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Abstract

This study aims to investigate the spatial distribution of PM2.5 concentrations and their inter-re-
gional influences in the Beijing-Tianjin-Hebei (BTH) region, with a focus on analyzing seasonal
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variations between heating and non-heating periods. The spatial correlation characteristics of
PM2.5 concentrations were systematically examined through spatial statistical approaches. Ini-
tially, Global Moran’s I and Local Moran’s I indices were calculated using monitoring data from 13
municipal-level cities during heating seasons, revealing significant spatial autocorrelation of PM2.5
concentrations across the BTH region. Subsequently, Kriging interpolation was implemented to
map PM2.5 concentration patterns for both seasons, identifying regions with substantial variation
and conducting causal analyses for concentration discrepancies and pollution hotspots. Based on
these findings, targeted environmental protection recommendations were proposed. Finally, due
to the uneven distribution of monitoring points potentially leading to biased results, this study re-
calculated the average PM2.5 levels during the heating season for each city in the Beijing-Tianjin-
Hebei region by expanding the monitoring points based on Kriging interpolation results. A compar-
ison of Moran’s Index before and after the adjustment revealed that the PM2.5 concentrations in the
13 cities of the region exhibited strong spatial correlations, with pollution showing significant clus-
tering. The northern areas displayed a “low-low” aggregation pattern, while the southern areas ex-
hibited a “high-high” aggregation. Additionally, during the heating season, pollution spread out-
ward from urban centers in a regular pattern.
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Table 1. Global Moran’s index
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Figure 1. Visualization of local Moran’s index
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Figure 2. Normal QQ plot after logarithmic transformation of the data
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Figure 3. Comparison of universal kriging interpolation between heating and non-heating seasons; (a) Universal kriging in-
terpolation in heating season; (b) Universal kriging interpolation in non-heating season
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Figure 4. Beijing sampling points and random points
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Figure 5. Visualization of local Moran’s index
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