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Abstract Using the WRF/Chem (Weather Research Forecasting/Chemistry) model, a large-scale PM2.5 heavy pollution
process in northern China from 25 November to 2 December 2015 was simulated. Comparisons to observations show that
the model can realistically capture the magnitude and variation of PM2.5 and meteorological factors, and can be used for
the mechanism analysis of this pollution event. This paper further analyzed the mechanism of the strong pollution event
from the aspects of dynamics, thermo-meteorological conditions, and chemical transformation. The results show that the
dynamic factors mainly affect the pollution event through weakening of the surface wind and vertical wind shear. Thermal
factors, such as a boundary layer inversion, promote the enhancement of the atmospheric stability, which is not conducive
to pollutant diffusion. Based on the analysis of the PM2.5 composition, the nitrate, sulfate, and organic carbon content
increased in this event, indicating that the secondary aerosol formation caused by vehicle exhaust and coal combustion
contributes greatly to the PM2.5 pollution. To identify the main factors causing this pollution event, we used multiple
linear regression and relative contribution rate accounting methods to quantify the multi-factor analysis. The results show
that the thermal factors play a major role in the pollution process, with a variance contribution of 52%, dynamic factor of

34%, and a chemical transformation variance contribution of 14%, indicating that adverse meteorological conditions,

25 %
Vol. 25

especially thermal conditions, are the main causes of the pollution event.
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November to 30 November 2015

Distribution of the stations (black spots) in the study area and the PM2.5 concentration (ug/mz) at the representative stations averaged from 26
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Fig. 2 Comparison and verification of the regional averaged model and observation results from 26 November 2015 to 2 December 2015: (a) 850-hPa
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Fig. 4

Spatial and temporal evolution of the PM2.5 concentration pollution process from 25 November to 2 December 2015 (PM2.5 average

concentration in shadow, units: ug/mS; the arrow is the surface wind, units: m/s)
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(a) Concentration changes of the PM2.5 components in different pollution periods (BC: black carbon, OC: carbon oxides, SOA: secondary

organic aerosols, Sulfate: sulfate, Nltrate: nltrate; units: pg/m3) and the relative proportion (%) of each component (b) before pollution (26 November),

(c) pollution (28 November), and (d) after pollution (1 December)
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