities
has increased significantly, while in some of these areas there has been a decreasing trend. The metropolis of Tehran has had the highest upward slope during these
14 years, so that every year we see a lot of pollution in the city of Tehran. The trend of changes in SO2 concentration with a positive slope of 0.0013 and an
explanation coefficient of 0.5 and also the trend of changes in NO2 concentration with a positive slope of 0.0013 and an explanation coefficient of 0.74 is increasing.
Also, the trend of average changes in NDVI index with a positive slope of 0.0006 with an explanation coefficient of 0.26 has been increasing. Explanation coefficient
above 0.5 shows positive and increasing trend and explanation coefficient below 0.5 shows negative and decreasing trend. Mann-Kendall Z test for SO2 shows that
in metropolises and cities where there are refineries, oil furnaces and power plants, the trend is increasing. There is a significance for this pollutant, which has an
area of about 144531 square kilometers. For sulfur dioxide pollutant, 58.36% shows a positive correlation with vegetation index and 41.64% shows a negative
correlation. This means that pollutants alone can not increase or decrease vegetation in the area, but can have a small effect on vegetation change. In the desert
regions of the center and east of the country, there is a positive correlation between vegetation index and nitrogen dioxide pollutants. Also, in the coastal areas of
the Persian Gulf, there is a negative correlation between vegetation index and nitrogen dioxide pollutants, so that rainfall in these areas was decreasing, but the
amount of nitrogen dioxide pollutants was increasing. NO2 in metropolitan areas with an area of 968282 square kilometers, equivalent to 59.06% of the total area
of the country due to the high number of factories, transportation, etc. shows a significant increase and only 1.24% of the total area shows a significant decrease for
NO2 . Khokhar et al. by examining the tropospheric changes of NO2 in Pakistan concluded that the natural sources of emissions of this pollutant are related to soil
and climate and man-made sources such as fossil fuels, power plants and means of transport, by examining my test - We see Kendall Z for vegetation index that
approximately 62.85% of the country shows an increase in vegetation, of which about 18.77% was significant and also 37.13% of the region shows a decreasing
trend, of which 11.69%. Has been meaningful. The correlation between vegetation index and SO2 and NO2 pollutants has been shown that 41.67% of the region
has a negative correlation and 58.36% has a positive correlation between NDVI and NO2. Also 38.93% of the country has a negative correlation and 07 61% of the
area also has a positive correlation between NDVI and NO2. As you can see, in the desert areas of the center and east of the country, there is a positive correlation
between vegetation index and NO2 pollutants. In fact, in these areas, due to low industrial activities and low population density, the amount of this pollutant is low
and also due to desert The presence of these areas, low rainfall and consequently the vegetation of the area will be poor and the existing vegetation can be due to
running water and rivers. There is also a negative correlation between vegetation index and NO2 pollution in the coastal areas of the Persian Gulf. According to
Figure 5-a, you can see that the rainfall in these areas has been decreasing, but the amount of NO2 pollution has been increasing.
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