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1. INTRODUCTION 
 

Ozone (O3) is a secondary air pollutant 

that frequently exceeds the World Health 

Organization’s Air quality guidelines in urban 

areas. Its proven toxicity to humans and 

adverse effects on crops and ecosystems are 

among its main undesirable effects (Zhang et 

al., 2019). The complex chemistry involved in 

O3 formation makes reducing its levels 

challenging (Monks et al., 2015). However, the 

capabilities of third-generation air quality 

models (AQM) make it possible to project 

changes accurately after variations in the 

emission rates of its main precursors. O3 

levels in the Mexico City Metropolitan Area 

(MCMA) frequently surpass 152 ppb, leading 

to the declaration of environmental 

emergencies. The present study evaluates 

feasible reductions in precursor emissions 

based on factual cases of VOC and NOx 

reductions observed in different study cases 

(Matsumoto et al., 2015; Vega et al., 2021), 

providing insights into the goals that policies 

should aim for better air quality management 

in the MCMA.  

 

2. METHODS 
The MCMA lies in the central valley of 

Mexico at 2240 m above sea level, framed by 

a mountain range with a narrow gap in the 

southern part. It is the most extensive urban 

area of the country and home to important 

industrial areas. The complex geography and 

the emissions rates trigger high levels of 

pollutants all year round. 

The simulated scenarios were selected 

based on actual reductions observed in 

different study cases. For VOC, the reductions 

achieved in Japan by implementing the “best 

mix policy” was the reduction target. The 

drops observed during the lockdowns due to 

the covid-19 pandemic were set as the target 

reduction for NOx emissions. Three scenarios 

were simulated besides the base case: a 40% 

reduction in the VOC emissions from area 

sources (V40), a 40% reduction in the NOx 

emissions from mobile sources (N40), and a 

combination of both (N40V40). 

The evaluation of the scenarios was 

performed using an up-to-date regional air 

quality model. Coupling the Weather 

Research Forecast (WRF) model for the 

meteorological data, the High-Elective 

Resolution Modelling Emission System for 

Mexico (HERMES-Mex) for allocation and 

speciation of the emissions datasets, and the 

Community Multiscale Air Quality Modeling 

System (CMAQ) for performing the air quality 

simulations.  

The WRF simulations were executed in 

four domains (D1-D4), and for CMAQ in two 

nested domains (D3-D4). The innermost 

domain (D4) had a spatial resolution of 1x 1 

Km, covering the MCMA with 121 x 151 grid 

cells. The National Emission Inventory of 

Mexico was used as input data for D3, and the 

Emission Inventory for Mexico City was used 

for D4. The simulations were set in April 2019; 

during this period, the MCMA experienced 

several extreme ozone concentrations that 

forced the local government to declare 

environmental contingencies. 

The model performance was evaluated 
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by comparing the modeled data in the base 

case with ground observations. The ozone 

differences were calculated between the 

scenarios and the base case. Additionally, 73 

points categorized as urban, suburban, and 

rural were compared. A sensitivity analysis 

using H2O2 to HNO3 ratios was conducted in 

the 73 points.  

 

3. RESULTS AND ANALYSIS 
 

The validation disclosed that O3 levels 

were accurately reproduced by the model, 

with correlation coefficients above 0.8 in all the 

compared points. The O3 changes (Fig. 1) 

showed that reducing VOC emissions from 

area sources by 40% would lead to a 

generalized decrease in O3 levels with 

decreased values up to 25 ppb. Reducing by 

40% the NOx emissions from mobile sources 

would cause an O3 increase in all D4 domain 

with upturns of 15 ppb in the urban core. 

Mixing reductions in the emissions of both 

precursors does not achieve significant 

decreases in the O3 levels.  

 

Figure 1. Ozone differences between the N40 

(a), N40V40 (b), V40 (c), and the base year. 

 

The level of attainment of the air quality 

standard for ozone significantly increased 

when reducing VOC emissions (Table 1), 

proving that the best approach would be to 

focus on controlling VOC emissions to reduce 

O3 levels in the MCMA. 

 

Table 1. Descriptive statistics of the ozone 

levels in the simulated scenarios 

 

 

 

 

The sensitivity analysis using H2O2/HNO3 

ratios reinforced the simulation findings, 

indicating that VOC emissions rule ozone 

formation in MCMA. The lower ratios suggest 

that the formation of HNO3 by reaction with 

NO2 is the main sinking path for HOx radicals, 

typically observed in NOx-saturated conditions. 

 
 
4. CONCLUSIONS 

The evaluation using CMAQ showed a 

viable path for improving air quality in the 

MCMA. Since VOC emissions rule O3 

formation, the best strategy to decrease O3 

levels is focusing on controlling VOC sources. 

Approaching the issue with a mix of voluntary 

efforts and regulations for large VOC emitters 

has effectively achieved significant reductions 

in Japan. A similar approach would be 

suggested for the MCMA, mainly when VOC 

emissions are not regulated.  
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