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Abstract
Mineral dust, defined as aerosol originating from the soil, can have various harmful
effects to the environment and human health. The detection of dust, and particularly incoming dust storms, may help prevent some of these negative impacts. We
investigated both physical and machine learning algorithms of dust aerosols detection
over the Atlantic Ocean using satellite observations from Moderate Resolution Imaging Spectroradiometer (MODIS) and the Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite Observation Observation (CALIPSO). We found that the machine learning algorithms achieved a higher accuracy rate compared to those of the physical algorithms.
Through combining a logistic regression algorithm with our physical understanding of
dust aerosols, we were able to reach the highest detection accuracy.
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Introduction

In arid and dry regions with high velocity winds, soil particles are lifted into the atmosphere,
becoming mineral dust. It is one of the most abundant types of aerosol in the atmosphere
with the Saharan desert as the largest contributor. Mineral dust aerosols affect the Earth’s
energy budget through several ways. It has a direct radioactive effect by scattering and
absorbing solar radiation. By acting as cloud nucleation nuclei, mineral dust can indirectly
impact the global radiation balance. High levels of mineral dust results a significant decrease
in the air quality, negatively affecting our health. Inhalation of large quantities of mineral
dust can lead to lung fibrotic diseases (where damage occurs to the lung tissue) as well as
an increase in hospital admissions due to aggravated asthma, chronic bronchitis, and other
respiratory illnesses [12]. Unfortunately, the amount of dust in the atmosphere and its direct
impact is unknown largely due to errors in the methods of retrieval.
Many of the methods for dust detection rely upon the usage of satellite data. The more
accurate data has been from the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation Observation (CALIPSO). While CALIPSO is more accurate at dust detection,
it has multiple drawbacks like only gathering data from a smaller swath of the Earth’s
surface. Researchers have shifted towards using data from Moderate Resolution Imaging
Spectroradiometer (MODIS), which is a passive sensor. However, MODIS is unable to directly detect mineral dust. Thus various algorithms have been developed combining physical
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