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Abstract

To investigate the spatiotemporal evolution characteristics of composite air pollution and its mete-
orological driving mechanisms in Anqing City, and to reveal its impact on agricultural production,
this study utilized hourly PM:zs concentration data and concurrent meteorological observations
from 2023 to 2025. Multiple methods including mathematical statistics, multi-scale analysis, K-
means clustering, random forest feature importance assessment, lagged correlation analysis, and
partial dependence plots were comprehensively employed to systematically analyze the spatiotem-
poral distribution patterns of particulate matter concentrations, meteorological driving mecha-
nisms, and their associations with agricultural production. The results show that PM: s concentra-
tions in Anqing City exhibit significant seasonal differences and a typical bimodal diurnal variation
pattern, with winter being the high-pollution season. Concentrations in the main urban area and
industrial influence zones are markedly higher than those in suburban agricultural production ar-
eas, exerting particularly pronounced effects on farmland light availability and crop growth. K-
means clustering divided the pollution processes into three typical scenarios: low, medium, and
high pollution. The high-pollution scenario displays an obvious long-tail distribution and has a
more persistent impact on agricultural areas, potentially leading to reduced photosynthesis and
leaf contamination in major crops such as rice and wheat. The random forest model indicates that
relative humidity and wind speed are the most important meteorological driving factors affecting
PM:zs concentrations, with their contributions significantly higher than other factors. Lagged corre-
lation analysis reveals a clear lagged effect of meteorological factors on PMzs concentrations within
3~12 hours. Partial dependence plots further demonstrate that when relative humidity exceeds
70% and wind speed drops below 1.5 m/s, PMz.s concentrations increase significantly in a nonlinear
manner, with a synergistic aggravating effect between high humidity and low wind speed, which
substantially intensifies pollution accumulation in agricultural regions. The random forest model
outperforms decision trees and GBDT in predictive performance and is identified as the optimal
model. This study quantitatively elucidates the nonlinear response and lagged superposition mech-
anisms of meteorological elements on particulate pollution, and clarifies the potential impacts of
PM:z5 on agricultural production under different pollution scenarios—including reduced crop yield
and quality degradation—thereby providing scientific support for precise early warning of heavy
pollution in agricultural areas of Anqing City, the formulation of farmland protection measures, and
refined control strategies.
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Figure 1. Monthly PM2 s time series for all monitoring sites (2023~2025)
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Figure 2. Distribution of PM2.s concentrations by season
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Figure 3. 24-Hour PMz s concentration graph
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Figure 4. PM2s pollution scenario clas51ﬁcat10n via k-means clustering
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Figure 6. Partial dependence plots for key meteorological variables
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