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Abstracts Thls study “developed a two-stage statistical model (linear mixed effect (LME) model + geographical weight regression
(GWR)' model) to determine the spatio-temporal variation of PM, ; concentrations in the Beijing-Tianjin-Hebei ( BTH) region with
full-coverage, high resolution, and high accuracy. The model employs multi-angle implementation of atmospheric correction aerosol
optical depth (MATAC AOD) data, with a 1 km spatial resolution, as the main predictor and meteorological data/land-use data as the
auxiliary predictors. To determine the characteristics of heavy PM, ; pollution in the BTH region, unique predictors such as AOD? were
also introduced into the two-stage model. The two-stage model was used to estimate the daily PM, s concentrations with a 1 km
resolution. After being cross-validated against ground observations, the R* of PM, ; was found to be 0. 94, with a slope value of 0. 95
and RMSPE value of 13. 14 pg-m ™. Compared to previous studies such as LME, the two-stage model has much higher accuracy,
suitable for estimating PM, ; concentrations. The PM, ; concentration in the BTH region ranged from 0 to 89. 89 pg-m ™ in 2017, with
a mean value of 44. 96 pg+m ™. The spatio-temporal variability of PM, ; over the BTH region was significant, exhibiting high values
over the southwestern plain, moderate values over the northeastern plain, and low values over the mountainous plateau. In terms of
seasonal variation, PM, s concentrations were high in winter, low in summer, and moderate in spring and autumn. The estimated PM,
concentrations, with high spatio-temporal resolution, are useful for exposure assessments in epidemiological studies and identifying the
spatio-temporal variation of pollution sources at a fine spatial scale. The results show that the locations of vital pollution sources over the
severely polluted south-central Hebei piedmont plain may have changed since the implementation of the Air Pollution Prevention and
Control Action Plan. This study could provide a scientific basis for the prevention and control of air pollution in the BHT region.

Key words:MAIAC AOD; PM, ;; linear mixed effect model; geographical weight regression model; Beijing-Tianjin-Hebei region
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Table 1  Descriptive statistics of each parameter

of the modeling data from 2017
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K/ m-s ! 2.49 0.05 12.04  1.28
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Table 2 Multicollinearity test results
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Fig. 2 Random error term diagnosis of model fitting results
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Table 3 Values of fixed effects in the first stage mixed effects model
SRl i HE ¢ K H P
R -596. 859 15.097 0. 000
AOD 86. 981 67.995 0. 000
AOD? -21.087 —43.867 0. 000
R E -0.036 5.748 0. 000
HRIZEE x AOD -0.039 - 18.563 0. 000
ik 2.102 -39.376 0. 000
AEX I B 38.745 -5.308 0. 000
R -0.798 -10.170 0. 000
7/ § T -1.548 -8.685 0. 000
I SJE 0. 0001 12.915 0. 000
RN 7 -12.972 -3.973 0. 000
AL M -0.943 2.131 0.033

x4 HEMSURE F SEELEREERN P ESS
Table 4 The P-value distribution of results from the geographically

weighted model, tested with the F distribution approximation method
P <0.05 fIREL
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Fig. 3 Comparison of cross-validation results between LME model and LME + GWR model for 2017
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Fig. 4 Comparison of predicted and observed PM, 5 concentrations,
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on the results of cross-validation in the two-stage model
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Table 6 Comparison of results with those of other models commonly used in the Beijing-Tianjin-Hebei region

WFIEAFAY e AR R? R RMSPE/ pg-m > Sk
2021 Wi B 1 0.94 0.95 13. 14 RN

2018 DBN A7 0.71 0. 66 17. 63 [6]

2020 R AL MRS A 0.86 0.82 23.48 [18]
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Table 7 Percentage of AOD data used for modeling in 2017/ %
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