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Estimating surface Nitrogen dioxide concentration using satellite data
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Abstract

Since nitrogen dioxide (NO,) levels and their spatial distribution are critical, accurate

monitoring is essential. However, ground-based monitoring stations are limited by
incomplete spatial coverage and high maintenance costs. This research aims to estimate
hourly surface nitrogen dioxide concentrations over Thailand from 2021 to 2024 at a spatial
resolution of 10 km. The study integrates atmospheric data from the Geostationary
Environment Monitoring Spectrometer (GEMS) onboard the Geo-Kompsat-2B satellite,
including aerosol optical depth (AOD) at 354, 443, and 500 nm, tropospheric nitrogen
dioxide, formaldehyde, total column ozone, and the UV index. Additionally,
meteorological parameters from the ECMWF Reanalysis v5 (ERA5), such as temperature,
relative humidity, and precipitation, were included. Reflectance of the near-infrared (NIR)
and red bands from MODIS was also incorporated. These datasets were processed using a
Random Forest model to predict surface nitrogen dioxide concentrations. In addition, a
spatial distribution analysis of nitrogen dioxide concentrations was conducted to identify
areas with high levels. Monthly variations in nitrogen dioxide concentrations were also
examined. Furthermore, the analysis was integrated with population density data to assess
areas with potential health risk exposure. The study found that the estimated nitrogen
dioxide concentrations from the model are consistent with ground-based monitoring data,
achieving an overall R? of 0.81 and an RMSE of 4.75 ppb. In terms of spatial distribution,
nitrogen dioxide levels is relatively high in the Central and Northern regions, particularly in
the Bangkok Metropolitan Region, Lampang, and Chiang Mai. The monthly analysis reveals
that nationwide nitrogen dioxide concentrations peak between January and April, decrease
from May to October, and begin to rise again in November. Furthermore, the integration
with population density data indicates that the highest-risk areas are located in the
Bangkok Metropolitan Region and along the Eastern Seaboard, as pollutants are heavily
concentrated in major urban centers and industrial zones.
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