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Analysis of changes in ozone precursors and formation sensitivity in the Beijing-Tianjin-Hebei region based on TROPOMI and
Ground observations. WANG Xin-hui'?, SHEN xiu-e"? JIANG Lei"*, ZHANG Jian'?, SUN Shuang', LI Lei', SONG Xiao-ke'
(1.Beijing Municipal Ecological and Environmental Monitoring Center, Beijing 100048, China; 2.Beijing Key Laboratory of Airborne
Particulate Matter Monitoring Technology, Beijing 100048, China). China Environmental Science, 2025,45(12): 6571~6583

Abstract: This study investigated the spatiotemporal variations and relationships of O;, HCHO, and NO,, as well as O; formation
sensitivity (OFS) and the distribution changes of O;-NO,-VOCs control regime in the Beijing-Tianjin-Hebei (BTH) region from 2019 to
2023, using data acquired from the TROPOMI satellite sensor and ground—based monitoring networks. The results showed that: (1) O;
concentrations in the BTH region were characterized by higher levels in the south and lower levels in the north, with an overall trend of
initial decrease followed by an increase. The number of Os pollution days was reduced by approximately 30%. A significant positive
correlation was observed between O; concentration and air temperature (7=0.85, P<0.001). (2) High-value areas of HCHO and NO,
vertical column densities (VCDs) were concentrated in the Beijing-Tianjin-Langfang/Tangshan regions and the
Shijiazhuang-Handan-Xingtai urban agglomeration. During the study period, a decrease of approximately 3% in HCHO VCDs and about
12% in NO,VCDs was recorded. HCHO variations were significantly influenced by temperature, while NO, was primarily driven by
anthropogenic activities. Based on daily data during the OPHF period in the BTH region, nonlinear relationships between Os
concentration and the ratio of HCHO to NO, VCDs (FNR) were found to be consistent with photochemical models of O;-NO,-VOCs
reactions. The peak O; concentration occurred at an FNR value of 4.0, with the transitional regime ranging from 3.2 to 4.9. Although
differences were observed in the fitting curves between O; concentration and FNR across different cities, the correlation coefficients
were all above 0.65. (3) From 2019 to 2023, the O; formation regime during the OPHF period was shown to transition from mixed
NO,-VOCs limited to VOCs limited conditions, with the area of VOCs limited regime expanding by approximately 23%. Therefore, it is
suggested that greater emphasis should be placed on reducing VOCs emissions to mitigate O3 pollution in the future. Ozone formation
sensitivity was significantly influenced by anthropogenic factors. The Pearson correlation coefficients between FNR and NO, VCDs, CO
VCDs, and HCHO VCDs were —0.86, —0.62, and 0.14 (P<0.001), respectively. Among meteorological factors, temperature and humidity
were found to have significant effects on FNR, with correlation coefficients of 0.88 and 0.41 (P<0.001), respectively.
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