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Nonlinear Response Characterlstlcs and Control Scheme for Ozone ﬁnd Its

Precursors Based on Orthogonal Experlmental Methods \

LI Guang -yao CHEN Qiang* , GUO Wen‘ k?},, ZI;IANC Rui-xin, XIA Jla -qi | ) -
(Key Ldbordtory for Seml Arid Climate Chdng& of the Mmlstry of Education, College of Atmospherlc Sciences, Ldnzhou Umvermty‘,'
Lanzhou 730000 Chlna) 4 f ;‘ ‘ )

Abstract; There is a hlghly nonlinear relatlon,shlp betwejen ozone concentrations Andsits precursor emissions in different regions and at
dlffer‘@nt times , which makes developing éffective prevention and control measures difficult. An orthogonal experimental method was
intiodhiced to assess the influence of ozone precursors and” t'}.1_<_3,11"’r interactions on ozone formation, clarify the sensitivity of ozone
generationFand propose an optimal control scheme. Bagéd on the WRF-Chem air quality model and an emission inventory of air
pollutants‘in Wuhai City in 2018, this study used an ozone pollution event in the Haibowan urban area ( August 17 to 20 2018) to
investigate the nonlinear response of ozone formation to its precursors. The orthogonal experiment shows that NO,_, VOCs interactions
with CO, CO, and interactions between pollutants and meteorological factors are the main factors affects ozone concentrations in the
Haibowan urban area. Ozone generation was most sensitive to NO_ concentrations during the hours 12:00-18 ;00 when standard values
were exceeded. The ozone concentrations decreased significantly by 12.6 ug-m™ (7.8% ) as NO,, VOCs, and CO were reduced by
60%, 30%, and 30%, respectively. Through the analysis of chemical reaction mechanisms, it is concluded that VOCs and CO affect
the photochemical reaction by reacting with -OH, HO,- and other free radicals, which causes the significant interaction between VOCs
and CO in the generation of ozone. This method provides a new approach for researching the nonlinear response of ozone formation to its
precursors and for proposing ozone pollution control schemes.

Key words :ozone; orthogonal experiment; interaction; carbon monoxide(CO) ; WRF-Chem model
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Table 1~ Orthogonal experimental design table and experimental results Ac-O5/pg-m~

. o ] e Ac-04

K®dlgms NO,  voGs NO,xVOCs €O NO, x CO VOCs x CO = H3 T LuE BuE
1 0.8 0.7 1 0.7 1 1 1 -6.40 -4.40 -4.70
2 0.8 0.7 1 0.4 2 2 2 0. 69 2.65 0.42
3 0.8 0.4 2 0.7 1 2 2 -3.61 -1.58 -2.71
4 0.8 0.4 2 0.4 2 1 1 -1.77 -0.74 -2.68
5 0.4 0.7 2 0.7 2 1 2 -13.86 -10.43  -13.41
6 0.4 0.7 2 0.4 1 2 1 -4.99 -2.57 -5.57
7 0.4 0.4 1 0.7 2 2 1 -6.84 -4.90 -7.40
8 0.4 0.4 1 0.4 1 1 2 -12.68 -10.63 -14.04
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Table 2 Range analysis results of the orthogonal experiment/pg-m~

®2 EXHBWMESTER/pgom™’

3

e MEBE UL N ZR K-, A AR I8 Al 3 i A 3%

i H NO, VOCs NO, x VOCs co NO, x CO VOCs x CO 25 151
71-K, —11.1 -24.6 -25.2 -30.7 -27.7 -34.7 -20.0
72- K, -4.1 -14.8 -17.3 -21.3 -19.2 -26.2 -12.6
73- K, -9.7 -23.3 -25.7 -28.2 -27.0 -34.8 -20.4
71-K, -38.4 -24.9 -24.2 -18.8 -21.8 -14.8 -29.5
72- K, -28.5 -17.9 -15.3 -11.3 -13.4 -6.4 -20.0
73- K, -40.4 -26.8 -24.4 -21.9 -23.01 -15.3 -29.7
71 2% 27.29 0.34 1. 00 11.97 5.90 19. 96 9.46
72 2% 24.45 3.10 1.95 10. 01 5.77 19. 80 7.38
73-W % 30. 74 3.57 1.35 6.35 3.94 19. 58 9.39

Z1-HFE F R
Z2-HEFER
Z3-HZE F R

RIS

NO, > VOCs x CO > CO > %5 (441l > NO, x CO >NO, x VOCs > VOCs

NO, > VOCs x CO > CO > %5 141 > NO, x CO > VOCs > NO, x VOCs

NO, > VOCs x CO > %5 [451] > CO > NO, x CO > VOCs >NO, x VOCs
VOCs(1)CO(1)NO (2)V

1) 278 VOCs Fil CO BHUER —AHEBOKT-(0. 7) . NO, BUEH ZAHEBOKT- (0. 4)
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