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Fig.3 Spatial distribution of monthly average concentrations of dust aerosol in Northeast Asia from 1981 to 2023
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Fig.4 The annual and monthly average changes of dust aerosol concentration in Northeast Asia from 1981 to 2023
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Fig.5 Spatial distribution of the rate of change in dust aerosol concentration and the

significance of the temporal trend over Northeast Asia during 1981-2023
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Fig.6 Prediction results of dust aerosol concentrations (pg-m™) in different dry

and wet regions of Northeast Asia by four models
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Fig.7 Importance of characteristic variables of the four models in different regions of Northeast Asia
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Spatiotemporal variations and driving factors of dust
aerosol concentration in Northeast Asia
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(1.State Key Laboratory of Ecological Safety and Sustainable Development in Arid Lands, Northwest Institute of Eco-En-
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Sciences, Beijing 100049, China)

Abstract: Dust aerosols are an important factor affecting the atmospheric environment and climate change, and
research into their driving mechanisms is crucial for ecological restoration and climate adaptation strategy devel-
opment in Northeast Asia. Although previous studies have explained the drivers of dust aerosol concentrations
from multiple perspectives—such as meteorological conditions, ecological processes, and human activities—the
relationships among these factors often exhibit pronounced nonlinearity and multi-scale variability. Based on mul-
tiple reanalysis datasets, this study integrates trend analysis and machine learning methods to systematically in-
vestigate the spatiotemporal evolution of dust aerosols and their driving mechanisms in Northeast Asia. The re-
sults show that: (1) Spatially, dust aerosol concentrations in Northeast Asia follow a high in the west, low in
the east pattern, with high-value areas concentrated in dust source regions such as the Mongolian Gobi and the
deserts of northwestern China, while low-value areas are mainly located in dust deposition regions including the
middle and lower reaches of the Yangtze River in China, the Korean Peninsula, and Japan. Temporally, Theil-
Sen trend estimation and the Mann-Kendall significance test indicate a fluctuating upward trend in the annual
mean dust aerosol concentration across Northeast Asia, and the monthly mean concentration peaks in April.
(2) Among the machine learning models, XGBoost demonstrates superior simulation performance. (3) The im-
portance of driving factors differs markedly among climate zones: wind speed dominates in extremely arid
zones; in arid zones, wind speed is the most critical factor, followed by temperature and soil moisture; in semi-
arid and sub-humid zones, leaf area index contributes relatively more; and in humid zones, relative humidity
plays a more significant role. These patterns indicate that, from dust emission areas to deposition areas, aerosol
concentrations are primarily controlled by emission intensity and deposition rate, respectively. This study pro-
vides a scientific basis for improving understanding of dust aerosol evolution mechanisms in Northeast Asia and
for developing region-specific prevention and control strategies.

Key words: dust aerosol concentration; spatiotemporal variation; Northeast Asia; driving factors; machine

learning



