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Innovative Stacking Method for Enhanced Data
Fusion in Pollutant Population Risk Evaluation
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Abstract

Air pollution, with a particular emphasis on particulate matter (PM) pollution, has increasingly become a
critical global public health concern in recent years. The primary focus of this concern lies in PM10 and
PM2.5, which are crucial in research due to their significant health impact. PM2.5, with its relatively smaller
particle size, poses a greater risk as it is more likely to penetrate the blood circulation and adversely affect
human health. Consequently, it is imperative to assess PM2.5 and PM10 exposure with high accuracy and
spatial-temporal resolutions, which is the fundamental data for evaluating health effects. Machine learning
methods are promising candidates for this purpose. In this study, we developed various machine learning
methods to estimate the distribution of PM with high spatial and temporal resolutions by downscaling results
from chemical transport models and compared the performance of the methods. A key finding is that the
Stacking method, when considered for computational performance and operational efficiency, aligns with or
surpasses deep learning methods regarding prediction accuracy and precision. Moreover, the Stacking method
significantly reduced computational time. Utilizing the Stacking model for downscaling pollutant data, the
study successfully generated detailed pollution distribution maps, which facilitate comparative and analytical
assessment of PM2.5 and PM10 pollutant distributions alongside population distribution maps, ultimately lead-
ing to a comprehensive population risk map due to environmental pollution. This observation underscores
the profound impact of population size on pollution levels, demonstrating a direct correlation between human
habitation density and air quality deterioration. Furthermore, the study investigated the relationship between
different demographic characteristics, e.g., age and gender, and their respective PM exposure levels. It was
found that the elderly population is particularly vulnerable to pollution, indicating a demographic skew in
the risk profile. Additionally, the research highlights significant variations in pollutant exposure levels across
different geographical settings, including urban, rural, and industrial areas, with a consideration of land usage
patterns. These disparities shed light on the environmental impacts influenced by varying land use and urban



planning. In conclusion, the findings of this study are invaluable in informing the development of effective
environmental and health policies. By enhancing understanding of the relationship between particulate mat-
ter pollution, population distribution, and demographic characteristics, this research offers critical insights
for policymakers to devise targeted strategies to mitigate air pollution’s impact on public health, especially in

densely populated and high-risk areas.
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