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ABSTRACT

Remote sensing (RS) technologies provide valuable information about air quality
assessment in various scales and time intervals, which enables understanding the effects
and trends of anthropogenic activities. Atmospheric aerosols are generally monitored
using satellite-based Aerosol Optical Depth (AOD) data. Moderate Resolution Imaging
Spectroradiometer (MODIS) aboard the Aqua and Terra satellites is one of the primary
sources that makes it possible to obtain daily AOD observations. In this study, we aim to
evaluate long-term (2012-2022) spatiotemporal MODIS-derived AOD data over Igdir
Province of Tiirkiye with wind properties. Concerning air pollution, Igdir is one of the
most polluted cities not only in TUlrkiye but also in Europe. Thus, continuous and long-
term monitoring of air quality in Igdir city is vital for the environmental sustainability
and public health. For spatiotemporal analysis, seasonal AOD images were extracted for
each year, from 2012 to 2022, and then mean of them were calculated to obtain long-term
mean seasonal AOD images. Overall, the mean seasonal AOD values varied almost
between 0 and 0.4. The results showed that in general the northern part of the study area
has higher AOD values than the southern part, except for the mean of the spring seasons.
On the other hand, the wind pattern, in mean seasonal summer, is almost opposite to the
other mean seasonal wind directions. This research presents preliminary results, thus to
reveal the main source of the aerosols, extensive multisiciplinary study should be
conducted in the study area.
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INTRODUCTION

Aerosols are tiny particles, which are suspended in the atmosphere with aerodynamic
diameters between 0.001-100 um, and they play a significant role in human health [1, 2],
earth-atmosphere radiation balance [3, 4], aerosol-cloud interaction [5], climate change
obtained by diminishing or reinforcing the warming at regional and global scales [6, 7].
In order to monitor Aerosol Optical Depth (AOD), there are two different data sets,
including ground-level monitoring/station data and satellite-based observations [8-11].
Compared to the ground-based observations, satellite-derived AOD measurements enable
long-term AOD monitoring at a regional or global scale [12]. In particular, the Multi-
Angle Implementation of Atmospheric Correction (MAIAC) AOD product extracted
from Terra and Aqua satellites at high spatial and temporal resolution (1 km, daily) has
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provided a distinctive opportunity to investigate the micro-scale AOD changes over time
and space [13, 14]. It is worth mentioning that satellite-derived AOD data usually endure
missing data due to the bright surfaces or the surfaces covered by cloud/snow [12, 15].
To compensate the missing data gaps in the satellite-derived AOD, various methods have
been offered with numerous spatial and temporal coverages [16, 17]. In this study, the
missing data issue was not handled since long-term mean images eliminated the cloud
problem, except for the winter season. This paper aims to investigate the spatial and
temporal analysis of long-term (from 2012 to 2022) MODIS-derived AOD over Igdir
province, Turkiye, with wind direction vectors extracted from monthly aggregated ERAS.

STUDY AREA

Figure 1 illustrates the study area considered in this research. Igdir province, with 3
districts and 163 villages (http://www.igdir.gov.tr/ilcelerimiz/), is located in the Eastern
Anatolia Region of Turkiye and along the borders with the countries of Armenia, Iran,
and Azerbaijan. It occupies an area of 3,539.00 km? and a total population of 203,594.00.
Its average altitude is about 850 m from the mean sea level and there is a continental semi-
arid climate with hot-dry summers and cold-snowy winters. It is also one of the driest
cities in Turkiye with an average precipitation of about 261 mm per year. Air pollution is
intensely experienced in the province because of the geographical location, topographic
structure, meteorological conditions, microclimate features and a high level of pollution
due to the inversion event.
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Figure 1. The location map of the study area

RESEARCH DATASET

In this study, we utilized two different sources of the dataset, MODIS-derived AOD
dataset at 470nm and ERA5-derived wind components between 2012 and 2022. To trace
atmospheric  aerosols, we collected the daily AOD images of MODIS
(MODIS/006/MCD19A2_GRANULES), which are freely accessible in the Google Earth
Engine (GEE) data catalog. This product is provided by the Land Processes Distributed
Active Archive Center (LP DAAC) within the NASA Earth Observing System Data and
Information System (EOSDIS) located at the USGS Earth Resources observation and
science (EROS) center [18]. ERA5 is a global climate/weather reanalysis dataset
launched by the European Center for Medium-range Weather Forecasts (ECMWF) under
the Copernicus Climate Change Service [19]. To prepare a reanalysis dataset, a
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combination of model data with a wide range of sensor- and ground-based observations,
including different meteorological parameters, are utilized based on the laws of physics.
We employed the monthly aggregate of ECMWF ERA5 land data
(ECMWF/ERA5_LAND/MONTHLY_AGGR) in this study, and we investigated the
visualized relationship between satellite-derived AOD and ERAS5-based zonal and
meridional wind at the spatial resolution of 0.25¢ x 0.25¢.

METHODOLOGY

To investigate the long-term spatiotemporal changes of AOD over Igdir province, the
methodological steps were performed in GEE cloud platform. Figure 2 illustrates the
methodology on a work-flow scheme. The main steps in the methodology are divided into
three sections, namely, pre-processing, processing, and exports, referring to grey, orange,
and green colors, respectively.
The grey-colored pre-processing step contains the following sub-steps:

MODIS-derived AOD

- Filter image collection by date: the prime step is the introducing of the interested
period (2012-2022) as an input parameter.

- Select the interested band: AOD data collection is derived from two different
wavelengths including blue and green bands. We opted blue band AOD at a
wavelength of 470nm.

- Multiply all images to a scale factor: according to the AOD image collection in Earth
Engine Data Catalog, it is essential to apply a scale factor value of 0.001 to all images.

- Clip all image collection over the region of interest: to investigate the variations over
the study area.

ERAS5-derived meteorological parameter

- Filter date on the dataset between 2012 and 2022: this step is applied to collect the
data for the corresponding time interval.

- Select interested bands as u- and v- components of wind at the height of 10m from the
ground surface: ERA-5 wind data collection are derived into two components as two
different direction of Cartesian coordinate system. U-component is in the west-ward
direction called zonal component while VV-component is in the south-ward direction
called meridian component. To calculate the true wind direction and wind speed, we
used these components.

- Clip all image collection over Igdir province.

- Calculate the wind speed values and wind direction vectors based on equations (1)
and (2)

T= (T2+12)™ @)
Ty=270°-arctan(T,/T,) (2)

Where T, Te, Ty, and Ty are wind speed value, wind direction, and zonal and meridional
components, respectively.

The processing step with orange color includes functions for extracting seasonal average
images including the period from 2012 to 2022. Therefore, we extracted the four image
sets as the four seasons for each year.
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The green-colored results extracted from the processing step demonstrated two different
formats including charts and visualized maps. It is worth noting that visualized maps are
comprised the 44 seasonal maps and 4 long-term mean seasonal maps.
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Figure 2. The work-flow scheme used in this study

RESULTS

As stated in the methodology, from 2012 to 2022, seasonal AOD images were extracted
for each year. Therefore, we had four AOD images representing spring, summer, fall, and
winter for each year. After extracting these seasonal AOD images, mean of them were
calculated to obtain long-term mean seasonal AOD images for the study area. Overall,
the mean seasonal AOD values varied almost between 0 and 0.4. Figure 3 represents long-
term (11-year) mean spring AOD image with seasonal mean wind properties on it. The
wind speed is associated with the length of the black bar, and the red circle shows the
wind direction. Concerning the long-term mean spring AOD image (Figure 3), it is clear
that dense AOD distribution is observed at the Southwest of the study area, and also the
Northeast parts have average AOD pattern based on the legend. The wind direction is
mainly from south to north and the wind speed is higher at the west side from the middle
of the study area. Figure 4 illustrates the long-term (11-year) mean summer AOD image.
This mean summer AOD image reveals that most of the study area has high aerosol
concentration except for a small area at the southern and western parts of the study area.
Considering the wind properties in Figure 4, the wind pattern is almost opposite to the
springtime in Figure 3. Figure 5 and Figure 6 show the long-term (11-year) mean fall and
winter AOD images, respectively. The wind pattern in these images demonstrates similar
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trend as in springtime. Additionally, the severity of the wind speed in the long-term mean
winter AOD image is the highest among all long-term mean images. In Figure 5, it is
clear that the distribution of the aerosol concentration is not very high in long-term mean
fall image. On the other hand, in the long-term mean winter image (Figure 6), the AOD
values are higher at the Northern part compared to the Southern part. Besides, the missing
data are observed at the Southern part of the image in Figure 6 due to long-term seasonal
cloud coverage. In general, the primary sources of aerosols are biomass burning smoke
and urban/industrial emissions, while the secondary sources are gaseous aerosol
precursors, dust and sea salt. In this study, the main source of the aerosol distribution is
most probably related to the desertification around the study area. Due to the
desertification, particulate matters are transported via the wind. In order to prove the main
sources of aerosols in the study area, multidisciplinary and extensive research is required.
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Figure 3. Long-term (11-year) mean spring AOD image with seasonal mean wind properties
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Figure 4. Long-term (11-year) mean summer AOD image with seasonal mean wind properties
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Figure 5. Long-term (11-year) mean fall AOD image with seasonal mean wind properties.
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Figure 6. Long-term (11-year) mean winter AOD image with seasonal mean wind properties.

CONCLUSIONS

In this preliminary research, long-term (from 2012 to 2022) seasonal MODIS-derived
AOD was investigated over Igdir province, Tiirkiye, together with seasonal mean wind
properties. The methodological steps were performed in the GEE cloud platform to
extract seasonal mean AOD and wind maps. The results showed that in general the
northern part of the study area has higher AOD values than the southern part, except for
the mean of the spring seasons. On the other hand, the wind pattern, in mean seasonal
summer, is almost opposite to the other mean seasonal wind directions. The study area is
an important agricultural region; however, desertification issue is observed around its
surrounding. Thus, this issue is thought as the main source of the aerosols in this area
because of the particulate matters that are transported via the wind. In order to prove this
argument, extensive studies should be conducted with other disciplines that will reveal
the source of the aerosol in the study area.
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