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Re§earch on Causes of Severely ,Polluted Weather in Tianjin Based on Process

Analytical Technology

HAO Jian' >, CAI Zi-ying'*** | HAN Su-gin'>*, YANG Xu'** | FAN Wen-yan'** | YAO Qing' >, QIU Xiao-bin' >

(1. Tianjin Institute of Meteorology, Tianjin 300074 , China; 2. CMA-NKU Cooperative Laboratory for Atmospheric Environment-Health Research, Tianjin 300074, China;
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Abstract; Based on the WRE/Chem numerical model, the effects of horizontal transport, turbulent mixing, vertical motion, convection, and regional transport on the surface
PM, , mass concentration in Tianjin were analyzed using process analysis and labeling source tracing techniques, and the causes of heavy pollution weather in Tianjin from June
2019 to May 2021 were studied. The results showed that the meteorological causes of heavy pollution weather can be assessed using this method; the horizontal transport was
-2.03 pg+(m’ +h) =", the vertical advection was -2.24 pg+(m®+h) =", the vertical mixing was —11.70 pg+(m’ +h) =", the convection was —0.03 pg+(m’+h) =",
and the contribution of regional transport was 36. 23%. For 16 heavy pollution processes, except for dust and fireworks, the numerical attribution method could be established.
The meteorological causes of heavy pollution could be reasonably explained by the horizontal transport change rate index (a), convection change rate index, vertical advection
change rate index (¢), turhulent mixing change rate index (), and regional transport percentage index (7). The analytical indexes of heavy pollution weather in Tianjin
were as follows: a> -2.0%-h™", B> -7.7%-h~", ¢>2%-h~", §<12%+-h~", 7>50%, and PBL (mixed-layer thickness) <250 m. The analytical index showed
that the turbulent mixing capacity and the decrease in the thickness of the mixing layer had an important influence on the formation of heavy pollution weather in recent years.
Horizontal wind field convergence and vertical advection transport will be superimposed on the decline of atmospheric vertical diffusion conditions in some heavy pollution
weather, which will further trigger the formation of heavy pollution weather; the occurrence times were 6 and 4, respectively. Based on the process analysis technology, a
quantitative evaluation index of atmospheric self-purification capacity could be established, which had a good correlation with the traditional ventilation coefficient index. The
correlation coefficient between @ and PM, 5 was 0. 65, which was higher than the traditional index. A 6 value of less than 12% +h ™" indicated that the atmospheric diffusion
condition was very poor. A total of 81.25% of the heavy pollution weather accorded with this index, and @ greater than 30% +h ™" indicated that the atmospheric diffusion
condition was very poor. The self-purification capacity of the atmosphere exceeded the impact of emissions, and the probability of excessive pollution was less than 1.5%.

Key words: process analytical technology; cause of air pollution; numerical simulation; heavily polluted weather; Tianjin
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