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Abstract:

The state of Alagoas in the Brazilian Northeast (NEB) has not yet been assessed for pollutant
spatial distribution through satellite remote sensing and reanalysis data. This research aimed to
analyse the state’s spatial distribution throughout 2022 by collecting and processing data from
Atmospheric Infrared Sounder (AIRS) and Modern-Era Retrospective Analysis for Research and
Applications, Version 2 (MERRAZ2). The data were then interpolated and provided as a state
map distribution by city or municipality for all the 102 towns in Alagoas. Additionally, the state
is divided into three mesoregions (Coastal — “litoral”, Hinterland — “agreste”, and Arid —
“sertdo”), each with its specific climatology and characteristics. The pollutants chosen were
Ozone (03) (ozone), Carbon Monoxide (CO), Methane (CH4), and Particulate Matter 2.5 nm
(PM2.5) and were displayed in a gradient state map from coastal to arid. The results were also
compared to other case studies in Asia. The findings show that pollutants O3 and CH4 form a
gradient from the coast to the state’s interior, which is associated with local effects and mesoscale
circulation. In contrast, CO and PM2.5 directly relate to high concentrations of vehicles,
industries, and agricultural production.
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1. Introduction

The deterioration of air quality poses a significant threat to environmental sustainability and
public health, especially in heavily populated urban regions. The employment of satellite and
reanalysis data for environmental surveillance offers intricate insights into air pollutants'
dispersion and concentration levels (Garcia-Burgos et al., 2022; Abecasis et al., 2022). In the
past, a few studies on the air pollution were carried out in the State of Alagoas, in the Eastern
Northeast of Brazil (ENEB), for instance Mollmann Junior et al. (2013) and Nunes et al.
(2020). However, these studies were limited in their spatial approach and confined to a single
pollutant. This study evaluates the air quality in Alagoas, Brazil in comparison with Asia, by
charting the distribution of pollutants such as O3, CO, CH4, and PM2.5.

In harmonising the discoveries of this research with those put forth by Mollmann Junior et al.
(2013) and Nunes et al. (2020), this research study broadens the horizon of the air quality
scrutiny in Alagoas by integrating a more extensive array of pollutants and implementing a
spatial examination throughout the entire state.

While Mollmann Junior et al. (2013) concentrated on the dispersion of carbon monoxide
emanating from sugarcane burning, and Nunes et al. (2013) probed into the spatial-temporal
variability of ozone and its correlation with ultraviolet radiation, this research explores and
enriches these viewpoints by presenting an all-encompassing perspective on multiple pollutants
and their dispersion over a spatial distribution map for the state.

2. Methodology
The methods and material used in this study are elaborated as follows:
2.1. Retrieving and processing

These datasets are instrumental in analysing the spatial distribution of critical air pollutants
(O3, CO, CH4 and PM2.5) across Alagoas (NEB). The methodology involves several steps,
from data acquisition to spatial analysis, employing Python (v. 3.12.1) for data processing and
interpolation. The primary source of the data downloaded for this study was NASA’s Giovanni
Project (Giovanni is a NASA Goddard Earth Science Data and Information Services Centre
(GES DISC) Distributed Active Archive Centre (DISC) web application that provides a simple,
intuitive way to visualise, analyse, and access Earth science remote sensing data, particularly
from satellites.

2.2. Net CDF data and spatial analysis shapefile

The data for the concentrations of O3, CO, and CHs4 is from AIRS. And the data for the
concentration of PM2.5 is from MERRAZ2. Each of the Net CDF files was processed and
interpolated with each other, and then the programming script put the necessary data analysis
in place (Python v.3.12.1).

The shapefile for Alagoas was collected from the Brazilian Geographics and Statistics Institute
(IBGE) regarding the cities within the state region. Also, the mesoregions are defined in the
same shapefile, and the proper analysis was again put in place.
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2.3.  Study area

The study region was Alagoas (NEB), and the information includes the population density and
vehicle count. There are two main metropolitan regions: the Metropolitan Region of Maceid
(MRM), which is the state’s capital, and the Metropolitan Region of Agreste (MRA). They
were highlighted due to their significant populations and potential impact on air quality.

As per the data from the Brazilian Institute of Geography and Statistics (IBGE), in 2022,
Alagoas had a population of 3,127,683, with a population density of 112.38 inhabitants/km?.
The state, with a total of 1,034,187 vehicles, held the 22" rank among the 27 states. The MRM
Region, with a population of 1,330,291, had a GDP of BRL 37,110,902,374. The MRA Region,
encompassing 15 municipalities, had a population of 508,073. This data provides a
comprehensive demographic and economic snapshot of Alagoas and its regions.

3. Results and discussion
3.1.  Geographical dispersion

The geographical examination for the year 2022 (as depicted in Figure 1) shows unique patterns
in the dispersion of air contaminants across Alagoas. It also emphasises the influence of urban
and industrial discharges on the levels of CO and PM2.5.

This examination brings attention to areas of deep concern due to increased pollutant
concentration, which could indicate the necessity for strategies designed for the air quality
management of those specific regions (cities). Moreover, a side-by-side comparison with land
observations validates the dependability of AIRS and MERRA?2 data, notwithstanding minor
inconsistencies, endorsing a combined surveillance approach (Gupta & Christopher, 2009).

Figure 1: Spatial distribution of pollutants (O3, CO, CH4 and PM2.5) in Alagoas, 2022
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3.2. Comparison to Asian case studies

In a study conducted by Zhang et al. (2019), the spatial distribution and seasonal variation of
air pollutants, including PM2.5, O3, and NO2, were analysed across various cities in China.
This research utilised satellite data, ground station measurements, and air quality modelling to
provide a comprehensive overview. The findings show a significant urban-rural gradient, with
higher concentrations of pollutants in densely populated areas and industrial zones. This study
highlights the critical role of anthropogenic emissions in air quality deterioration, as well as
Alagoas, Brazil, albeit with a different pollutant profile due to varying industrial activities and
vehicle densities.

Kim et al. (2020) focused on South Korea, examining the impact of transboundary pollution
from mainland China on local air quality. Through satellite observations and atmospheric
transport models, the study quantified the contributions of external sources to domestic
pollution levels, particularly for PM2.5 and ozone. The research underscores the complexity of
air pollution as a regional issue. This aspect of air quality management brings an additional
layer of complexity not directly addressed in the Alagoas study, pointing towards the
interconnectedness of air quality issues across borders.

4. Conclusion

This assessment and evaluation of the air quality in Alagoas, Brazil in comparison to Asia
highlights the importance of utilising the satellite and reanalysis of the data for base analysis.
It pinpoints the regions with heightened levels of pollutants, where O3 and CH4 exhibit a
gradient from the coastline to the state’s interior. This pattern is influenced by local phenomena
and mesoscale circulation, contrasting with CO and PM2.5, which are directly linked to the
dense presence of vehicles, industries, and agricultural activities.
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