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Impact of physical and chemical processes in the atmospheric boundary layer on ozone pollution in Anhui Province. SUN
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Abstract: Based on multi-source environmental and meteorological observations combined with WRF-Chem numerical simulations,
the three-dimensional evolution of a typical ozone (Os) pollution episode in Anhui Province was comprehensively investigated. The
relative contributions of atmospheric physical and chemical processes, including chemical reactions, advective transport, and
turbulent mixing, to O3 concentration changes were quantified. The synergistic influence mechanism of these physical and chemical
processes, coupled with diurnal variations in atmospheric boundary layer (ABL) structures on surface O; pollution was also revealed.
During the pollution episode on June 1~3, 2022, three-quarters of the cities exceeded the national O; pollution standard, with O;
concentrations higher in the north and lower in the south, a pattern controlled by local meteorological conditions. This O; pollution
episode was influenced by the combined impact of two major source regions: North China Plain and Yangtze River Delta. In the
early stage, northwesterly airflow transported O; from North China Plain to northern Anhui, where local wind convergence, together
with unfavourable meteorological conditions of high temperature and low humidity, triggered severe Os pollution. In the later stage,
southeasterly winds prevailed, driving the northward transport of O; from Yangtze River Delta to Anhui and prolonging the pollution
period. The model results indicated that the diurnal variation of O3 budget showed a bimodal distribution, with turbulent mixing and
horizontal transport processes dominating the peaks at 09:00 and 17:00, respectively, and consequently delaying the O3 concentration
peak to 18:00. The influence of regional Oj; transport exhibited a temporal lag effect: during the daytime, transport within the ABL at
approximately 500m directly affected surface O; concentrations in adjacent areas; whereas at night, transport within the residual
layer at approximately 1km dominated, interacting with diurnal ABL variations, thus exacerbating Os pollution in distant downstream
areas.

Key words: ozone pollution; atmospheric boundary layer; regional transport; WRF-Chem; process analysis
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Fig.7 Hourly variations of observed (a, ¢) surface O3, CO, and NO, concentrations, (b, d) air temperature, total surface solar
radiation flux (SSR), and 10—m wind during O; pollution period in Bozhou and Ma’anshan
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Table 2 Averaged daytime (07:00~18:00) surface O3, CO, and NO, concentrations, air temperature, relative humidity, total surface

solar radiation flux (SSR), and 10-m wind speed during pollution period, and daily anomalies relative to case averages

il A FHIME SH31H 6 H1H 6 H2H 6 A3 H 6 H4H
03 (ug/m’) 96.61 29.06 —24.16 32.10 —7.90 —29.10
NO, (ug/m) 13.07 3.83 5.67 -3.61 —4.04 -1.85
CO (mg/m*) 0.75 —0.17 0.15 0.04 —0.08 0.06
gL T(C) 27.60 -0.88 0.08 237 -1.12 —0.46
RH (%) 65.83 —28.50 7.92 -6.75 10.75 16.58
SSR (x10°J/m?) 15.06 6.79 -2.01 6.00 -5.30 -5.49
WS (m/s) 3.70 1.74 -1.73 —0.30 0.99 —0.69
05 (ug/m’) 153.45 —6.69 25.85 3.80 6.83 —29.78
NO, (ng/m’) 10.19 -2.29 1.78 -1.37 2.19 -0.31
CO (mg/m’) 0.52 -0.13 0.03 -0.07 0.04 0.13
2N T(C) 31.14 —-2.02 0.12 1.55 1.60 -1.25
RH (%) 46.38 521 -3.55 -6.72 -1.96 17.45
SSR (x10°J/m?) 17.77 0.11 3.04 2.84 1.06 —7.04
WS (m/s) 3.18 —0.08 0.04 —1.03 1.15 —0.08
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Fig.8 Spatial distributions of MEIC emissions of (a) NO, and (b) VOCs in Anhui and surrounding regions on June, 2022
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Fig.9 Spatial distributions of simulated O3 concentrations (color shading) and wind vectors over Anhui province and surrounding
regions at 18:00 on June 1~3, 2022
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Fig.10  Vertical-latitude cross sections of simulated O3 concentrations (color shading) overlaid with zonal-vertical circulations
(vectors; zonal wind and 30 x vertical velocity) along the red lines in Fig. 9 at 00:00, 09:00, and 18:00 on June 1~3, 2022
W e R s KL e

M L REAH G DTk R A 25 SR B (R 3),061k
AR SR AR O3 IREEHE IN,05 I H LLAHY
A R D T R, SL TR 200pg/m’ RV T B
G EZ AT T O3 AR H il T 2L T
RPHERCE = (B 8) ek A Tk & AT s T
ZINHAPERI R 50ug/m®).6 H 2~3 H, K Pk
FRALE L 30 RN Ui B T 2 B AH S 1R B R AE A

U gl Dy FFSEIE vk H 1 H HRIE
140.70pg/m’), 14 R 7K P-4 128 558 3 K 1 B i 75
Jir 2 N, KPS (4 SRR R B AR B 5ik6 H 2
HAB 1A 204.59pg/m’), S T XA ok e 1
Ui 5 0 P B TR i i P 3 28 A i YA VR 15 P A
Ly 35z 1 LR 2 P RN ) A4 38 2R By — B0
STHR(BR 6 H 2 H =N uh B R 3 B R A



6522 LR 7 A & I 45 %

24.40pg/m’), K/ 2 4 38 B AL B AN O 3
[l O V5 Y434k R AEH.

& 50

£

o0

=

= 0

%f":

CUL50 1 [fb A VKT F U IR T 0 I
06-01 06-02 06-03
00:00 00:00 00:00

o 50F

E

2

= 0

%«7

C 50
06-01 06-02 06-03
00:00 00:00 00:00

1120224 6 J] 1~3 H LA ML O LI
NI RARAE A B GRS T SR iR S R
DURR{E
Fig.11 Hourly variations of O; budget and the contribution of
chemical processes, horizontal advection, vertical advection,
and turbulence mixing in (a) Ma’anshan and (b) Bozhou
during June 1~3, 2022.
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Table 3 Averaged daytime (07:00~18:00) and nighttime
(19:00~06:00 the following day) O; budget and the
contribution of chemical processes, horizontal
advection, vertical advection, and turbulence

mixing in Ma’anshan and Bozhou
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Fig.12  Vertical distributions of averaged daytime and nighttime contributions of chemical processes, horizontal advection, vertical

advection, and turbulence mixing to O3 budget in Ma’anshan and Bozhou during June 1-3, 2022.
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