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Abstract

Maharlo Lake consists of the current lake, salt cover, and mud cover. The drying of these parts can directly
affect the amount of dust and vegetation. Therefore, this research investigates the relationship between Aerosol
Optical Depth (AOD) and vegetation in the catchment area of Maharlo Lake. To achieve this, AOD data from
the MERRA-2 database for 2010 to 2023 were obtained, along with images from 5 different Rows and Paths
of Landsat 8 to evaluate vegetation indicators (NDVI, ARVI, CRI2). Geographically weighted regression
(GWR) and Pearson's correlation coefficient (r2, r? Adjusted, and AICc values) were calculated to assess the
correlation between vegetation indices and AOD for the four seasons: winter, spring, summer, and fall. The
results demonstrate a negative correlation between AOD and vegetation indices mentioned in all seasons. The
strongest negative correlation (-0.430) was observed in the summer, while the weakest correlation (-0.134) was
found in the winter. GWR results indicate that the NDVI index has the highest 2 and 2 Adjusted values
(0.819 and 0.627, respectively), while the CRI2 index has the lowest values (0.454 and 0.195, respectively).
The lowest AICc value (272.25) was associated with the NDVI index, indicating a better fit between aerosols
and the investigated vegetation indices. Conversely, the CRI2 index had the highest AICc value (377.75),
suggesting a less appropriate fit.
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Introduction

Aerosols, with a diameter of 0.001 to 100 um, are solid or liquid particles emitted from anthropogenic or
natural sources and suspended in the Earth's atmosphere they affect ecosystems, air quality, atmospheric
chemistry, visibility, and vegetation (Valsaraj et al., 2009; Streets et al., 2009; IPCC, 2013; Han et al., 2013;
Allen, 2015; Del Aguila et al., 2018; Obregon et al., 2018; Yang et al., 2019), and play a key role in the
degradation Health and climate system plays (Butt et al., 2017; Froehlich-Nowoisky et al., 2016; Gutierrez-
Avilaet al., 2018; Pacitto et al., 2018; Tariq et al., 2018). In recent years, the vegetation cover of the country's
watersheds has declined due to the development of commercial lands the construction of dams, and excessive
exploitation of water resources, especially underground water resources, and has caused the surfaces to
protrude and the beds of rivers and lakes to dry up. As a result, the levels and the areas around the watersheds
have provided dry and dusty conditions, which can be seen widely and clearly in Lake Hamon and Lake Urmia
in Iran (Behrooz et al., 2017; Rashki et al., 2012). So far, many studies have been conducted on dust and
vegetation in Iran and the world, some of which are mentioned below. Tariq et al. (2021) in Pakistan
investigated the relationship between airborne particles and increased vegetation index and meteorological
parameters. The results showed that the coefficients of determination (r?) between Agua-AOD and
AERONET-AOD in Lahore were 0.67 and 0.76 in Karachi. The values obtained from Aqua-AOD were also
validated using AOD data from Terra, MISR, and SeaWiFS. The results also showed high AOD and low AE
in south and southwest Pakistan, indicating the presence of airborne particles. In northeast Pakistan, EVI
negatively correlates with AOD. Zhang et al. (2023) used satellite images to assess the impact of aerosol
changes on vegetation. The results indicated a direct relationship between vegetation cover and changes in
aerosol levels, and the results also showed that the EVI and NIRv vegetation indices have a high ability to
monitor and supervise aerosol changes directly. Pippal et al. (2024) studied the spatio-temporal changes in the
optical properties of aerosols in northwest India by integrating satellite and modeled data. The results showed
that the decadal averages of aerosol values in the post-monsoon period based on images from the Aqua satellite
increased by 0.35 and 0.34, and aerosol values based on the Angstrom Power Index (AE) increased by 1.20 on
the Aqua satellite and 1.10 on the Terra satellite. Therefore, considering the research background and the issues
raised, the main goal of the present study is to evaluate the effect of aerosol optical depth (AOD) on vegetation
health in the Maharloo Lake watershed in Fars Province, using dust data (AOD) obtained from the MERRA-
2 database.

Methodology

The study aimed to analyze the changes and trends in Aerosol Optical Depth (AOD) and its relationship with
vegetation health over from 2010 to 2023. The AOD data was obtained from the NASA Modern Evaluation
Center for Research and Applications (MERRA) version 2 (MERRA-2) database. To evaluate vegetation
indices (NDVI, ARVI, CRI2), Landsat 8 images were used. To cover the entire surface of the study area with
Landsat 8 images, 5 images were used, and a Mosaic of the images was created in ArcGIS software to perform
calculations and analyze the indices. The values of the coefficient of explanation (2), r? Adjusted, and AICc
were then calculated using geographically weighted regression (GWR) and Pearson's correlation coefficient
for the four seasons of winter, spring, summer, and autumn between the mentioned vegetation indicators and
AOD.

The MERRA database

The MERRA database is a NASA Center for Modern Research and Applications (CREA) atmospheric
reanalysis dataset (Rienecker, 2011) developed by NASA's Global Modeling and Assimilation Office
(GMAOQ). The reanalysis dataset uses the Goddard Earth Observation System (GEOS-5) version 5, a general
circulation model of the atmosphere, and the Data Assimilation System (DAS) (Molod et al., 2015), which
simulates and optimizes observations, combines model data with spatially and temporally irregular
observations and produces gridded datasets with appropriate accuracy and establishes a historical data analysis
system. The second version of the model and dataset was released in 2014. This version uses new shortwave
and infrared data and has advantages over the previous version, including numerous improvements and updates
in data simulation, making aerosol, sulfate, and dust observations available (Real-Rangel et al., 2017). In the
present study, the analyzed aerosol optical depth (AOD) in the statistical period from 2010 to 2023 from the
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MERRA-2 database, with an accuracy of 0.625 x 0.5 degrees, within the Maharloo Lake basin in the NC format
was used.

Results and Discussion

Throughout all seasons studied, there is a negative correlation between AOD (5% confidence level) and three
vegetation indices: CRI2, NDVI, and ARVI. This means that when vegetation decreases, the amount of dust
increases, and when vegetation increases, the amount of dust decreases. Only in the winter season is there a
weak correlation of 0.022 with the ARVI index, which can be ignored due to its low value. The strongest
negative correlation is found in the summer season, with an average of -0.430, and the lowest correlation is
observed in the winter season, with an average of -0.134, indicating low dust activity during this period.
Geographically weighted regression (GWR) was used to investigate the correlation between AOD and the
vegetation indices. The NDVI index had the highest 2 value of 0.819, while the CRI2 index had the lowest
r2 value of 0.454. The adjusted coefficient of determination, which shows the real effect of independent
variables on the dependent model, revealed the strongest correlation between AOD and the NDVI index, with
a numerical value of 0.627, and the weakest correlation with the CRI2 index, with a numerical value of 0.195.
Finally, AlCc was examined, and the results indicated that the NDVI index had the most appropriate fit with
an AICc value of 272.25, while the CRI2 index had the least appropriate fit with an AlICc value of 377.75.
This investigation sheds light on the relationship between aerosols and vegetation indices.

Conclusion

Based on the obtained results, except for the ARVI index in the winter season with a correlation of 0.022, there
IS a negative correlation between AOD and vegetation indices CRI12, NDVI, and ARVI in all the studied
seasons, which indicates the direct impact of dust on the health and greenness and distribution of vegetation.
And conversely. The highest negative correlation among all investigated vegetation is in the summer season -
0.430 and the lowest correlation -0.134 is related to the winter season, which shows the low dust activity in
this period. The average minimum and maximum AOD in the studied area are 0.161 and 0.199, respectively.
The lowest and highest AOD values are in winter 0.087 and spring 0.261, respectively. Also, the lowest
standard deviation with a numerical value of 0.011 occurred in the autumn season, where the average AOD is
0.149, which indicates the lowest variability of AOD in the studied seasons in the catchment area of Maharlo
Lake. The results obtained from GWR showed that the highest 2 value was related to the NDVI index with a
numerical value of 0.819 and the lowest 2 value was related to the CRI2 index with a numerical value of
0.454. Also, based on the adjusted coefficient of determination (r? Adjusted), the highest correlation between
AOD and the NDVI index was 0.627, and the lowest correlation with the CRI2 index was 0.195. Finally, in
this study, the AlCc value was also examined, in which the lowest value, with a numerical value of 272.25,
was related to the NDVI index (the AICc value related to the ARVI index was 341.75), and the highest value,
with a numerical value of 377.75, was related to the CRI2 index, which respectively indicates the most
appropriate and inappropriate fit between aerosols and the vegetation indices under study. The plant health
study revealed that the lowest CRI12 value of 0.131 occurred in autumn, while the highest value of 0.981 was
observed in summer. The lowest standard deviation was in the winter season numerical value of 0.98, and the
highest deviation was in the summer season numerical value of 1.7, indicating reduced chlorophyll variability
in the winter and more variability in the summer. The high CRI2 value in the summer indicates a high
chlorophyll concentration in plants and gardens. The NDVI study also showed that the lowest and highest
NDVI values were related to the autumn season numerical values of -0.754 and 0.998, respectively. Since the
standard deviation of the autumn season also has the highest deviation from the standard (0.138) among the
four seasons in the NDVI study, it indicates greater variability of NDVI values in this season. Finally, the
ARVI index study showed that the highest and lowest standard deviations were related to the winter and
autumn seasons with numerical values of 0.067 and 0.038, respectively, which indicates the highest and lowest
variability of the ARVI index in the study area as an index sensitive to aerosols and a modifier of the NDVI
index. Also, the minimum of the ARVI index was related to the winter season with a numerical value of -
0.805, and its maximum was related to the summer season with a numerical value of 0.998, and the average of
the aforementioned index varied from 0.058 in the winter season to 0.112 in the spring season.
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