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Abstract: Based on tropical cyclone (TC) data, reanalysis data, and ozone monitoring data from 2014 to 2024, the synoptic
mechanism by which approaching tropical cyclones (ATCs) trigger ozone pollution in the Guangdong-Hong Kong-Macao Greater
Bay Area (GBA) was analyzed. A prediction model was developed using Spearman's rank correlation coefficient and the random
forest regression method. The results indicated that: ATCs inducing ozone pollution in the GBA were primarily distributed within a
range of 270~1758km, and a clear disparity in intensity was observed on the eastern and western sides of the line connecting Taiwan
Island and Luzon Island. The ATCs east of the line all reach typhoon intensity or above, while those west range from tropical
depression to severe typhoon intensity. Ozone pollution was induced by ATCs through the generation of subsiding airflows in upper
levels, which reduces cloud cover over the GBA, increases downward shortwave radiation, elevates surface temperatures, and
reduces relative humidity, precipitation and wind speed. Through SOM clustering analysis, four ozone pollution distribution patterns
triggered by ATCs in the GBA were identified: the southwestern pollution pattern, the widespread pollution pattern, the western
pollution pattern, and the northeastern pollution pattern. These patterns are associated with the transport and convergence effects of

different surface wind fields. Ozone concentrations in the 1lcities of the GBA were found to correlate well with tropical cyclone
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characteristics (radius of 7-level wind circle and proximity rate), as well as significant correlations with surface meteorological

factors (such as land-sea wind direction difference and land-sea meridional wind speed difference) and upper-air meteorological
factors (such as 200 hPa vertical velocity, 700 hPa meridional wind, 700 hPa specific humidity, and 925 hPa zonal wind). The

forecasting model constructed based on 18factors, including tropical cyclone characteristics and surface and upper—air

meteorological elements, demonstrates high generalizability and accuracy. The average correlation coefficient between the model's

forecast values and the actual monitoring values reached 0.811, the average root mean square error was 30.2pg/m’, and the average

TS score for ozone level prediction was 0.668.

Key words: tropical cyclone; the Guangdong-Hong Kong-Macao Greater Bay Area; ozone pollution; synoptic mechanisms; random

forest model
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Fig.1 Distribution and intensity of approaching tropical cyclones triggering ozone pollution in the GBA
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Fig.3 The average of vertical velocity over pollution-inducing cyclones (left panel) and non—pollution—inducing cyclones (right

panel)
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Fig.4 The average of total cloud cover and downward shortwave radiation over pollution—inducing cyclones (left panel) and

non—pollution-inducing cyclones (right panel)
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Fig.6 SOM clustering results of ozone concentration distribution triggered by pollution-inducing cyclones in the GBA
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Fig.7 Averaged surface wind fields corresponding to four ozone pollution types
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Table 1 Spearman rank correlations between ozone concentrations and meteorological factors across 11cities within the GBA
AU 7 (SRR
S BRI ORIy S e e a0 R A
# & 1t DB R iz
J7 M -0.02 0.00 0.07 0.22% 0.22% 0.23* 0.09 0.54* 0.18* -0.26%
o3l 0.06 -0.07 0.10 0.30%* 0.27* 0.26* 0.14 0.45* 0.17* -0.27*
Wity 0.01 -0.02 -0.01 0.21* 0.23* 0.30%* 0.20* 0.28* 0.16 -0.02
Ml -0.02 0.00 0.05 0.19% 0.20* 0.25% 0.08 0.52% 0.16 -0.21*
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Fig.8 (a) The average of surface wind fields corresponding to extensive pollution—inducing cyclones and (b) key land—sea regions
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Table 2 Spearman rank correlations between ozone
concentrations and local high—altitude meteorological

factors across 11cities within the GBA

il 200hPa  500hPa 700hPa 700hPa 850hPa 925hPa 925hPa
§ FEAE R EE OV il O WE UK U
JTM -0.28* 0.10 -031* -0.43* -0.23* 0.52% 0.20*
wH -0.16* 0.10  -0.54* -0.41* —0.09 0.41* 0.28*
BRI -0.22%  0.18%  -0.56* -0.41* -0.25% 0.5  0.12
Wil -030%  0.16%  -0.29* -0.42%* -029% 0.38*% 0.24*
HM -0.24% 0.08 -0.41* -036* —0.02 0.50* 0.20*
KE -0.27* 0.07 -0.28* -0.34* -0.30* 0.50* 0.37*
il -0.32% 0.13  -0.47* -035%* -0.37* 025% 0.17*
YT -034%  021*%  -0.38% -0.36* -033* 007  0.04
HR -0.30%  0.23*%  -0.16% -0.42% -0.11 0.23*  0.20%
FH 007 0.09  -0.56* -0.34* 0.00 0.29% 0.29%
BT -0.11 0.08 -0.51* -0.22* 0.00 0.13 001
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Table 3 Predictive performance of the random forest

regression model for the 11 cities in the GBA

Wl iﬂﬁf‘é BEATL K153 U1 246 AR AR S
40 random state=1 random_state=2 random_state=3
R 0.901 0.866 0.865 0.877
J7H RMSE 18.73 23.28 22.80 21.60
TS 0.633 0.700 0.767 0.700
R 0.774 0.898 0.827 0.833
“wYl RMSE 29.39 29.52 31.65 30.19
TS 0.600 0.667 0.733 0.667
R 0.760 0.860 0.803 0.808
%k RMSE 30.19 26.61 28.67 28.49
TS 0.733 0.700 0.700 0.711
R 0.858 0.871 0.841 0.857
il RMSE 24.82 25.31 28.36 26.16
TS 0.667 0.633 0.567 0.622
R 0.863 0.815 0.826 0.835
H RMSE 27.27 27.39 26.91 27.19
TS 0.800 0.700 0.700 0.733
R 0.892 0.755 0.797 0.815
%58 RMSE 24.34 35.41 35.26 31.67
TS 0.833 0.600 0.600 0.678
R 0.892 0.846 0.808 0.849
il RMSE 32.29 32.83 39.10 34.74
TS 0.567 0.500 0.467 0.511
R 0.882 0.824 0.830 0.845
{I17 RMSE 33.89 34.51 31.84 33.41
TS 0.600 0.567 0.667 0.611
R 0.748 0.768 0.698 0.738
P RMSE 28.57 2731 27.48 27.79
TS 0.600 0.733 0.833 0.722
R 0.901 0.802 0.804 0.836
F#s RMSE 31.19 31.66 30.50 31.12
TS 0.700 0.700 0.600 0.667
R 0.684 0.611 0.577 0.624
1T RMSE 33.80 39.64 46.13 39.86
TS 0.800 0.667 0.700 0.722
M R 0.832 0.811 0.789 0.811
K RMSE 28.59 30.32 31.70 30.20
X
T¥ TS 0.685 0.652 0.667 0.668
fE
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