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Abstract. Photochemical mechanisms are core components of air quality models, yet 12 

differences among them can introduce substantial uncertainty in tropospheric ozone (O3) 13 

simulations. We compared three mechanisms (CB06, SAPRC07, and RACM2) using 14 

CMAQ during an O3 pollution episode in Chengdu, China. A customized volatile 15 

organic compound (VOC) emission inventory was developed for RACM2. RACM2 16 

and SAPRC07 produced comparable O3 levels (94.8-96.1 ppbv) with better 17 

performance at high-NOx urban site, whereas CB06 simulated lower O3 (~80 ppbv) and 18 

performed better at low-NOx site. Inter-mechanistic differences in O3 formation were 19 

mainly associated with RO2 + NO reactions, consistent with larger variability in RO2 20 

than in HO2, while O3 loss differences mainly arose from OH + NO2 and O3 + alkene 21 

reactions. Differences in primary ROx production were most evident in carbonyl 22 

photolysis, whereas termination differences mainly involved RONO2 formation and 23 

peroxy-radical self- and cross-reactions. Mechanism-dependent discrepancies were 24 

more pronounced at high-NOx urban site. Despite these discrepancies, the three 25 

mechanisms exhibited a broadly consistent photochemical framework, with O3 26 

formation dominated by RO2 + NO and ROx termination shifting from NOx-dependent 27 

pathways at high-NOx urban site toward peroxy-radical reactions at low-NOx suburban 28 

site. Sensitivity analysis showed O3 was most sensitive to anthropogenic aromatics and 29 

alkenes at urban site and relatively more sensitive to biogenic VOCs at suburban site, 30 

although response magnitudes remained mechanism dependent. These findings 31 

demonstrate that mechanism choice substantially affects O3 formation and precursor 32 

sensitivities, emphasizing the need for multi-mechanism approaches to improve model 33 

reliability and support emission control strategies. 34 

  35 
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1 Introduction 36 

Ozone (O3) is a potent oxidant in the atmosphere, playing a key role in the oxidation of trace gases in the 37 

troposphere. However, the high concentrations of surface O3 represent a significant environmental and 38 

public health challenge, as they are known to cause serious harm to human health and vegetation 39 

(Ashmore, 2005; Li et al., 2025b). Tropospheric O3 is also a significant greenhouse gas because of 40 

radiative effect (Kuai et al., 2017; Li et al., 2018). Due to its impacts on air quality and climate change, 41 

O3 has received sustained attention from the scientific community and policymakers over the past 42 

decades. In China, despite substantial reductions in many primary air pollutants in recent years, surface 43 

O3 concentrations have remained persistently high and have even increased in some regions and periods  44 

(Fu et al., 2020; Han et al., 2024; Huang et al., 2021; Liu and Wang, 2020; Nelson et al., 2024; Yan et al., 45 

2024). This contrasting response of O3 concentrations to emission reductions is closely related to the 46 

highly nonlinear photochemical dependence of O3 formation on its major precursors, nitrogen oxides 47 

(NOx = NO + NO2) and volatile organic compounds (VOCs). 48 

Although tropospheric O3 is generated by NO2 photolysis (Dickerson et al., 1982), its net production of 49 

O3 was governed by the coupling between the NOx cycle and ROx cycle, where ROx denotes the sum of 50 

hydroxyl radicals (OH), hydroperoxyl radicals (HO2), and organic peroxy radicals (RO2) (Tan et al., 2019; 51 

Wang et al., 2017). Representative reactions involved in these coupled cycles are summarized in Table 52 

S1 and a simplified schematic O3 formation mechanism and coupling of NOx cycle and ROx cycle was 53 

shown as Fig. S1. Due to this coupled NOx-ROx cycle involves highly nonlinear photochemical reactions, 54 

accurately simulating O3 formation remains challenging. Given the limitations of field observations and 55 

laboratory experiments in capturing the regional-scale spatial distributions, temporal variabilities, and 56 

the associated formation and transport processes of O3, air quality models have become essential tools 57 

for quantitatively understanding O3 formation mechanisms and evaluating emission control strategies. 58 

The accuracy of regional air quality model simulations of O3 are influenced by emission inventories, 59 

meteorological inputs, grid resolution, boundary conditions and atmospheric chemical mechanisms (Gao 60 

and Zhou, 2024; Du et al., 2026). Among these factors, gas-phase chemical mechanism is one of main 61 

sources of the model uncertainties (Gao and Zhou, 2024), which plays an important role in determine the 62 

chemical reactions rates governing O3 formation and loss pathways (Yu et al., 2010). Since the first 63 

tropospheric chemical mechanism was proposed in the 1960s (Friedlander and Seinfeld, 1969), extensive 64 
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researches on atmospheric chemical mechanisms has been conducted over the past few decades. The 65 

commonly used atmospheric photochemical mechanisms include the Master Chemical Mechanism 66 

(MCM) (Jenkin et al., 2015), Carbon Bond Mechanism (CBM) (Luecken et al., 2019), Statewide Air 67 

Pollution Research Center mechanism (SAPRC) (Carter, 1996), and Regional Atmospheric Chemistry 68 

Mechanism (RACM) (Goliff et al., 2013). From the perspective of chemical species, these photochemical 69 

mechanisms are generally classified as explicit or lumped mechanisms (Dodge, 2000). An explicit 70 

reaction mechanism includes all species involved in a chemical reaction, while a lumped reaction 71 

mechanism groups together species with similar chemical properties. Given the high computational 72 

demands of explicit reaction mechanisms, lumped chemical mechanisms such as CBM, SAPRC and 73 

RACM are the mainstream choices in the air quality models. These schemes utilize two distinct lumping 74 

approaches: structural classification (i.e., carbon-bond or functional groups, such as CBM) and 75 

reactivity-based classification (such as SAPRC and RACM). 76 

The CBM classified by carbon-bond structures is the most widely applied chemical mechanism in air 77 

quality modeling studies for its low computational cost and the relative ease of obtaining emission 78 

inventories (Liu et al., 2023). Since it was first released in 1980 (Whitten et al., 1980), the CBM has 79 

retained its core carbon-bond lumping strategy while undergoing successive developments, with the 80 

latest CB6 series as its most recent advancement, in response to evolving research demands. However, 81 

the representation of RO2 chemistry in CBM remains highly lumped, employing a single generic 82 

surrogate (e.g., XO2) to approximate the collective reactivity of structurally diverse alkyl peroxy radicals, 83 

while a few key species (e.g., toluene peroxy radical, acetylperoxy radical) are treated explicitly (Zaveri 84 

and Peters, 1999). The simplified peroxy radical chemistry may reduce the efficiency of radical chain 85 

propagation and lead to lower O3 formation (Simonaitis et al., 1997). Unlike the highly lumped CBM, 86 

the SAPRC mechanism classifies organic species according to their OH reactivity, features the detailed 87 

description of reactions involving specific VOCs and provides a more mechanistically explicit treatment 88 

of peroxy radical (Carter, 2010b; Carter et al., 2025). And SAPRC mechanism achieves a deliberate 89 

balance between computational efficiency and chemical complexity through its chemical operator 90 

approach (Carter, 2010b; Carter, 2010a). However, although this chemical operator method offers 91 

advantages in computational efficiency, it sacrifices chemical specificity in distinguishing RO2 radicals 92 

derived from specific VOC precursors and thereby impedes the accurate quantification of RO2 production 93 
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attributable to individual precursor VOCs. The RACM mechanism is similar to that of the SAPRC 94 

mechanism, albeit with different criteria for classification by OH reactivity (Goliff et al., 2013; Stockwell 95 

et al., 1997). It was developed based on the Regional Acid Deposition Model versions (RADM and 96 

RADM2) with substantial improvements in representation of alkene chemistry compared to RADM 97 

(Stockwell et al., 1997; Goliff et al., 2013; Stockwell et al., 1990) . It was subsequently updated to 98 

RACM2 to further revise the oxidation pathways of isoprene, terpenes, and aromatic compounds (Goliff 99 

et al., 2013). The RACM mechanism preserves the carbon structure of emitted species, explicitly 100 

simulates individual peroxyl radicals, and minimizes reliance on lumped species which are often referred 101 

as operators for radical cycle. These attributes make RACM2 particularly well-suited for comparison 102 

with observational data, ensure transparency in the mapping of emission inventories, and provide 103 

flexibility for modification and further expansion, while maintaining computational efficiency 104 

comparable to that of SAPRC mechanisms and suitable for regulatory applications.  105 

Previous mechanism intercomparisons suggested that the selection of photochemical chemistry can 106 

substantially affect simulated O3 and oxidant levels (Gupta and Mohan, 2015; Kitayama et al., 2019; Li 107 

et al., 2025a; Shareef et al., 2022). CBMZ produced less O3 overestimation than RACM in WRF/Chem 108 

simulations over Delhi (Gupta and Mohan, 2015). Over Japan, mechanism-dependent O3 differences 109 

reached 10 ppbv, with CB05TUCL generally lower than SAPRC07TC and RACM2 close to 110 

SAPRC07TC (Kitayama et al., 2019). Similarly, SAPRC07 and RACM2 yielded higher summer O3 than 111 

CB6R3 in Alberta, accompanied by OH increases of about 30% and 100%, respectively (Shareef et al., 112 

2022). Li et al. (2025a) also reported that SAPRC07 outperforms CB06 in predicting peak O during 113 

exceedances in the Great Bay Area in China, due to the more detailed VOC treatment in SAPRC07. 114 

Moreover, a recent comparative study using box models has demonstrated that CB06 and SAPRC07 both 115 

tended to underestimate OH than RACM2, which may subsequently lead to lower O3 production (Liu et 116 

al., 2023). Considering the availability of compatible emission inventories, three-dimensional air quality 117 

simulations in China have relied primarily on CBM and SAPRC-family mechanisms, whereas RACM 118 

has been largely used in box-model analyses (Liu et al., 2023). The limited use of RACM in three-119 

dimensional models leaves its effects on simulated O3 difficult to assess, although mechanism 120 

intercomparison studies have shown that photochemical chemistry choices can substantially affect O3 121 

simulations. Despite these advances, the influence of different photochemical mechanisms on three-122 
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dimensional O3 simulations over China remains poorly constrained, and systematic evaluations of the 123 

resulting uncertainty are still scarce (Huang et al., 2025; Liu et al., 2023). 124 

Chengdu, a megacity in southwest China, covers a total area of about 14,335 km2, and the resident 125 

population was more than 20 million in 2025. In recent years, the total gross domestic product (GDP) of 126 

Chengdu was increasing rapidly, around 2.35 trillion dollars CNY in 2024 (available at 127 

https://www.sc.gov.cn/, in Chinese). It is designated as a major regional center in western China, and 128 

expected to become one of the economic centers in western China. It features dense urban population, 129 

advanced industry and the highest car ownership in China, leading to high intensity of anthropogenic 130 

emissions (Wang et al., 2022; Zhou et al., 2019). Affected by the terrain of the unique deep basin and 131 

unfavorable meteorological conditions (Shu et al., 2021; Zhang et al., 2019), O3 and its precursors in 132 

Chengdu are prone to accumulate and further intensify chemical recycling in the local atmosphere (Wang 133 

et al., 2024; Tan et al., 2018). During 2022-2024 year, the 90th percentile of the maximum daily 8-hour 134 

average (MDA8) O3 concentration in Chengdu (https://sthj.chengdu.gov.cn/) was 168-181 μg/m3, 135 

continuously exceeding the secondary standard of the Ambient Air Quality Standard (GB3095-2012). 136 

Therefore, sustained investigation into the photochemical formation mechanisms and mitigation 137 

frameworks for O3 pollution in Chengdu is imperative. A more profound understanding and mechanistic 138 

discrepancies under varying NOx conditions within this region is essential for refining model evaluation 139 

and enhancing the reliability of predictive simulations. 140 

To assess the uncertainties associated with gas-phase photochemical mechanisms under varying NOx 141 

conditions, we simulated an O3 episode in Chengdu from August 9 to 18, 2019 using the Community 142 

Multiscale Air Quality (CMAQ) model (Byun and Schere, 2006) with three chemical mechanisms (CB06, 143 

RACM2 and SAPRC07). A mechanism-specific VOC emission inventory was additionally developed 144 

for RACM2 through species mapping to ensure consistent representation of precursor emissions across 145 

the simulations. We systematically compared the three mechanisms in terms of simulated O3 and key 146 

photochemical species, O3 budgets, ROx cycle, and O3 sensitivities to precursor emissions under high-147 

NOx urban and low-NOx suburban conditions. This study helps to profoundly understand the difference 148 

among the photochemical mechanisms and identify the key drivers of O3 formation under varying NOx 149 

condition, and benefits the mechanism selection for provide scientific and the formulation of precise 150 

emission control strategies. 151 
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2 Data and methods 152 

2.1 Site descriptions and observational data 153 

 154 
Figure 1 (a) Land-use types in Chengdu and surrounding areas. The light blue and dark blue triangles indicate the 155 

locations of the Sichuan Academy of Environmental Sciences (SAES) site and Xinjin (XJ) sites, respectively. (b) 156 

Distribution of NOx, NO2 and NO concentrations at the SAES site and XJ site during the pollution episode. NOx is 157 

defined as the sum of NO and NO2. The units of concentrations are in ppbv. The box plots present the 10th, 25th, 158 

50th, 75th, and 90th percentiles of the concentrations individually. 159 

Chengdu, located in southwestern China, features a heterogeneous landscape that transitions from dense 160 

urban environments to peripheral croplands and woodlands (Fig. 1a). To investigate mechanistic 161 

discrepancies under varying NOx conditions, we conducted in-situ field observations at two contrasting 162 

sites during an O3 pollution episode from August 9 to 18, 2019. The Sichuan Academy of Environmental 163 

Sciences (SAES) site, situated in urban core, represents a typical high-NOx environment. Conversely, the 164 

Xinjin (XJ) site, characterized by more extensive vegetation cover, represents a relatively low-NOx 165 

suburban environment. During this O3 episode, the concentrations of NOx at SAES were significantly 166 

higher than those at XJ (Fig. 1b), reflecting a sharp urban-suburban emission gradient. 167 

Hourly meteorological parameters and trace gases were obtained. The meteorological parameters 168 

included wind speed at 10 m (WS10M), temperature at 2 m (T2M) and relative humidity (RH). The trace 169 

gases include O3, NOx, isoprene (ISOP), nitric acid (HNO3) and nitrous acid (HONO) at the urban site 170 

(SAES), and O3, NOx, HONO, ISOP, and formaldehyde (HCHO) at the suburban site (XJ). The details 171 

of instruments for measuring trace gases are summarized in Table S2. Furthermore, hourly concentrations 172 

of atmospheric radicals (OH and HO2) were measured at the XJ site using the Peking University laser-173 
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induced fluorescence system (PKU-LIF). This system, which utilizes the fluorescence assay by gas 174 

expansion (FAGE) technique (Fuchs et al., 2008), has been widely applied to high-fidelity radical 175 

measurements in field campaigns cross China (Lu et al., 2012; Tan et al., 2017). Details of the LIF system 176 

used in this study are provided by Yang et al. (2021). Network monitoring hourly O3 and NO2 data were 177 

obtained from the China National Environmental Monitoring Center (https://air.cnemc.cn:18007/). 178 

Detail location information of the monitoring sites is as shown in the Table S3. 179 

2.2 WRF-CMAQ Modeling 180 

The CMAQ (version 5.5) simulations were performed using two-way nested domains, consisting of a 27 181 

km outer domain covering China and a 3 km inner domain focused on the Chengdu Plain (Fig. S2). Three 182 

photochemical mechanisms were evaluated using their respective gas-phase and aerosol modules: 183 

cb6r5_ae7_aq (Luecken et al., 2019), saprc07tic_ae7i_aq (Xie et al., 2013) and racm2_ae6_aq (Sarwar 184 

et al., 2013), representing the CB06, SAPRC07, and RACM2 photochemical mechanisms, respectively. 185 

Meteorological forcing was provided by the Weather Research & Forecasting Model (WRF) version 4.6, 186 

with specific physics configurations detailed in Table S4. Biogenic emissions were prepared using the 187 

Model of Emissions of Gases and Aerosols from Nature version 3.2 (Guenther et al., 2012)， while 188 

anthropogenic emissions were derived from the Multi-resolution Emission Inventory for China (MEIC) 189 

(Zheng et al., 2018; Li et al., 2017; Geng et al., 2024). To address discrepancies in VOC species across 190 

mechanisms, different mapping strategies were employed. While VOCs emissions for SAPRC07 are 191 

directly obtained by the MEIC inventory, those for CB06 were derived by mapping from the CB05 and 192 

SAPRC07 schemes following the methodology described in Huang et al. (2023). To ensure inter-193 

mechanistic consistency, a customized VOC emission inventory for RACM2 was specifically 194 

constructed through species mapping based on the MEIC database (see Section 2.3 and Table 1 for 195 

details). A summary of the VOCs inputs for all three mechanisms is provided in Table S5-S7. For each 196 

simulation, a 3-day spin-up period was utilized to minimize the influence of initial conditions.  197 

To quantify the reaction rates of individual chemical reaction or combinations of chemical reaction, the 198 

Integrated Reaction Rate (IRR) analysis module of CMAQ was employed. This diagnostic tool allows 199 

for a detailed assessment of the influence of specific chemical pathways on O3 concentrations. Moreover, 200 

to identify key primary precursor emission driving O3 formation, the Decoupled Direct Method in Three 201 

Dimensions (DDM-3D) module in CMAQ was used to calculate the sensitivities of O3 to NOx and 202 

https://air.cnemc.cn:18007/
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primary VOC emission. CMAQ-DDM-3D can directly calculate the first-order sensitivity of pollutant 203 

concentrations to emission changes, eliminating the need for re-simulations and greatly reducing 204 

computational costs and simulation uncertainties (Cohan et al., 2005; Dunker, 1984; Dunker et al., 2002; 205 

Napelenok et al., 2006; Napelenok et al., 2008). 206 

The WRF simulation was evaluated against meteorological observations of T2M, RH and WS10M at the 207 

SAES and XJ sites. The corresponding time series was shown in Figure S3-S5 and model performances 208 

were quantified using several statistical metrics, including correlation coefficient (R), mean bias (MB), 209 

root-mean-square error (RMSE), and gross error (GE). The definitions and calculation formulas for these 210 

metrics are provided in Table S8, and the corresponding evaluation results are summarized in Table S9. 211 

The WRF simulation generally captured the observed variations in  T2M and RH, with correlation 212 

coefficients ranging from 0.81 to 0.93. The RMSE for WS10M (1.4–1.6 m s−1) were below the commonly 213 

benchmark of 2.0 m s−1 recommended by (Emery and Tai, 2001). Moreover, compared to previous studies 214 

(T2M: 2.8 ≤ RMSE ≤ 3.3 K; RH: 14.3% ≤ RMSE ≤ 16.2% and 11.0% ≤ GE ≤ 12.6%; WS10M: 0.5 m 215 

s−1 ≤ MB ≤ 1.1 m s−1 and 1.8 m s−1 ≤ RMSE ≤ 2.3 m s−1) over SCB in summer (Qiao et al., 2019), the 216 

statistical indices of T2M (2.2 K ≤ GE ≤ 3.1 K), RH (10.6% ≤ RMSE ≤ 12.6% and 8.1% ≤ GE ≤ 10.3%) 217 

and WS10M (-0.3 m s−1 ≤ MB ≤ 0.9 m s−1 and 1.4 m s−1 ≤ RMSE ≤ 1.6 m s−1) in this study was closer to 218 

observation. Overall, the simulated meteorological fields provided a reasonable basis for the subsequent 219 

CMAQ simulations. 220 

2.3 Development of a customized emission inventory for RACM2 221 

To evaluate the performance of the RACM2 mechanism in simulation atmospheric photochemical 222 

pollution, we developed a customized VOC emission inventory. This was necessitated by the fact that 223 

the mainstream MEIC database does not directly provide anthropogenic VOC emissions tailored for 224 

RACM2. Consequently, we constructed this inventory through species mapping, leveraging existing 225 

MEIC data for other chemical mechanisms including CB05, SAPRC99, SAPRC07, and RADM2. The 226 

detailed mapping protocols are summarized in Table 1. Moreover, the conversion of RADM2_XYL to 227 

RACM2_XYM, RACM2_XYP, and RACM2_XYO was informed by sector-specific proportions of 228 

these species in established VOC emission profiles (Sha et al., 2021). 229 

 230 

 231 
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Table 1 Mapping of VOC emission species from other chemical mechanisms to RACM2 in the MEIC inventory. 232 

RACM2 Species 
MEIC 

Inventory Species 
Factor Description 

ACD SAPRC99_CCHO 1 Acetaldehyde 

ACE SAPRC07_ACYE 1 Acetylene 

ACT SAPRC07_ACET 1 Acetone 

ALD SAPRC99_RCHO 1 C3 and higher aldehydes 

API CB05_TERP 1 
Alpha-pinenes and other cyclic 

terpenes with one double bond 

BALD SAPRC07_BALD 1 
Benzaldehyde and other aromatic 

aldehydes 

BEN SAPRC07_BENZ 1 Benzene 

CSL SAPRC99_CRES 1 
Cresol and other hydroxy 

substituted aromatics 

EOH CB05_ETOH 1 Ethanol 

ETE RADM2_OL2 1 Ethene 

ETH RADM2_ETH 1 Ethane 

GLY RADM2_GLY 1 Glyoxal 

HC3 RADM2_HC3 1 

Alkanes, esters and alkynes with 

OH rate constant (298 K, 1 atm) 

less than 3.4×10-12 

HC3 SAPRC07_ACYE -1 

Alkanes, esters and alkynes with 

OH rate constant (298 K, 1 atm) 

less than 3.4×10-12 

HC5 RADM2_HC5 1 

Alkanes, esters and alkynes with 

OH rate constant (298 K, 1 atm) 

between 3.4×10 -13 and 6.8×10-

12 

HC8 RADM2_HC8 1 

Alkanes, esters and alkynes with 

OH rate constant (298 K, 1 atm) 

greater than 6.8×10-12 

HCHO RADM2_HCHO 1 Formaldehyde 

ISO RADM2_ISO 1 Isoprene 

KET RADM2_KET 1 Ketones 

MACR SAPRC07_MACR 1 Methacrolein 

MEK SAPRC07_MEK 1 Methyl ethyl ketone 

MGLY RADM2_MGLY 1 
Methylglyoxal and other alpha-

carbonyl aldehydes 

MOH SAPRC07_MEOH 1 Methanol 

MVK RADM2_MVK 1 Methyl vinyl ketone 

OLI RADM2_OLI 1 Internal alkenes 

OLT RADM2_OLT 1 Terminal alkenes 

ORA1 RADM2_ORA1 1 Formic acid 
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ORA2 RADM2_ORA2 1 Acetic acid and higher acids 

PHEN SAPRC99_PHEN 1 Phenol 

TOL RADM2_TOL 1 
Toluene and less reactive 

aromatics 

UALD SAPRC07_IPRD 1 Unsaturated aldehydes 

XYM RADM2_XYL / M-xylene 

XYP RADM2_XYL / P-xylene 

XYO RADM2_XYL / O-xylene 

 233 

2.4 Analytical framework for O3 budget 234 

In the troposphere, photolysis of NO2 produces NO and O(3P) atom, which subsequently reacts with O2 235 

to form O3 (Dickerson et al., 1982). In the absence of other chemical species, newly formed O3 can 236 

rapidly react with NO and regenerate NO2, resulting in a closed cycle with no net O3 accumulation (R1-237 

3 Table S1). However, in the real atmosphere, other key oxidizing agents such as HO2 and RO2 in the 238 

troposphere can also oxidize NO to NO2 (Monks, 2005). The combination of these reactions (R1-2 and 239 

R11-12 in Table S1) lead to net O3 production in the troposphere (Tan et al., 2018). Following this 240 

mechanism, the gross O3 formation rate (F(O3)) given approximately by the rate at which the HO2 and 241 

each RO2 species 𝑖  oxidize NO to NO2 is calculated using Equation (1), where k represents the 242 

bimolecular reaction rate constant. 243 

𝐹(𝑂3) = 𝑘[𝐻𝑂2,𝑁𝑂][𝐻𝑂2][𝑁𝑂] + ∑ 𝑘[𝑅𝑂2 ,𝑁𝑂]
𝑖

𝑖

𝑘[𝑅𝑂2 ,𝑁𝑂][𝑅𝑂2]𝑖[𝑁𝑂]  (1) 

Conversely, O3 loss pathways include O3 photolysis to O(1D) (followed by the reaction of O(1D) with 244 

water vapor) and ozonolysis of alkenes, and reactions with OH and HO2. Additionally, the reaction of 245 

NO2 with OH, which effectively removes NOx from the cycle by forming HNO3, is also accounted for 246 

one of the O3 loss pathways. The total O3 destruction rate (D(O3)) is determined by Equation (2). 247 

𝐷(𝑂3) = 𝑗𝑂(1𝐷)[𝑂3] × 𝑓𝑎𝑐 + 𝑘[𝑂3 ,𝐴𝑙𝑘𝑒𝑛𝑒𝑠][𝐴𝑙𝑘𝑒𝑛𝑒𝑠][𝑂3] + 𝑘[𝑂3 ,𝑂𝐻][𝑂3][𝑂𝐻]

+ 𝑘[𝑂3 ,𝐻𝑂2][𝑂3][𝐻𝑂2] + 𝑘[𝑁𝑂2 ,𝑂𝐻][𝑁𝑂2][𝑂𝐻] 

𝑓𝑎𝑐 =
𝑘[𝑂(1𝐷),𝐻2𝑂][𝐻2𝑂]

(𝑘[𝑂(1𝐷),𝑂2][𝑂2] + 𝑘[𝑂(1𝐷),𝑁2][𝑁2] + 𝑘[𝑂(1𝐷),𝐻2𝑂][𝐻2𝑂])
 

(2) 

It noted that the first term for O3 photolysis in Equation (2) is only including the reaction of O(1D) with 248 

H2O to generate OH, which leads to net O3 loss. Other O(1D) loss channels (e.g., quenching by N2 or O2) 249 
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regenerate O3 through O(3P) + O2 and thus have no net effect on O3 destruction, resulting in that they are 250 

excluded from this term accordingly. 251 

Consequently, the net O3 production rate P(O3) is defined as the difference between the gross O3 252 

formation rate and the O3 destruction rate, as shown in Equation (3). 253 

𝑃(𝑂3) = 𝐹(𝑂3) − 𝐷(𝑂3) (3) 

2.5 Analytical framework for ROx radical budget 254 

The ROx radical budget is determined by the initial and termination reactions. The main sources of 255 

primary ROx radicals that initiate the ROx cycle include the O(1D) channel of O3 photolysis, and 256 

photolysis of HONO, HCHO, and other carbonyls, as well as the ozonolysis of alkenes (Zhou et al., 2024; 257 

Yang et al., 2021; Xue et al., 2016; Wang et al., 2017), shown as in R4-R7 in Table S1. The production 258 

rate of primary ROx radicals is calculated as Equation (4). 259 

 260 

𝑃(𝑅𝑂𝑥) = 𝜑𝑂𝐻𝑗𝑂(1𝐷)[𝑂3] + 𝑗𝐻𝑂𝑁𝑂[𝐻𝑂𝑁𝑂] + 2𝑗𝐻𝐶𝐻𝑂[𝐻𝐶𝐻𝑂]

+ ∑ 𝜑𝑖
𝑅𝑂𝑥

𝑖

𝑗𝑖[other carbonyls𝑖]

+ ∑(𝜑𝑂𝐻
𝑖 + 𝜑𝐻𝑂2

𝑖 + 𝜑𝑅𝑂2

𝑖 )𝑘[𝑎𝑙𝑘𝑒𝑛𝑒,𝑂3]
𝑖 [𝑎𝑙𝑘𝑒𝑛𝑒]𝑖[𝑂3]

𝑖

 

𝜑𝑂𝐻 = 2 ∙
𝑘[𝑂(1𝐷),𝐻2𝑂][𝐻2𝑂]

(𝑘[𝑂(1𝐷),𝑂2][𝑂2] + 𝑘[𝑂(1𝐷),𝑁2] [𝑁2] + 𝑘[𝑂(1𝐷),𝐻2𝑂][𝐻2𝑂])
 

(4) 

𝜑𝑂𝐻 in the first term for O3 photolysis in Equation (4) is the yield of OH from the reaction of 𝑂(1𝐷) 261 

with H2O. 𝜑𝑂𝐻
𝑖 , 𝜑𝐻𝑂2

𝑖 , and 𝜑𝑅𝑂2

𝑖  are the yields of OH, HO2, and RO2 radicals, respectively, generated 262 

in the ozonolysis of each alkene species 𝑖 with O3. 𝜑𝑖
𝑅𝑂𝑥  denotes the yield of primary ROx radicals 263 

from photolysis of other carbonyls species 𝑖. 264 

The termination reactions of ROx cycle are governed by the reactions of OH with NOx, RO2 with NO to 265 

form organic nitrate and the self-reaction among peroxy radicals (R14-20 in the Table S1). It removes 266 

radicals or NOx and prevents the explosive of ROx radicals in the atmosphere. The destruction rate of 267 

ROx radicals is calculated as Equation (5). 268 

𝐷(𝑅𝑂𝑥) = 𝑘[𝑂𝐻,𝑁𝑂2][𝑂𝐻][𝑁𝑂2] + 𝑘[𝑂𝐻,𝑁𝑂][𝑁𝑂][𝑂𝐻] 

+𝜑𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑛𝑖𝑡𝑟𝑎𝑡𝑒𝑘[𝑅𝑂2,𝑁𝑂][𝑁𝑂][𝑅𝑂2] 

(5) 
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+2 ∙ 𝑘[𝑅𝑂2 ,𝑅𝑂2][𝑅𝑂2][𝑅𝑂2] + 2 ∙ 𝑘[𝑅𝑂2 ,𝐻𝑂2] [𝑅𝑂2][𝐻𝑂2] + 2 ∙ 𝑘[𝐻𝑂2 ,𝐻𝑂2][𝐻𝑂2][𝐻𝑂2] 

𝜑𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑛𝑖𝑡𝑟𝑎𝑡𝑒  in the third term for the formation organic nitrate (RONO2) of in Equation (5) is the yield 269 

of organic nitrate from the reactions of RO2 with NO. 270 

The dominant termination reactions of ROx radicals vary under different NOx conditions. Under high 271 

NOx conditions, the terminations of the ROx and NOx cycles are primarily controlled by OH + NO2 and 272 

the organic-nitrate-forming branch of RO2 + NO, which sequester reactive nitrogen as HNO3 and RONO2, 273 

respectively. In contrast, under low NO conditions, the terminations of ROx cycle were mainly driven by 274 

the self-reaction of HO2, and cross-reactions between HO2 and RO2, which further produce hydrogen 275 

peroxide (H2O2) and organic hydroperoxides (ROOH). Therefore, the ratios of major products or its 276 

production rates from termination reactions, such as H2O2/HNO3, can provide a useful indicator of the 277 

prevailing radical-termination regime and the associated NOx chemical environment. Previous studies 278 

examined that the H2O2/HNO3 can be used as a robust indicator for determining O3 formation regimes 279 

(Wei et al., 2018; Liu et al., 2010; Cordiner et al., 2002). The classic threshold of H2O2/HNO3 separating 280 

the O3 formation regimes threshold range is [0.35, 0.65], whereas the threshold also varies with the region 281 

and season (Li et al., 2011; Wei et al., 2018; Xing et al., 2019). 282 

3 Results and discussion 283 

3.1 Inter-mechanistic evaluation of modeled O3 and key precursors 284 

3.1.1 Evaluation of inter-mechanistic O3 simulation 285 

 286 

Figure 2 Spatial distribution of maximum daily 8-hour average (MDA8) O3 concentration simulated by CB06, 287 

SAPRC07, and RACM2 mechanisms. The solid dots represent the mean site-observed MDA8 O3 concentrations at 288 

monitoring sites. 289 
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Fig. 2 illustrates the spatial distribution of MDA8 O3 concentrations simulated by the CB06, SAPRC07, 290 

and RACM2 mechanisms during the O3 pollution episode (9-18 August 2019). In general, the CB06 291 

mechanism simulated the lowest O3 concentrations, while the SAPRC07 and RACM2 mechanisms 292 

simulated higher, comparable levels with largely consistent spatial patterns. Specifically, the regional 293 

mean MDA8 O3 for SAPRC07 and RACM2 in the Chengdu area were 96.1 ppbv and 94.8 ppbv, 294 

respectively, which were 16.1 and 14.8 ppbv higher than the 80.0 ppbv simulated by CB06. Compared 295 

with monitoring station observations, the MDA8 O3 concentrations simulated by SAPRC07 and RACM2 296 

in the Chengdu urban area were in better agreement with the observations, while those simulated by 297 

CB06 were significantly lower. In contrast, at suburban sites such as XJ, SAPRC07 and RACM2 tended 298 

to overestimate MDA8 O3, whereas CB06 simulated lower concentrations and showed better agreement 299 

with the observations. 300 

 301 

Figure 3 Performance statistics of hourly O3 simulated using CB06, SAPRC07, and RACM2 mechanisms at urban 302 

sites and suburban sites across Chengdu region. The statistical metrics, including mean fractional bias (MFB), 303 

mean fractional error (MFE), index of agreement (IOA) and correlation coefficient (R), are presented. MFB and 304 

MFE are given as percentages. The unit of MFB and MFE is percent (%). The box plots present the 10th, 25th, 305 

50th, 75th, and 90th percentiles of the statistical metrics individually. 306 

The performance of the three photochemical mechanisms in simulating O3 pollution was further 307 

evaluated using mean fractional bias (MFB), mean fractional error (MFE), index of agreement (IOA), 308 

and correlation coefficient (R) at both urban and suburban sites (Fig. 3). The specific calculation methods 309 

for the statistical metrics are presented in Table S8. The locations information of sites used in this statistic 310 
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analysis are provided in the Table S3. Statistical evaluation indicates that all three mechanisms met the 311 

established benchmarks for model performance (MFB < ±35%, MFE < 65%, R > 0.6, and IOA > 0.7) 312 

(Huang et al., 2025). However, the performances of the three gas-phase chemical mechanisms in 313 

reproducing O3 exhibited pronounced differences between urban and suburban environments . 314 

At urban sites, the three mechanisms tend to underestimate O3 concentrations, with the median MFB less 315 

than zero. Among them, CB06 demonstrated the largest negative bias (with a median MFB of -20.9%) 316 

with a wider range, while the MFB values for SAPRC07 (with a median MFB of -13.1%) and RACM2 317 

(with a median MFB of -12.5%) are similar. Meanwhile, CB06 shows higher MFE (median value of 318 

38.3%) and lower IOA (median value of 0.87), whereas SAPRC07 and RACM2 have smaller simulation 319 

errors (with median MFE values of around 37%) and better agreement (with median IOA values of 320 

around 0.89). The R values across the three mechanisms display similarity, with median values of around 321 

0.8. 322 

At suburban sites, the MFB values of the three mechanisms were similar and were overall slightly greater 323 

than zero (median values of around 5%), suggesting these mechanisms overestimate O3 concentration. 324 

However, the MFE of CB06 (median value of 31%) was lower than those of SAPRC07 and RACM2 325 

(median MFE values of around 34%), and its IOA (median value of 0.92) is also significantly higher than 326 

those of the other two mechanisms (median IOA values of around 0.89). The R values of the three 327 

mechanisms are all close to 0.86, with very small differences. Overall, at suburban sites, CB06 showed 328 

better agreement with observed O3, whereas SAPRC07 and RACM2 have similar simulation pattern. In 329 

addition, the smaller spread of the statistical metrics at suburban sites among the three mechanisms also 330 

suggests that inter-mechanistic differences in O3 simulation performance were less pronounced under 331 

low-NO suburban than high-NO urban conditions. 332 

In general, the impact of gas-phase chemical mechanisms on the performances of simulating O3 varied 333 

markedly between urban and suburban sites. At urban sites, SAPRC07 and RACM2 mitigated the general 334 

underestimation of O3. At suburban sites, in contrast, all three mechanisms slightly overestimated O3, 335 

and the comparatively lower O3 concentrations simulated by CB06 resulted in closer agreement with 336 

observations. This discrepancies among the mechanisms for O3 simulation at urban and suburban sites 337 

were likely associated with the distinct NOx condition and dominant precursor species in urban and 338 

suburban environments. To comprehensively evaluate the performance of the three photochemical 339 
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mechanisms in simulating O3 pollution, further in-depth comparative analysis with other indicators is 340 

essential. 341 

3.1.2 Discrepancies in key photochemical intermediates under distinct NOx environments 342 

 343 

Figure 4 Distributions of simulated-to-observed concentration ratios for key photochemical species obtained with 344 

CB06, SAPRC07, and RACM2 mechanisms at the urban site (SAES) and suburban site (XJ). The analysis covers 345 

daytime hours (08:00-18:00 local time). The box plots present the 10th, 25th, 50th, 75th, and 90th percentiles of the 346 

ratios individually. The dashed horizontal line denotes a ratio of 1. 347 

The accuracy of simulation key photochemical species such as NO2, NO, HONO, ISOP, HCHO, and 348 

HNO3 is also one of the critical factors in evaluating the ability of different photochemical mechanisms, 349 

particularly under varying NOx concentrations. On the whole, all the three photochemical mechanisms 350 

significantly overestimated daytime NO2 concentrations at the urban site. At the suburban site, while 351 

SAPRC07 and RACM2 continued to exhibit notable overestimations, CB06 demonstrated superior 352 

agreement with observations (Fig. 4a, f). Specifically, at the urban site, the median simulated-to-observed 353 

NO2 ratios for SAPRC07, RACM2, and CB06 were 1.60, 1.54, and 1.46, respectively. In contrast, at the 354 

suburban site, SAPRC07 and RACM2 maintained higher biases with median ratios of 1.24 and 1.20, 355 

whereas CB06 yielded a near-perfect ratio of 1.01. The overestimation NO2 at the urban site in Chengdu 356 

is consistent with the findings of She et al. (2024). The possible reasons might be attributed that 357 

overestimation of NOx emission (Du et al., 2021) or inadequate representation of NO2 recycling pathways 358 

in the model (Luecken et al., 2019). 359 

The simulated NO exhibited a more pronounced site-dependent simulation bias than NO2 (Fig. 4b, g). At 360 

the urban site, the median simulated-to-observed NO ratios for CB06, RACM2, and SAPRC07 were 2.0, 361 
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1.8, and 1.6, respectively. These values indicated that all three mechanisms overestimated NO, with 362 

SAPRC07 showing the lowest median bias. At the suburban site, the corresponding median ratios were 363 

2.1, 2.2, and 1.9, respectively. The ratio distributions at the suburban site were also substantially broader 364 

and exhibited pronounced upper tails, reflecting greater variability and severe overestimation. Overall, 365 

SAPRC07 yielded the lowest median bias at both sites, although none of the three mechanisms eliminated 366 

the positive bias in NO simulations, particularly at the suburban site. Consistent with previous studies, 367 

the overall performance of current air quality models in simulating NO remains limited (Kaynak et al., 368 

2013). The bias may be associated with the uncertainties of emission inventories (Pennington et al., 2024) 369 

and the effects of numerical diffusion on simulated chemical processes (Zhu et al., 2024). 370 

HONO, an important primary source of OH, plays a key role in atmospheric oxidation chemistry and the 371 

formation of secondary pollutants (Tan et al., 2017; Tan et al., 2026). Therefore, accurately representing 372 

HONO in air quality models is essential for reliably simulating atmospheric photochemistry and 373 

secondary pollution. Unlike the simulated NOx concentrations, HONO concentrations were substantially 374 

underestimated by all three photochemical mechanisms at both the urban and suburban sites (Fig. 4c, h). 375 

The underestimation may be partly related to missing HONO sources in the current modeling framework, 376 

including direct emissions (e.g., soil emissions (Wang et al., 2021; Wang et al., 2025b), vehicles (Trinh 377 

et al., 2017) and biomass combustion (Cui et al., 2021)), heterogeneous processes (e.g., heterogeneous 378 

reactions of NO2 on aerosols and ground (Xuan et al., 2025; Zhang et al., 2021)) and nitrate photolysis 379 

(Scharko et al., 2014; Ye et al., 2017). Notably, although the underestimations were particularly 380 

pronounced at the suburban site, inter-mechanistic discrepancies were larger under urban environment. 381 

Specifically, the median ratios of simulated-to-observed HONO at the urban site were 0.40 (RACM2), 382 

0.38 (CB06) and 0.32 (SAPRC07), whereas at the suburban site, they dropped to 0.21, 0.19, and 0.18, 383 

respectively. RACM2 exhibited the smallest overall HONO underestimation among the three 384 

mechanisms. The substantial negative biases across all mechanisms highlight the need for improved 385 

representation of HONO sources and chemistry in CMAQ. 386 

We further evaluated the simulation performance of ISOP, a key precursor originating from biogenic 387 

volatile organic compounds (BVOCs), across the three mechanisms. Similar to HONO, all the three 388 

chemical mechanisms systematically underestimated ISOP concentrations at both sites (Fig. 4d, i), with 389 

the pronounced negative biases at suburban site. These discrepancies may arise from a combination of 390 
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factors, including underestimated anthropogenic isoprene sources (e.g., vehicle isoprene emission (Park 391 

et al., 2011)), uncertainties in biogenic emission associated with coarse-resolution land-use data (Wang 392 

et al., 2025a), and uncertainties in the representation of ISOP oxidation chemistry (Von Kuhlmann et al., 393 

2004). 394 

HNO3 is a primary product of radical chain termination, particularly in high-NOx environments. Overall, 395 

the simulated HNO3 concentrations across all three chemical mechanisms were anomalously higher than 396 

observations at the urban site, with median simulated-to-observed ratios ranging from 9.13 to 10.27. The 397 

RACM2 exhibited the most pronounced bias, yielding a median ratio of 10.27 (Fig. 4e). The 398 

overestimations may be associated with the previously noted positive bias in NO2, which enhances the 399 

OH + NO2 reaction and consequently accelerates the production of HNO3. 400 

HCHO is predominantly produced from the atmospheric oxidation of VOCs and represents an important 401 

primary source of ROx radicals through photolysis. Previous studies have shown that HCHO photolysis 402 

can contribute approximately 10%–34% of primary ROx production in China (Lu et al., 2013; Tan et al., 403 

2017; Tan et al., 2019; Xue et al., 2016), highlighting the importance of accurately representing HCHO 404 

in air quality models for characterizing radical chemistry and atmospheric oxidation capacity. SAPRC07 405 

showed the closest agreement with observations, with a median simulated-to-observed HCHO ratio of 406 

0.51, compared with 0.42 and 0.41 for RACM2 and CB06 (Fig. 4j). This behavior is broadly consistent 407 

with previous modeling studies reporting substantial negative biases in simulated HCHO, including those 408 

using CB05 and MCM, which have been linked in part to uncertainties in the representation of isoprene 409 

oxidation chemistry (Marvin et al., 2017). 410 

3.1.3 Comparisons in spatial-temporal ROx radicals 411 

OH, HO2, and RO2 radicals are key components of atmospheric oxidation chemistry, mediating radical 412 

cycling and O3 formation. Their concentrations can serve as important metrics for assessing atmospheric 413 

oxidation capacity. To quantify inter-mechanistic differences in radical chemistry, we compared the 414 

spatial distributions of simulated OH, HO2, and RO2 across the region and examined their diurnal 415 

variations at the XJ site (Fig. 5). 416 
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 417 

Figure 5 Spatial distributions and diurnal variations of OH, HO2 and RO2 concentrations simulated by CB06, 418 

SAPRC07, and RACM2 mechanisms. Maps show the mean regional distribution at 14:00 local time. The right-hand 419 

panels show diurnal variations at the suburban XJ site. The dark blue triangle marks the location of the XJ site. 420 

Generally, the three chemical mechanisms generally exhibited similar spatial distribution patterns for 421 

OH, HO2, and RO2 radicals, with comparable locations of high- and low-concentration regions across 422 

Chengdu (Fig. 5). For specific, the high-value region of OH concentrations across Chengdu region are 423 

mainly concentrated around the main urban area, while the a low-value region in the urban center. The 424 

response characteristics of OH to NOx concentrations are consistent with the distinct response patterns 425 

of OH concentration to varying NO levels across urban, forest, and marine environments revealed by 426 

Tan et al. (2026). The low OH concentration zone in heavily polluted urban may result from the reaction 427 

of OH and NO2, which is an important loss process for OH in urban (Ehhalt et al., 1990). In contrast to 428 

the spatial distribution of OH, HO2 exhibited a pronounced minimum over central Chengdu, with 429 

substantially higher concentrations in the surrounding areas. This urban HO2 depletion may be attributed 430 

to elevated NO levels. Under high-NO conditions, the reaction of HO2 with NO becomes a major HO2 431 

loss pathway (Tang et al., 2006), leading to rapid HO2 consumption and consequently lower HO2 432 
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concentrations in the urban core than in the surrounding suburban areas. Across all three mechanisms, 433 

the spatial distribution of RO2 closely mirrors that of HO2.  434 

Despite broadly consistent spatial patterns, the three mechanisms exhibited substantial differences in 435 

simulated radical concentrations and associated model performance. For OH, the RACM2 simulated the 436 

highest regional mean concentration (1.8 × 10⁷ molecules cm-3), compared with 1.5 × 10⁷ and 1.4 × 10⁷ 437 

molecules cm-3 for CB06 and SAPRC07, respectively. Consistently, the diurnal profiles at the XJ site 438 

further showed that RACM2 produced substantially higher daytime OH peaks than the other two 439 

mechanisms. This pattern is broadly consistent with previous studies reporting that CBM and SAPRC 440 

tend to predict lower OH levels than RACM2 (Liu et al., 2023). However, comparison with in situ 441 

observations at the XJ site indicates that all three mechanisms overestimated the observed peak OH 442 

concentrations, with the largest positive bias occurring in RACM2. This OH overestimation may enhance 443 

the OH + NO2 reaction and consequently contribute to excessive HNO3 production, particularly in 444 

RACM2, which also showed the largest positive HNO3 bias (Fig. 4e). In contrast to the OH behaviors, 445 

SAPRC07 produced the highest daytime HO2 peaks at the XJ site, corresponding to the simulated highest 446 

mean HO2 concentration (10×108 molecules cm-3), followed by CB06 (9.4×108 molecules cm-3) and 447 

RACM2 (9.1×108 molecules cm-3). This feature coincided with the higher simulated-to-observed HCHO 448 

ratio for SAPRC07 (Fig. 4j). Because HCHO photolysis is one of important primary sources of HO2 449 

radicals, the enhanced HCHO abundance in SAPRC07 may partly contribute to its higher simulated HO2 450 

concentrations. For RO2 radicals, the CB06 mechanism yielded a regional mean RO2 concentration of 451 

8.2×108 molecules cm-3, markedly lower than the 9.2×108 and 9.7×108 molecules cm-3 simulated by 452 

RACM2 and SAPRC07, respectively—a gap of approximately 11%-16%. And the diurnal variations 453 

further confirm that CB06 yields lower RO2 peak concentrations compared to RACM2 and SAPRC07. 454 

Overall, the spatial distributions suggest greater inter-mechanistic variability in radical concentrations 455 

over the high-NOx urban area than over the surrounding regions, pointing to stronger mechanism 456 

dependence of radical chemistry under urban conditions. Moreover, the relatively similar simulated HO2 457 

levels and the substantially larger inter-mechanistic differences in RO2 suggest that the differences in O3 458 

formation may be largely related to variations in simulated RO2 abundance rather than HO2. 459 
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3.2 Budget analysis of O3 formation and loss pathways 460 

 461 

Figure 6 O3 formation and loss rates (ppbv h-1) simulated by CB06, SAPRC07 and RACM2 mechanisms at the 462 

urban site (SAES) and suburban site (XJ). The black curve plotted with circle markers represents the net O3 463 

production rate. The analysis covers daytime hours (08:00 to 18:00 local time). 464 

To analyze inter-mechanistic discrepancies in O3 production, we evaluated mean diurnal reaction rates 465 

for O3 formation and loss pathways (Fig. 6). Clear inter-mechanistic differences were found in the 466 

simulated net O3 production rate P(O3), at both sites, with a consistent ordering of RACM2 > SAPRC07 > 467 

CB06. Specifically, P(O3) values for RACM2, SAPRC07, and CB06 were 31.0, 29.6, and 25.0 ppbv h-1 468 

at the urban site and 17.6, 17.4, and 15.1 ppbv h -1 at the suburban site, respectively. The inter-mechanistic 469 

differences in P(O3) were more pronounced under the high-NOx urban conditions than at the suburban 470 

site. 471 

A similar inter-mechanistic pattern was found for the gross O3 formation rates, which were 40.1, 37.0, 472 

and 32.5 ppbv h-1 for RACM2, SAPRC07, and CB06 at the urban site and 22.1, 21.5, and 19.0 ppbv h-1 473 

at the suburban site, respectively. Further decomposition of gross O3 formation into the two major 474 

pathways, HO2 + NO and RO2 + NO, revealed a somewhat larger inter-mechanistic spread in the RO2 + 475 

NO pathway, particularly at the urban site. At the urban site, the HO2 + NO reaction rates were 18.1, 17.5, 476 
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and 14.7 ppbv h-1 for RACM2, SAPRC07, and CB06, respectively, decreasing to 9.9, 10.0, and 477 

8.5 ppbv h-1 at the suburban site. The corresponding RO2 + NO reaction rates were 22.0, 19.5, and 478 

17.8 ppbv h-1 at the urban site and 12.2, 11.5, and 10.5 ppbv h-1 at the suburban site. The relatively small 479 

inter-mechanistic spread in HO2 + NO reaction rates are broadly consistent with the similar HO2 levels 480 

(Fig. 5d-f, k). In contrast, the larger spread in RO2 + NO reaction rates among the mechanisms were 481 

consistent with the more pronounced inter-mechanistic differences in RO2 levels (Fig. 5g-i, l), suggesting 482 

the mechanism-dependent in RO2 and chemistry can contribute substantially to the inter-mechanistic 483 

variability in O3 formation. 484 

Clear inter-mechanistic differences were also found in the total O3 loss rates. At the urban site, the O3 485 

loss rates for RACM2, SAPRC07, and CB06 were 9.1, 7.4, and 7.5 ppbv h-1, respectively, while the 486 

corresponding values at the suburban site were 4.5, 4.1, and 3.9 ppbv h-1. RACM2 consistently simulated 487 

the strongest O3 loss at both sites and the inter-mechanistic spread was again larger under the high-NOx 488 

urban conditions. These inter-mechanistic differences in O3 loss rates were mainly associated with 489 

reactions of OH + NO2 and O3 + alkenes. The OH + NO2 reaction rates for RACM2, SAPRC07, and 490 

CB06 were 6.5, 5.4, and 5.6 ppbv h -1 at the urban site and 2.6, 2.2, and 2.2 ppbv h-1 at the suburban site, 491 

respectively. The largest OH + NO2 reaction rate in RACM2 is broadly consistent with the inter-492 

mechanistic differences in OH levels (Fig. 5a-c, j), particularly at the urban site, although differences in 493 

NO2 levels and kinetic parameters may also influence this pathway. Differences in O3 + alkenes were 494 

also apparent, especially at the urban site, where the corresponding rates for RACM2, SAPRC07, and 495 

CB06 were 1.2, 0.8, and 0.8 ppbv h -1, respectively. These differences likely reflect the mechanism-496 

dependent representation of alkene species and their reactivities toward O3. For example, the more 497 

reactive internal-alkene group in RACM2 (OLI, 2.58 × 10-16 cm³ molecule-1 s-1) has a higher O3 reaction 498 

rate constant at 298 K than the corresponding highly reactive alkene groups in SAPRC07 (OLE2, 1.27 × 499 

10-16 cm³ molecule-1 s-1) and CB06 (IOLE, 1.57 × 10-16 cm³ molecule-1 s-1). By comparison, the O3 + hν, 500 

O3 + OH and O3 + HO2 pathways showed relatively similar reaction rates among the three mechanisms 501 

at both sites. 502 

Overall, the three mechanisms showed clear differences in the magnitudes of both O3 formation and loss, 503 

with these discrepancies being more pronounced under the high-NOx urban conditions. RACM2 504 

generally simulated the highest net O3 production, along with the strongest O3 formation and loss rates, 505 
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whereas CB06 yielded the lowest net O3 production. The inter-mechanistic differences in O3 formation 506 

were primarily attributable to variations in the RO2 + NO pathway, particularly under high-NOx urban 507 

conditions, indicating a strong dependence of O3 formation on mechanism-specific RO2 chemistry. In 508 

comparison, differences in O3 loss rates among the mechanisms were primarily attributable to OH + NO2 509 

and O3 + alkenes pathways, while the O3 + hν, O3 + OH, and O3 + HO2 pathways showed relatively 510 

minor differences among the mechanisms. Despite these quantitative discrepancies, the three 511 

mechanisms reproduced a broadly consistent overall O3 chemical budget structure at both sites. The O3 512 

formation at both sites was dominated by RO2 + NO reaction, contributing more than 50%. O3 loss was 513 

primarily governed by the OH + NO2 reaction at both sites. At the suburban site, however, the 514 

contribution of this pathway decreased by approximately 14-19 percentage points, while O3 photolysis 515 

and the reactions of O3 with HO2 and OH became relatively more important. 516 

3.3 Mechanistic insights into ROx cycle 517 

3.3.1 Characterizing primary sources of ROx radicals 518 

 519 
Figure 7 Primary ROx production rates (ppbv h-1) simulated by CB06, SAPRC07 and RACM2 mechanisms at the 520 

urban site (SAES) and suburban site (XJ). The primary ROx production pathways include HONO photolysis, O3 521 

photolysis, alkene ozonolysis, HCHO photolysis, and photolysis of other carbonyls.  The analysis covers daytime 522 

hours (08:00 to 18:00 local time). 523 

The coupling between the NOx and ROx cycles promotes radical propagation and recycling, facilitating 524 

the conversion of NO to NO2 and net photochemical O3 production. Therefore, quantifying the budget 525 
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and cycling of ROx radicals is important for understanding mechanism-dependent differences in 526 

atmospheric oxidation capacity and O3 production. 527 

We further analyzed the primary ROx production (P(ROx)) at both sites (Fig. 7). These results 528 

demonstrated that P(ROx) was substantially higher at the urban site than at the suburban site. Specifically, 529 

P(ROx) values for RACM2, SAPRC07, and CB06 were 7.9, 6.9, and 7.0 ppbv h-1 at the urban site and 530 

5.0, 4.6 and 4.3 ppbv h-1 at the suburban site, respectively. RACM2 yielded the highest P(ROx) at both 531 

sites, and the absolute inter-mechanistic differences were more pronounced at high-NOx urban site 532 

(1.0 ppbv h-1) than at the low-NOx suburban site (0.7 ppbv h-1). 533 

Despite these quantitative differences, the three mechanisms showed a broadly consistent primary ROx 534 

source structure at both sites. At the urban site, HONO photolysis was the dominant primary ROx source, 535 

accounting for 29.2%–35.2% of P(ROx), consistent with the important role of HONO photolysis under 536 

polluted urban conditions reported by Zhou et al. (2024). The corresponding production rates were 2.3, 537 

2.1, and 2.5 ppbv h-1 for RACM2, SAPRC07, and CB06, respectively. The next largest contributions 538 

were from O3 photolysis (23.2%–24.0%) and photolysis of other carbonyl compounds (20.7%–26.3%), 539 

while HCHO photolysis and O3 + alkenes contributed 11.2%–16.3% and 7.9%–9.7%, respectively. 540 

Among these pathways, the most pronounced inter-mechanistic difference occurred in the photolysis of 541 

other carbonyl compounds. Its contribution reached 26.3% in RACM2, compared with 20.7%–22.5% in 542 

SAPRC07 and CB06, corresponding to production rates of 2.1, 1.6, and 1.4 ppbv h-1 for RACM2, 543 

SAPRC07, and CB06, respectively. The larger contribution and production rate of carbonyl-photolysis 544 

in RACM2 suggest that mechanism-dependent differences in the representation and photochemistry of 545 

carbonyl species may contribute to its enhanced primary ROx production under high-NO urban 546 

conditions. 547 

At the suburban site, O3 photolysis became the dominant primary ROx source, contributing 38.2%–40.5%. 548 

The next largest contributions were from HONO photolysis (19.9%–22.4%) and photolysis of other 549 

carbonyl compounds (18.5%–21.9%), while HCHO photolysis and O3 + alkenes accounted for 13.6%–550 

18.9% and 3.8%–4.6%, respectively. Compared with the urban site, the relative importance of the more 551 

mechanism-sensitive pathways, particularly carbonyl photolysis and O3 + alkenes, decreased, whereas 552 

O3 photolysis became more dominant and showed similar contributions among the three mechanisms. 553 

This increased contribution from O3 photolysis reduced the relative importance of VOC-dependent 554 
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primary radical sources in the P(ROx) and may partly account for the smaller inter-mechanistic 555 

differences in P(ROx) budget at the suburban site. Overall, the three mechanisms reproduced a broadly 556 

similar hierarchy of primary ROx sources, while the largest pathway-level discrepancies were associated 557 

with VOC- and carbonyl-related radical production, particularly under the high-NOx urban conditions. 558 

3.3.2 Termination mechanisms and radical fate in urban and suburban environments  559 

 560 

Figure 8 Radical chain termination reaction rates and H2O2-to-HNO3 ratio simulated by CB06, SAPRC07 and 561 

RACM2 mechanisms. Panels (a-f) show termination rates (ppbv h-1) at the urban site (SAES) and suburban site (XJ). 562 

Panel (g) compares the H2O2/HNO3 ratio between the two sites during daytime (08:00 – 18:00 local time). 563 

We further quantified the termination reaction rates of the ROx radical chain at both sites (Fig. 8). Overall, 564 

all three mechanisms consistently simulated substantially higher total ROx radical loss rates (L(ROx)) at 565 

the urban site than that at the suburban site, with large the inter-mechanistic differences under the high-566 

NOx conditions. 567 

At the high-NOx urban site, ROx termination was mainly driven by OH+NO2 to form HNO3, which 568 

accounted for 64.8%-66.3% of total termination. OH+NO contributed 16.9%-24.4%, while RONO2 569 

formation accounted for 6.9%-14.6%. Previous work also reported that ROx termination in Chengdu was 570 

dominated by reactions of OH with NOx (Tan et al., 2018). The relatively narrow range in the contribution 571 

of OH + NO2 among the three mechanisms indicates a broadly consistent representation of this dominant 572 
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termination pathway. In contrast, the contribution of RONO2 formation varied more widely among the 573 

three mechanisms (6.9%–14.6%). This variability may reflect differences in the representation of RO2 + 574 

NO branching and organic nitrate yields among the mechanisms. Thus, although the three mechanisms 575 

agreed on the dominant role of NOx-related termination at the urban site, they differed appreciably in the 576 

partitioning of RO2 toward RONO2 formation. 577 

In contrast, the ROx termination became more distributed across multiple pathways at the suburban site. 578 

Although OH + NO2 remained the largest individual ROx radical loss pathway, its contribution decreased 579 

to 47.0%–50.8%. Similar to the urban site, the relatively small spread in this contribution among the 580 

three mechanisms suggests that OH + NO2 remained comparatively consistent across mechanisms. 581 

Meanwhile, the relative contributions of peroxy-radical termination pathways increased, including HO2 582 

+ RO2 (13.1%–20.6%) and HO2 + HO2 (10.5%–13.4%). Among these pathways, HO2 + RO2 exhibited 583 

the largest inter-mechanistic variability, whereas the differences in HO2 + HO2 were comparatively 584 

smaller. The noticeable spread in HO2 + RO2 and HO2 + HO2 also highlights the increasing influence of 585 

mechanism-dependent peroxy-radical chemistry on ROx termination under lower-NOx conditions. 586 

These results indicate that the mechanisms differ not only in the overall magnitude of L(ROx) but also in 587 

the partitioning of radical termination among individual pathways. Under high -NOx urban conditions, 588 

the fractional contribution of RONO₂ formation to ROₓ termination varied appreciably among the three 589 

mechanisms., whereas under low-NOx suburban conditions, greater variability emerges in peroxy-radical 590 

termination, particularly through HO2 + RO2 and HO2 + HO2 reactions. This transition is consistent with 591 

the reduced relative importance of NOx-dependent ROx termination as NOx levels decreases, thereby 592 

increasing the influence of mechanism-dependent peroxy-radical chemistry on the ROx loss budget. 593 

The change in ROx termination chemistry is further supported by the H2O2/HNO3 ratio, which increased 594 

substantially from 0.24–0.33 at the urban site to 0.6–0.83 at the suburban site (Fig. 8g). Differences in 595 

H2O2/HNO3 among the three mechanisms also reflect their different partitioning between peroxide-596 

forming and NOx-related termination pathways. RACM2, SAPRC07, and CB06 yielded H2O2/HNO3 597 

ratios of 0.24, 0.33, and 0.27 at the urban site and 0.6, 0.83, and 0.7 at the suburban site, respectively. 598 

Despite these quantitative differences, all three mechanisms reproduced the same systematic increase in 599 

H2O2/HNO3 from the urban to suburban site, providing consistent evidence for a shift toward greater 600 

importance of peroxy-radical termination under lower-NOx conditions. 601 
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Overall, all three mechanisms reproduced a broadly consistent urban-to-suburban transition in ROx 602 

termination chemistry but differed in both the magnitude of total ROx loss and the relative importance of 603 

individual termination pathways. At the urban site, the predominance of NOx-related pathways reflects 604 

strong NOx-dependent radical termination under high-NOx conditions, with the larger inter-mechanistic 605 

variability in RONO2 formation, highlighting greater sensitivity to the treatment of organic nitrate 606 

chemistry. In contrast, the increased contribution of HO2 + HO2 and HO2 + RO2 at the suburban site 607 

enhances the influence of mechanism-dependent peroxy-radical chemistry on the ROx budget. Thus, the 608 

dominant source of inter-mechanistic variability in ROx termination shifts from organic-nitrate-related 609 

chemistry under high-NOx urban conditions toward peroxy-radical self- and cross-reactions under lower-610 

NOx suburban conditions. 611 

3.3.3 Propagation pathways: OH-initiated oxidation of primary VOC emission 612 

The OH-initiated oxidation of VOCs is one of the key propagation steps in the ROx cycle, generating 613 

RO2 radicals and triggering subsequent radical chain propagation reactions. In order to identify the key 614 

chemical drivers of the ROx cycle across varying NOx environments, we quantified the reaction rates of 615 

OH with major primary VOC emissions at urban and suburban site (Fig. 9). 616 

 617 

Figure 9 OH-initiated oxidation rates (ppbv h-1) of major primary VOCs simulated by CB06, SAPRC07 and RACM2 618 

mechanisms at the urban site (SAES) and suburban site (XJ). The analysis covers daytime hours (08:00 – 18:00 local 619 

time). 620 

Alkanes represent the most abundant VOC class in Chengdu, while alkenes and aromatics are the primary 621 

high-reactivity components of anthropogenic emissions (Deng et al., 2019; Tan et al., 2018). ISOP is also 622 
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an important BVOCs with high reactivity toward OH. Accordingly, we examined the OH-initiated 623 

reaction rates of these major anthropogenic and biogenic VOCs classes to characterize their respective 624 

roles in driving the ROx cycle. 625 

Across all the three mechanisms, OH-initiated oxidation rates of the major anthropogenic VOC classes 626 

were consistently higher at the urban site compared to the suburban site, revealing the more rapid OH-627 

initiated VOC oxidation at the urban site. At the high-NOx urban site, the OH-initiated VOC oxidation 628 

was primarily driven by anthropogenic volatile organic compounds (AVOCs). The OH + Aromatics 629 

reaction rates were the highest, reaching 2.9, 2.6, and 2.4 ppbv h-1 for RACM2, SAPRC07, and CB06, 630 

respectively, followed by OH + alkenes, with corresponding rates of 2.7, 2.5, and 2.3 ppbv h-1. In 631 

comparison, OH + alkanes exhibited lower reaction rates (1.3-2.0 ppbv h-1), while OH + isoprene (0.4–632 

0.5 ppbv h-1) was relatively less important under the urban conditions. These results indicate that 633 

anthropogenic aromatics and alkenes were the major VOC categories undergoing initial OH oxidation at 634 

the urban site, while also revealing appreciable quantitative differences among the three mechanisms. 635 

At the low-NOx suburban site, the OH + isoprene reaction exhibited the highest reaction rate among the 636 

major VOC classes (~1.1 ppbv h-1), whereas the OH reaction rates with aromatics, alkenes, and alkanes 637 

were 0.8–0.9, 0.9, and 0.6–0.7 ppbv h-1, respectively. Compared with the urban site, the greater 638 

contribution of isoprene indicates an increased importance of BVOCs in the initial OH-driven VOC 639 

oxidation at the suburban site, although oxidation of anthropogenic VOCs remained appreciable.  640 

The three mechanisms showed broadly consistent patterns among the major VOC classes but differed in 641 

the magnitude of OH-initiated oxidation, with larger inter-mechanistic discrepancies at the urban site. In 642 

particular, relatively large differences were found for OH + aromatics and OH + alkenes, whereas the 643 

corresponding differences among the mechanisms were smaller at the suburban site. The lower OH-644 

initiated oxidation rates simulated by CB06 for several major VOC classes are qualitatively consistent 645 

with its lower RO2 concentrations (Fig. 5g-i, l). However, this correspondence does not necessarily imply 646 

a direct causal relationship, because RO2 abundances are additionally controlled by mechanism-647 

dependent RO2 yields, branching, propagation, and termination chemistry. Moreover, the OH + VOC 648 

reaction rates also depend on simulated OH levels, VOC abundances, and reaction kinetics. Fig. 9 649 

characterizes mechanism-dependent differences in the initial VOC oxidation processes feeding the ROx 650 

cycle. However, variations in OH-initiated VOC oxidation alone do not directly reveal the relative 651 
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importance of individual VOC classes as O3 precursors. This issue is further examined in Section 3.4 652 

using sensitivity analysis, which quantifies the O3 response to individual VOC categories and assesses 653 

the consistency of the three mechanisms in identifying the dominant VOC precursors governing O3 654 

formation. 655 

3.4 Sensitivity of O3 to NOx and VOC emissions 656 

 657 

Figure 10 First-order O3 sensitivities (ppbv) to primary NOx emissions and major primary VOC emissions calculated 658 

by CMAQ-DDM-3D with CB06, SAPRC07, and RACM2 mechanisms. The comparison covers daytime (08:00 – 659 

18:00 local time) at the urban site (SAES) and suburban site (XJ). 660 

We further quantified the first-order sensitivities of O3 concentrations to anthropogenic emissions (NOx, 661 

aromatics, alkenes, and alkanes) and BVOCs using the CMAQ-DDM-3D with the three mechanisms 662 

(Fig. 10). The three mechanisms exhibited a broadly consistent pattern in the relative importance of major 663 

O3 precursors and in their urban-to-suburban transition. All three mechanisms simulated negative O3 664 

sensitivities to NOx emissions at both sites, with substantially larger negative responses at the urban site 665 

(−26.0 to −32.0 ppbv) than at the suburban site (approximately −5 ppbv) suggesting that NOx reductions 666 

would be associated with O3 increases in both environments, with a stronger response in the urban area. 667 

Among the VOC categories, anthropogenic aromatics and alkenes were associated with the highest O3 668 

sensitivities at the urban site, whereas BVOCs emissions showed the highest sensitivity at the suburban 669 
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site. Alkane emissions exhibiting relatively weak sensitivities at both sites. Specifically, at the urban site, 670 

the first-order sensitivity coefficients of O3 were 12.6–14.6 ppbv for aromatics, 6.6–8.5 ppbv for alkenes, 671 

3.8–5.3 ppbv for BVOCs, and 2.4–3.0 ppbv for alkanes. In contrast, at the suburban site, O3 showed the 672 

highest sensitivity to BVOCs (2.6–3.3 ppbv), followed by aromatics (1.9–2.0 ppbv) and alkenes (1.5–673 

2.0 ppbv), while alkanes remained the least influential (0.8–0.9 ppbv). The magnitude of the inter-674 

mechanistic differences also varied substantially among major precursor categories and between the two 675 

sites. At the urban site, the largest absolute spreads occurred for aromatics (~2.0 ppbv) and alkenes (~1.9 676 

ppbv), followed by BVOCs (~1.5 ppbv). In comparison, the corresponding spreads at the suburban site 677 

were substantially smaller, at approximately 0.1, 0.5, and 0.7 ppbv, respectively. These results indicate 678 

that mechanism-dependent variability in O3 precursor sensitivity was more pronounced under the high-679 

NOx urban conditions, particularly for the highly reactive anthropogenic aromatic and alkene classes, 680 

whereas the three mechanisms showed closer agreement under the lower-NOx suburban conditions. 681 

Despite these quantitative differences, all three mechanisms consistently identified the same major 682 

precursor categories and reproduced the shift from predominantly anthropogenic VOC sensitivity at the 683 

urban site to greater BVOC sensitivity at the suburban site. 684 

An important urban–suburban contrast was found for BVOCs. Although OH-initiated ISOP oxidation 685 

was faster at the suburban site (Fig. 9), the absolute first-order sensitivity of O3 to BVOCs emissions was 686 

greater at high-NOx urban site. This apparent contrast indicates that the influence of BVOCs oxidation 687 

on O3 formation depends not only on the initial oxidation rate but also on the subsequent fate of the 688 

resulting peroxy radicals under different NOx regimes. Under high-NOx urban conditions, a larger 689 

fraction of these peroxy radicals reacts with NO, efficiently converting NO to NO2 and sustaining radical 690 

propagation and O3 formation. In contrast, under low-NOx suburban conditions, RO2+RO2, RO2+HO2, 691 

and HO2+HO2 reactions become relatively more important (Fig. 8), favoring peroxide formation and 692 

radical termination and thereby reducing the efficiency with which BVOC oxidation contributes to O3 693 

production. Overall, the three mechanisms consistently capture the NOx-dependent shift in the role of 694 

major VOC precursors emissions, while their quantitative differences in O3 sensitivity reflect 695 

mechanism-dependent representations of VOC oxidation and subsequent peroxy-radical chemistry. 696 

4 Conclusions and implications 697 
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This study developed a customized VOC emission inventory for RACM2 and conducted a systematic 698 

inter-comparison of three photochemical mechanisms (CB06, SAPRC07, and RACM2) using CMAQ 699 

during an O3 pollution episode in Chengdu under contrasting NOx environments. The results show that 700 

chemical mechanism selection leads to substantial differences in simulated O3 levels and radical 701 

chemistry, particularly under high-NOx conditions. 702 

SAPRC07 and RACM2 simulated higher and comparable O3 concentrations (94.8-96.1 ppbv, MDA8) 703 

than CB06 (~80 ppbv, MDA8). This result is broadly consistent with previous mechanism 704 

intercomparisons (Kitayama et al., 2019; Shareef et al., 2022), which also reported that RACM2 and 705 

SAPRC07 yield similar O3 concentrations, while carbon-bond mechanisms produce lower values, with 706 

inter-mechanism differences reaching up to 10 ppb over Japan (Kitayama et al., 2019). Despite 707 

differences in simulated O3 concentrations, the three mechanisms exhibited a broadly consistent O3 708 

photochemical framework, with O3 formation dominated by the RO2 + NO pathway. The magnitude of 709 

inter-mechanistic differences variability, however, was strongly dependent on the NOx regime. 710 

Differences were more pronounced under high-NOx urban conditions, particularly in RO2-mediated O3 711 

formation, O3 loss chemistry, and primary ROx production, with part of the variability in P(ROx) 712 

associated with mechanism-dependent carbonyl photolysis. The ROx termination regime also shifted 713 

markedly from NOx-related pathways under urban conditions toward greater contributions from peroxy-714 

radical self- and cross-reactions under lower-NOx suburban conditions. Although this regime transition 715 

was reproduced consistently by all three mechanisms, the magnitude and partitioning of individual 716 

termination pathways remained mechanism dependent. These differences were mainly associated with 717 

RONO2 formation at the urban site, whereas HO2 + HO2 and HO2 + RO2 became more mechanism 718 

dependent at the suburban site. The accompanying increase in the H2O2/HNO3 ratio further supported 719 

the transition toward greater importance of peroxy-radical termination under lower-NOx conditions. 720 

Sensitivity analysis also revealed a broadly consistent regime-dependent pattern across the three 721 

mechanisms, with anthropogenic aromatics and alkenes dominating O3 sensitivity under high-NOx urban 722 

conditions and BVOCs becoming more important at the suburban site. Notably, O3 sensitivity to BVOC 723 

emissions was substantially greater under high-NOx urban conditions than at the lower-NOx suburban 724 

site, despite lower urban BVOC emissions. This contrast highlights the importance of NOx-dependent 725 

peroxy-radical fate in determining how efficiently VOC oxidation contributes to O3 formation. 726 
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Overall, these findings highlight that chemical mechanism uncertainty is strongly dependent on NOx 727 

regimes and is most pronounced under high-NOx conditions, underscoring the need for multi-mechanism 728 

ensemble simulations in air quality modeling. Furthermore, the clear urban–suburban transition in O3 729 

formation regimes suggests that emission control strategies should be spatially differentiated, with 730 

anthropogenic VOC emission reductions prioritized in urban cores. Although NOx emission reductions 731 

alone were simulated to increase O3 at both sites, the weaker response at the suburban site indicates 732 

spatial differences in the sensitivity of O3 formation to NOx controls. These findings highlight the need 733 

for coordinated reductions in NOx and VOC emissions tailored to local chemical regimes. Importantly, 734 

NOx not only directly regulates O3 formation but also modulates radical cycling and thus the effectiveness 735 

of VOC emission reduction, which should be explicitly considered in control strategies. Finally, the 736 

amplified role of BVOCs under high-NOx conditions highlights the importance of accounting for 737 

interactions between anthropogenic emissions and biogenic sources in future O3 mitigation, particularly 738 

under a warming climate with increasing BVOC emissions. 739 
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  f a c =     k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ]   (   k  [   O ( 1 D ) ,   O 2 ]  [   O 2 ] +   k  [   O ( 1 D ) ,   N 2 ]  [   N 2 ] +   k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ] )


  f a c =     k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ]   (   k  [   O ( 1 D ) ,   O 2 ]  [   O 2 ] +   k  [   O ( 1 D ) ,   N 2 ]  [   N 2 ] +   k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ] )


  P  (   O 3 ) = F  (   O 3 ) − D  (   O 3 )


  P ( R   O  x ) =   𝜑  O H   j    O ( 1 D )  [   O 3 ] +   j  H O N O  [ H O N O ] + 2   j  H C H O  [ H C H O ] +   ∑  i    𝜑  i  R   O  x   j  i  [   other   carbonyls  i ] +   ∑  i   (   𝜑  O H  i +   𝜑  H   O 2  i +   𝜑  R   O 2  i )   k  [ a l k e n e ,   O 3 ]  i    [ a l k e n e ]  i  [   O 3 ]


    𝜑  O H = 2 ∙     k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ]   (   k  [   O ( 1 D ) ,   O 2 ]  [   O 2 ] +   k  [   O ( 1 D ) ,   N 2 ]  [   N 2 ] +   k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ] )


    𝜑  O H = 2 ∙     k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ]   (   k  [   O ( 1 D ) ,   O 2 ]  [   O 2 ] +   k  [   O ( 1 D ) ,   N 2 ]  [   N 2 ] +   k  [   O ( 1 D ) ,   H 2 O ]  [   H 2 O ] )


    𝜑  O H


    O ( 1 D )


    𝜑  O H  i


    𝜑  H   O 2  i


    𝜑  R   O 2  i


  i


    𝜑  i  R   O  x


  i


  D ( R   O  x ) =   k  [ O H , N   O 2 ]  [ O H ]  [ N   O 2 ] +   k  [ O H , N O ]  [ N O ]  [ O H ]


  +     𝜑  O r g a n i c   n i t r a t e k  [ R   O 2 , N O ]  [ N O ]  [ R   O 2 ]


  +     𝜑  O r g a n i c   n i t r a t e k  [ R   O 2 , N O ]  [ N O ]  [ R   O 2 ]


  + 2 ∙   k  [ R   O 2 , R   O 2 ]  [ R   O 2 ]  [ R   O 2 ] + 2 ∙   k  [ R   O 2 , H   O 2 ]  [ R   O 2 ]  [ H   O 2 ] + 2 ∙   k  [ H   O 2 , H   O 2 ]  [ H   O 2 ]  [ H   O 2 ]


    𝜑  O r g a n i c   n i t r a t e  

