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Abstract: This study addresses the pressing issue of urban air pollution impact, emphasizing the need
for emissions control to ensure environmental equity. Focused on the Toluca Valley Metropolitan
Area (TVMA), this research employs air quality modeling to examine ozone, sulfur dioxide, nitrogen
dioxide, and carbon monoxide concentrations during three different periods in 2019. It quantitatively
assesses the performance of a state-of-the-art air quality model while evaluating the efficacy of a
No-Driving day mitigation measure program, similar to the one which is currently implemented
in Mexico City. Using an updated national emissions inventory for 2016, this study highlights
the model capability of representing ozone formation and shows that reducing mobile emissions
of key pollutants contributes to lowering downwind surface ozone levels, albeit with a minimal
local impact. The insights and tools from this work hold potential value for decision-making in the
broader Megalopolis context, aligning with global efforts to comprehend and mitigate urban air
pollution impacts.

Keywords: urban air pollution; ozone; WRF-chem; wildfires; emissions control; Toluca

1. Introduction

The Megalopolis of Central Mexico, which spans Mexico City and its five neighboring
states, concentrates around 33% of the national population and contributes to one third of
the national Gross Domestic Product (GDP) [1]. In 2015, a population growth was estimated
to have increased from approximately 27 million to 40 million people, with the metropolitan
areas of Mexico City, Toluca, Puebla-Tlaxcala, and Querétaro housing approximately 70%
of the inhabitants in the entire region. Due to its significance in the social and economic
dynamics of the country, urban growth in the region is expected to continue in the short-
and mid-term.

The Toluca Valley Metropolitan Area (TVMA), as part of the Mexico Megalopolis,
is among the top five largest cities nationwide. Its growing economic activity, coupled
with urban development and territorial expansion, is increasingly impacting the regional
environmental state. It has shifted from predominantly agricultural practices to a mix
of industrial, residential, and service-related activities, with the Toluca-Lerma industrial
corridor playing a crucial role in this transition [2]. These changes have impacted mobility,
where commuting distances have increased compared to other metropolitan areas, and
thus promoting peri-urban expansion to the west and northwest regions [3].

This growing multisectoral activity is reflected in the emissions of atmospheric pol-
lutants. According to the 2016 National Emissions Inventory [4], the TVMA annually
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releases approximately 75 Gg of pollutants into the atmosphere. Vehicle emissions play
the most significant role in contributing to carbon monoxide (CO), nitrogen oxides (NOx),
and volatile organic compounds (VOCs), accounting for 76%, 55%, and 12%, respectively.
These compounds are ozone precursors.

The 2019 Mexican national air quality report indicates that both Mexican environ-
mental standards and those recommended by the World Health Organization [5] continue
to be exceeded in other states as well. Specifically, the population in 35 metropolitan
areas, including the State of Mexico, Morelos, Jalisco, Hidalgo, Querétaro, and Monterrey,
among others, is frequently exposed to significant levels of ozone, coarse particles, and fine
particles [6].

These pollutants are short-lived climate forcers (SLCF) with significant impacts on the
acceleration of global climate change, especially tropospheric ozone and the black carbon
present in fine particles. In Toluca during 2019, around 20% of the days exceeded the
maximum permissible level of ozone in 1 h, and approximately 32% surpassed the 8-hour
average [6].

Due to the orographic characteristics of the region, the Toluca Valley shares an at-
mospheric basin with the Mexico City Metropolitan Area (MCMA) [3], influencing the
exchange of air masses with different chemical compositions. Depending on meteorological
conditions, a basin can export air masses of varying chemical composition to another basin
and can transition from an emitter to a receptor. An example of this behavior has been
observed in the exchange between Mexico City and Toluca basins through remote sensing
measurements of NO2 and formaldehyde (HCHO) columns [6].

The No-Driving Day (NDD) Program (Hoy No Circula) is a mitigation measure specific
for the mobile sector. In Mexico, it was first implemented in Mexico City in 1989, and
targeted one fifth of the total vehicle fleet. It has been modified in 1997, 2003, 2008, and
2015 to reflect the changes in new technologies (catalytic converter) and the vehicle age.
In 2008, the program was extended to operate on Saturdays [7]. On Sundays, the NDD
is not observed and all vehicles are allowed to circulate. However, the NDD increased
the vehicle fleet, since many car owners purchased another vehicle, which most of the
times were older and with different technology than the first car. Previous studies suggest
that this behavioral response might have diminished the efficacy of the NDD program to
improve air quality [8–10]. In Mexico, the NDD classifies vehicles based on model year
and technology and assigns a tag according to the plate ending number. This tag also
determines which days the vehicles are allowed to circulate. For example, a vehicle with a
license plate ending either in 3 or 4 cannot circulate on Wednesdays. Hybrid and electric
vehicles are exempted.

Even though Mexico City was one of the first urban areas to implement a NDD
program, similar restriction measures have been implemented worldwide. For instance,
Santiago (Chile), Sao Paulo (Brazil), and Bogotá (Colombia) implemented similar programs
in the 1990s [11]. As opposed to Mexico City, where the restrictions are imposed from 5 am
to 10 pm, in Sao Paulo and Bogotá, the restrictions are imposed only in weekdays in the
early morning and late evening [12].

On the other hand, there are very few studies related to the air quality of the TVMA.
Most of the work has been oriented to the Mexico City Metropolitan Area [3]. They have
mainly been experimental studies [13,14], statistical [15], public policy-oriented (CMM,
2014) and diagnostic [6]. Likewise, among the studies oriented toward modeling, studies
on air basins stand out [2,3]. The change in nitrogen dioxide and formaldehyde levels
as a result of the reduction in emissions due to the COVID-19 confinement was recently
evaluated [16]. Of the few air quality modeling studies, García-Reynoso et al. [17], identified
airsheds around the MCMA and estimated the influence of the TVMA on the MCMA in
ozone levels. However, none of the works explicitly address the photochemical modeling
of the TVMA for various periods in the year and for a particular emission source.

The contribution of this study consists of providing an initial assessment of the poten-
tial impact of a mitigation measure specific for the mobile sector in a metropolitan area in
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the Megalopolis. Specifically, an update to the No-Driving Day (NDD) (“Hoy No Circula”)
emission control program in the TVMA is investigated in terms of both local and regional
ozone levels. This imply that Toluca would be the second entity to implement a mitigation
measure of this kind in the Megalopolis. Thus, this work may contribute to air quality
modeling studies aimed to support the development of public policies and decision-making
resulting from changes in vehicular emissions in the TVMA and the Megalopolis, and it
may be of interest to similar contexts elsewhere.

2. Materials and Methods
2.1. Model Configuration

The WRF-chem v4.3.3 model [18] was used to conduct regional simulations for three
different periods representing the hot–dry and cold–dry seasons using a single 3 km
domain. The simulation domain covered the Megalopolis region in Central Mexico, and
included the northern part of Morelos State, and the western side of Mexico City Figure 1.
The first modeling period (P1) spanned from 4 to 6 January 2019. The second modeling
period (P2) spanned from 6 to 8 May 2019, and the third modeling period (P3) covered
from 13 to 15 October 2019. Each period had an additional spin up day and was discarded.
The selection of these modeling periods was based on recommendations from the local
monitoring network authority [19] in order represent the periods with elevated ozone
levels in different seasons and atmospheric conditions in the TVMA.

Figure 1. Simulation domain covered area. Toluca, State of Mexico capital located westward of
Mexico City.

The model used the 12 km North American Mesoscale Forecast System (NAM-NMM)
reanalysis for meteorological initial and boundary conditions. The model configuration
(Table 1) includes the Noah Land-Surface model [20], the RRTMG scheme for longwave
radiation [21], the Yonsei University planetary boundary layer scheme [22], the WSM5
microphysics scheme [23] and the topographical correction of surface winds in complex
terrain In addition, the single layer urban canopy model was included to account for
urban land-surface processes [24], and the Grell–Freitas cumulus scheme [25]. The RADM2
chemical mechanism [26] with the kinetic preprocessor (KPP) was used to solve the gas
phase chemistry.
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Table 1. WRF-Chem model configuration.

Parameterization Description

bl_pbl_physics Yonsei University Outline Boundary Layer Option
cu_physics Grell–Freitas Scheme
cu_rad_feedback Feedback from parameterized convection to radiation schemes
dust_opt AFWA Dust Scheme
mp_physics Microphysics option: five-class single-moment scheme
ra_lw_physics Long-wave Radiation: A New Version of RRTM

ra_sw_physics Goddard shortwave radiation: two-stream multiband scheme with
climatology ozone and cloud effect

sf_sfclay_physics Revised MM5 Monin–Obukhov scheme surface layer option
sf_surface_physics Noah’s Unified Land Surface Model Land Surface Option

topo_wind Topographic correction of surface winds to account for additional drag
from subgrid topography and enhanced flow on hilltops

sf_urban_physics UCM category option with surface effects for roofs, walls and streets
chem_opt RADM2 chemical mechanism using KPP

2.2. Monitoring Network

The monitoring network of the Toluca Valley Metropolitan Area is composed of six sta-
tions that are located along the urban area in Oxtotitlán (OX), Centro (CE), Ceboruco (CB),
San Cristóbal Huichochitlán (SC), Metepec (MT), and San Mateo Atenco (SM) (Figure 2).
It started operations in 1993, but most of the actual equipment operates since 2010. Each
station measures pollutants and meteorological variables using Teledyne API equipment
for gas phase species, Met-One BAM devices for particulate matter and Met-One and
Global WE instruments for meteorological variables. The measured pollutants include
carbon monoxide (CO), nitrogen monoxide (NO), nitrogen dioxide (NO2), ozone (O3), fine
and coarse particulate matter (PM2.5 and PM10), and sulfur dioxide (SO2). The meteorologi-
cal variables include wind direction, relative humidity (HR), atmospheric pressure (PA),
precipitation (PC), solar radiation (RS), ultraviolet radiation (RUV), temperature (TMP),
and wind speed (WV). The monitoring network has a quality assurance and quality control
system, ensuring that the obtained information is reliable. For this reason, relative humidity,
solar and ultraviolet radiation, atmospheric pressure and precipitation were not included
in this study.

Figure 2. Toluca air quality network.

2.3. Emissions

The regional modeling for the TVMA was conducted in two stages. In the first stage,
the mobile emissions were first calculated using a version of the MOVES emission model
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specific for Mexico. In the second stage, the resulting MOVES estimates were coupled
with the National Emissions Inventory for preparing the model-ready emission files to run
WRF-Chem. The Motor Vehicle Emission Simulator (MOVES) emission model [27] is a com-
prehensive and widely used traffic model developed by the United States Environmental
Protection Agency (EPA) [28]. This model is designed to estimate emissions from various
types of mobile sources, including cars, trucks, motorcycles, and buses covering a wide
range of criteria pollutants, greenhouse gases, and toxic pollutants. It requires MySQL
input files, which define the features of the circulating vehicle fleet, their activity, fuel type,
and climatic conditions. It employs algorithms that weigh all the emission factors based on
the input conditions to obtain the total emissions. It encompasses the tools, algorithms, and
data for its application in all vehicular emissions analyses associated with the development
of regulations, standards, inventories, and projections, both at regional and national levels.
MOVES-Mexico is the adaptation of the U.S. MOVES to fleet characteristics, vehicle activity,
atmospheric conditions, and fuel type specific for Mexico. The following sections describe
the procedure of these two stages.

2.3.1. No-Driving Day Emission Scenario

The mobile emissions inventory for the Toluca Valley Metropolitan Area (TVMA)
was first constructed for the base year 2019. We selected this year to avoid the massive
reductions observed during the COVID-19 pandemics. The baseline inventory included
particulate matter less than 10 and 2.5 micrometers (PM10 and PM2.5), sulfur dioxide
(SO2), carbon monoxide (CO), nitrogen oxides (NOx), volatile organic compounds (VOCs),
ammonia (NH3), methane (CH4), carbon dioxide (CO2), nitrous oxide (N2O), black carbon
(BC), benzene, toluene, ethylbenzene, and xylene. All these emissions were calculated for
both light and heavy-duty vehicles using the MOVES-Mexico model.

The No-Driving Day program (“Hoy No Circula”) reduction scenario was constructed
based on the aforementioned 2019 base scenario of vehicular emissions and considering the
two main tags assigned by the environmental authority. These tags are labeled Hologram 1
and Hologram 2, and correspond to vehicles with a model year older than 2006. Vehicles
with Hologram 1 are considered to refrain from circulating one weekday per week and
two Saturdays per month. Vehicles with Hologram 2 are considered to refrain from
circulating one weekday per week and every Saturday of the month. This resulted in about
72,000 vehicles, representing roughly a 9% of the total fleet. These restrictions translate to:

Hologram 1: Vehicles with hologram 1 would not circulate for 52 weekdays and 24 Satur-
days, totaling 76 days per year.

Hologram 2: Vehicles with hologram 2 would not circulate for 52 weekdays and 52 Satur-
days, totaling 104 days per year.

The restricted days were applied to the corresponding vehicle fleet for both Hologram
tags, resulting in a reduction in the circulating number of vehicles, a reduction in kilometers
traveled, and an increase in their speed. This information was introduced into the MOVES
Mexico model to estimate emissions for the No-Driving Day (NDD) scenario. The emission
reduction was calculated as the difference between the base scenario and the NDD scenario.

To represent the possible application of the NDD to the TVMA, the main atmospheric
species were reduced just for the mobile source sector.The estimated emissions reductions
are presented in Table 2. These percentages are based on considerations of the vehicle fleet
that considers light and heavy-duty vehicles that use either gasoline or diesel.
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Table 2. Emissions reductions due to application of the NDD scenario.

Compound ∆ NDD (%)

Volatile Organic Compounds VOC 21
Carbon monoxide CO 19
Nitrogen oxides NOx 15
Nitrogen dioxide NO2 15
Ammonia NH3 19
Sulfur dioxide SO2 18
10 µm particles PM10 21
2.5 µm particles PM2.5 20
Carbon dioxide CO2 17
Methane CH4 16
Black carbon BC 14

2.3.2. Model-Ready Emissions

The model-ready emissions files were generated with the DiETE emissions preprocess-
ing system García-Reynoso et al. [29]. This required the use of the 2016 National Emissions
Inventory (INEM), which was carefully scaled for the target year of 2019 following the
method proposed by Rodríguez-Zas and Garcia [30].

The following figures depict the regional emissions reduction which was calculated
as the difference between the scenario with the implementation of reductions due to the
NDD program and the base case emissions scenario (baseline). Negative values indicate
that emissions in the baseline case are higher than in the reduction scenario. The daily
average emissions were speciated for the RADM2 chemical mechanism. Figure 3 illustrates
the reduction only for the period from 6–8 May 2019; the other periods and pollutants
presented a similar pattern.

(a) Carbon monoxide (b) Nitrogen Oxides

(c) Alkanes

Figure 3. Differences in emissions between the control scenario and the base case in emissions for
the May period in the TVMA (green star): (a) carbon monoxide emissions, (b) nitrogen monoxide
emissions and (c) alkane emissions. The solid black lines denote the state political division and the
dotted orange lines denote the municipalities.
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The spatial difference fields show that the greatest reduction occurs towards the
southwest center of the Toluca Valley Metropolitan Area (TVMA) for carbon monoxide,
nitrogen oxides, and higher alkanes (HC8). Additionally, the emission reduction extends
into parts of the peri-urban area. In this study, higher alkanes are considered representative
of the feasible reduction in volatile organic compounds (VOCs).

2.4. External Transport

To investigate possible external transport into the TVMA, the HYSPLIT Lagrangian
trajectory model [31,32] was run for the second simulation period (P2; 6–8 May 2019).
Backward trajectories were obtained for 24 h, considering a height of 100 m above ground
level. This height was chosen as it represents transport between the surface and the bottom
of the boundary layer [33]. As an additional test, a height of 500 m was selected, but the
results were very similar (not shown).

3. Results
3.1. Model Evaluation

The model performance at the surface was evaluated against observations from the
local monitoring network of the Toluca Valley Metropolitan Area (TVMA), following
the methodologies outlined by García-Reynoso and Mora-Ramírez [34]. The variables
considered included 2-meter temperature, carbon monoxide, nitrogen dioxide, sulfur
dioxide, and ozone. Figure 4 presents the average model performance for the TVMA
based on the six monitoring stations. Figure S1 shows the average model performance for
temperature and wind velocity. Figure S2 shows the average model performance for CO,
NO2 and SO2.

Figure 4. Average observed (red) and modeled (blue) ozone time series for the three modeling periods
for the base case scenario. Units are in ppb.

Table 3 presents the statistics for the root mean square error (RMSE), correlation
coefficient (r), and the index of agreement (IOA) [35] during the three selected periods for
the base case scenario.
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Table 3. WRF-Chem model performance for the 3 modeling periods. P1 (January 2019), P2 (May 2019)
and P3 (October 2019).

Variable
RMSE r IOA

P-Jan P-May P-Oct P-Jan P-May P-Oct P-Jan P-May P-Oct

O3 (ppb) 8.60 18.40 10.79 0.94 0.76 0.87 0.88 0.66 0.79
T (◦C) 2.40 1.80 1.86 0.96 0.98 0.97 0.79 0.84 0.78

CO (ppm) 432.50 421.00 359.10 0.84 0.81 0.61 0.65 0.55 0.44
NO2 (ppb) 12.50 9.10 9.04 0.62 0.77 0.51 0.53 0.68 0.31
SO2 (ppb) 2.60 2.60 1.96 0.41 0.54 0.37 0.46 0.29 0.37

Regarding temperature, an underestimation was observed in the daily maximum
and an overestimation in the daily minimum, especially during the January (P1) and May
(P2) periods. Conversely, for October, the model tended to underestimate both minimum
and maximum temperatures. The lowest error and the best correlation were observed for
the May period. A correlation close to 1 indicates that the model captured the diurnal
profile well for all three periods. For wind, the model tended to overestimate wind speed
compared to the observations from monitoring stations (Figure S1).

Nitrogen dioxide (NO2) presented mixed results, with high RMSE values, ranging
from 9.04 to 12.50 ppb, and varying correlation coefficients. The correlation coefficient (r)
is generally moderate, with the highest correlation observed in May (0.77). However, the
IOA values show variability, with the highest agreement in May (0.68) and the lowest in
October (0.31).

For carbon monoxide (CO), the model tended to overestimate the maximum values
and underestimate the minimum values in all three simulation periods. The RMSE in
January and May was influenced by the underestimation during the morning period.
However, the diurnal profile was relatively well captured except for October. Similarly,
for nitrogen dioxide (NO2), the model tended to overestimate the maximum values and
underestimate the minimum values in all three simulation periods, shown for daylight
hours, including the ozone peak. Unlike CO, the model predicted the time of maximum for
NO2 earlier in the morning and showed greater variability in all three periods, exhibiting a
larger difference between the model results and observations, particularly in October, as
reflected in the correlation coefficient.

Regarding SO2, the evaluation is more qualitative as the observations are reported as
rounded integers, preventing a detailed comparison with the model. However, in terms of
magnitude and concentration maxima, the model performed well. Nevertheless, systematic
errors were observed in the observations for some stations during the January and May
periods, which tended to bias the estimation of the minimum, especially during the morning
period. It is likely that the observations are not corrected for the background values.

For ozone, the model presented good performance (Figure 4). In January (P1) and
October (P3), it slightly underestimated the maximum and replicated the daily minimum,
as well as the timing of the peak. It also accurately represented the variability in both
of these periods. However, in May (P2), the model considerably underestimated the
maxima, although it slightly reproduced the hours when the peaks occurred. With respect
to the January period (P1), the RMSE is more than double, and the correlation decreased
significantly because the model did not fully capture the variability in the observations.

For the May period, a significant underestimation is observed during the daytime
between 10 a.m. and 3 p.m. Additionally, the dynamics of the diurnal profile differ from
those of the other periods. At the beginning of this period, a nighttime peak on 6 May is
observed, followed by a second daytime peak on 7 May, and two additional daytime peaks
on the last day of the period. These peaks indicate the presence of ozone produced outside
the Toluca Valley Metropolitan Area (TVMA), which is transported from other regions and
registered during the afternoon.
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3.2. External Transport

Figure 5 shows a cluster of fires occurring in the central region of Mexico on 8 May
2019, as detected by the Terra product from the MODIS satellite. Additionally, it depicts
the lines of the backward trajectories. Each backward trajectory spans 24 hours, with
computations performed at three-hour intervals. The findings indicate that, during this
modeling period, there was a notable transport phenomenon originating in the eastern
side of Michoacan and in the western side of the State of Mexico. Consequently, the fires
registered during this period likely had a significant contribution in ozone concentrations.
Moreover, these transported air masses carry over photochemically aged material that
not only influence local ozone formation, but also impacts the production of fine particles.
As a result, the suboptimal model performance in May (P2) could be attributed to the
regional transport of fire emissions, which were not considered in the configuration of
the baseline case.

Figure 5. Fires and backward trajectories during 8 May 2019 obtained with the HYSPLIT model for
the TVMA (White star).

3.3. No-Driving Day

In this section, the results of the reduction scenario representing the implementation
of the No-Driving Day (NDD) program are presented. Figure 6 illustrates the regional
impact of the mobile source reduction measure through the NDD implementation in the
Toluca Valley Metropolitan Area (TVMA) for specific days in each of the three simulation
periods during daylight hours. For the January period (P1; Figure 6a), it is suggested that
areas showing changes in ozone concentrations are close to the urban area, with decreases
ranging from 4% to 7%.

For the May period (P2; Figure 6b), ozone levels tended to decrease downwind
of the region where the reduction in vehicular emissions was applied. The estimated
concentrations reductions ranged from 3.5% to 7.5% and included the daily peaks from
10 am to 3 pm. In contrast, in the area where emissions reductions (TVMA) are enforced,
a marginal decreases in surface ozone concentrations was observed. Nevertheless, some
areas presented small increases of up to 1% (white-colored area).

During the October period (P3; Figure 6c), surface ozone concentration over the TVMA
presented more significant decreases than in the other two periods, with values between
2.5% and 9%. Additionally, unlike the other two periods, a more extended regional decrease
is suggested for this period, reaching as far as Mexico City. However, ozone concentration
increased southwest of the TVMA and southeast of Mexico City.
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(a) January (b) May

(c) October

Figure 6. Estimated regional ozone reduction in the TVMA (red star) (%) for January (a), May (b) and
October (c).

4. Discussion

The regional changes in ozone concentration after the introduction of a potential
mitigation measure specific to the mobile sector in the Toluca Valley Metropolitan Area
(TVMA) were estimated with a chemical transport model. Using an emissions inventory
updated to 2019, the No Driving Day (NDD) mitigation measure was evaluated in three
different periods representing three different meteorological conditions of the cold–dry
(January and October) and hot–dry (May) seasons.

The application of the NDD mitigation measure in the TVMA could induce a reduction
in ozone concentration between 3% and 8%, depending on meteorological conditions and
the season of the year (cold–dry, hot–dry, and fire season). Due to the transport of primary
pollutants, ozone production might be favored in downwind regions of the main emitting
urban area so that a change in emissions results in changes in ozone concentrations in
different areas from the emission source. In period 2 (P2; May), a downwind ozone
production was estimated about 15 km from the TVMA. Thus, although the suggested
reduction by the model is minimal within the Toluca Valley, it could have a downwind
regional effect.

Another possible explanation of the small local impact of the NDD program in the
Toluca urban area could be due to the small number of vehicles that were considered in
the analysis. According to official data, a great amount of private cars are labeled with
Hologram 0 and 00, which are exempted of the NDD restrictions. However, about 37%
of the total private cars have a model year between 2000 and 2009, that is about 10 and
20 years old. Around 33% is classified within the model year of 2010–2019, that is of up
to 10 years old. Thus, some relatively old vehicles, even around 18 years old, would be
exempted from the restrictions.

In addition, it is assumed that, with the implementation of a NDD program, the
travel speed could increase because it might reduce traffic congestion [10,36]. In Langang,
China, traffic restrictions increased around 13% of the travel velocity in evening peak
hours [36]. However, in this study, a conservative reduction of 5 km/h was input in the
MOVES-Mexico model, with the assumption of a second car purchase and drivers that
omit the restrictions.

Among the three selected simulation periods, the model performed well in those
representing the cold–dry season and showed a considerable decrease in performance
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during the hot–dry season. A simple backward trajectory analysis suggested that transport
of biomass burning emissions from southern regions in Michoacan and the State of Mexico
could explain the additional variability and the late evening concentration peaks that are
not measured in the other two periods. This indicates that, in some areas, ozone levels
predominantly originate from other regions and possibly surpass locally generated levels.
Spatial reductions in May (P2; Figure 6b) could be even smaller when fire emissions are
included into the model.

The implication of this result is that biomass burning emissions could mask the
possible benefits of implementing the NDD Program in Toluca. A recent study showed
that, during the COVID-19 lockdown, fire emissions masked the effects of the strongest
reductions in the Megalopolis of Mexico, including the TVMA [37]. For this reason, a policy
oriented to biomass burning emissions at the regional level could be of aid in improving the
regional air quality. For instance, alternative agricultural land management techniques that
minimize emissions from burning, like chopping instead of burning might be considered
in agricultural areas [38].

Some limitations in this study include the absence of biomass burning emissions in the
simulations. In addition, the NDD emissions reduction scenario only included private cars.

Even though the length of the simulation periods might be short, they represent days
with high ozone episodes and in different seasons. The first period (P1) includes a weekend.
Future work will include the effect of biomass burning emissions in the regional chemical
regimes and increasing the number of simulation periods. Despite their representing a
small amount (∼ 15%) of the total vehicle fleet, there are still vehicles with model year of
1989 and older, which includes pickups and heavy trucks. A more detailed analysis will
include the reduction of notoriously heavy-polluting vehicles.

5. Conclusions

This study estimated the regional impact of a mitigation measure specific of the mobile
sector in the Toluca Valley Metropolitan Area (TVMA) in the cold–dry and hot–dry seasons.
Although the possible reduction in ozone surface concentration might be small within
the Toluca Valley after implementing the No-Driving Day emissions reduction program,
there could be a reduction in downwind regions outside the Valley, which could possibly
benefit Mexico City and the Megalopolis. The model effectively discerned the influence of
these factors on ozone levels, demonstrating its utility in assessing the implementation of
mitigation strategies and understanding the regional dynamics of air quality. The model
presented a reasonable performance in reproducing CO, NO2, SO2 and ozone in three
different simulation periods.

The identification of biomass burning as a significant contributor to ozone concentra-
tion during specific periods emphasizes the importance of considering external emissions
sources in air quality management strategies. Additionally, the regional implications of
emissions reductions, as seen in downwind effects, underscore the interconnected nature
of air quality dynamics in neighboring areas.

The study not only provides insights into current air quality conditions in the TVMA,
but also suggests potential measures to mitigate pollution, such as alternative agricultural
land management practices. The consideration of these factors and the model capabilities
contribute valuable information for decision-makers in developing effective air quality
management policies tailored to the specific travel dynamics of the region.

This study also suggests that the continuous increase in mobility and the potential
impact on air quality as a result of the increasing transportation needs in the suburban
region around Toluca is essential to be considered in regional planning and air quality
management of nearby air basins in a Megalopolis context.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/atmos15040437/s1, Figure S1: Average observed (red) and modeled
(blue) surface temperature and wind velocity time series for the three modeling periods for the base
case scenario. Units are in ◦C and m/s and each panel has a different scale; Figure S2: Average
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observed (red) and modeled (blue) time series for the three modeling periods for the base case
scenario. First, column, CO; second column, NO2; third column, SO2. Units are in ppm and ppb and
each panel has a different scale.
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