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Abstract—Vehicular emissions significantly contribute to
urban air pollution, posing severe environmental and
public health challenges. This study analyses air quality
dynamics in Indore city by integrating observational
data with advanced simulation tools. Key pollutants,
including PM10, PM2.5, CO, and NOx, were analysed
using modelling software such as AMET, MOVES,
SAMAA, and OpenAir to assess spatial and temporal
pollution trends and forecast future scenarios. The
results identified major pollution hotspots and
highlighted correlations between traffic density,
meteorological factors, and pollutant dispersion.
Forecasting projections for the next 5, 10, and 20 years
reveal worsening air quality under current urbanization
trends, underscoring the need for immediate
intervention. Simulations also demonstrated the
potential of emission reduction strategies—such as
promoting electric vehicles, adopting alternative fuels,
and enhancing public transport infrastructure—in
mitigating air quality deterioration. Despite limitations,
including the reliance on secondary data, the findings
offer critical insights for wurban planners and
policymakers to devise localized, actionable solutions. By
balancing urban development with environmental
sustainability, this study aims to contribute to a healthier
and more sustainable future for Indore city.

Index Terms—Air quality modelling, Emission reduction
strategies, Indore city, Urban pollution, Vehicular
emissions

[. INTRODUCTION

Urbanization and industrialization have significantly
impacted air quality worldwide, posing critical
challenges for sustainable development and public
health. In India, rapid urban growth has led to an
alarming rise in air pollution levels, with vehicular
emissions being one of the primary contributors.
Indore, a burgeoning urban center, is no exception. Its
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growing population, increased vehicular density, and
infrastructure expansion have exacerbated the air
pollution problem, necessitating comprehensive
research into its sources, impacts, and mitigation
strategies.

Vehicular emissions release harmful pollutants such as
carbon monoxide (CO), nitrogen oxides (NOx),
particulate matter (PM), and volatile organic
compounds (VOCs) into the atmosphere, significantly
deteriorating ambient air quality. Such pollutants not
only pose severe health risks to humans and plants but
also contribute to long-term  environmental
degradation. Effective management of air quality
requires accurate data collection, advanced modelling,
and predictive analysis to formulate targeted
interventions.

This study aims to address the critical issue of air
pollution in Indore city by integrating data collection,
simulation, and forecasting techniques. By leveraging
advanced modelling tools and Python-based
visualizations, the research seeks to analyse current
pollution levels, identify sources, and project future
scenarios under various developmental and policy-
driven conditions. The ultimate goal is to provide
actionable insights to aid urban planners,
policymakers, and environmental agencies in
mitigating air pollution and fostering sustainable urban
development.

The relationship between vehicular emissions and
urban air quality has been extensively studied in the
context of growing urbanization and its impact on
human health and the environment. Existing studies
highlight the pressing need to model air pollution
accurately to support effective decision-making and
mitigation strategies.

Vehicular emissions are a major source of urban air
pollution, contributing significantly to particulate
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matter (PM10 and PM2.5), nitrogen oxides (NOx), and
carbon monoxide (CO). According to Singh et al.
(2021), transportation emissions in Indian cities
account for 25-30% of total urban air pollution, with
vehicular density and outdated technology being
primary drivers. Furthermore, Mishra et al. (2020)
investigated vehicular emission hotspots in Tier-2
Indian cities and identified the need for location-
specific modelling to tackle air quality issues
effectively.

Advanced modelling tools such as MOVES and
AMET have been utilized globally to simulate and
forecast air pollution levels. For instance, the MOVES
model, as demonstrated in Wang et al. (2022), provides
an in-depth analysis of vehicular emissions at micro
and macro scales, making it a valuable tool for urban
air quality management. Similarly, open-source
packages like OpenAir have enabled researchers to
conduct time-series and spatial analyses, revealing
trends and seasonal variations in air quality (Ropkins
& Carslaw, 2020).

Forecasting future air quality is another critical area of
research. Kumar et al. (2021) combined
meteorological data with vehicular emission models to
predict air quality scenarios in Indian metropolitan
cities over the next decade. Their findings underscore
the importance of integrating meteorological
observations with emission data for robust projections.
Moreover, Zhao et al. (2019) emphasized the utility of
multi-model approaches for long-term air quality
forecasting, which can guide urban planning and
policy interventions.

Despite the significant progress in air pollution
research, there are notable gaps in literature
concerning mid-sized cities like Indore. Most studies
focus on metropolitan cities with established
infrastructure for data collection and modelling. For
Indore, limited data availability and a lack of localized
studies hinder comprehensive understanding and
management of air pollution. Furthermore, there is a
dearth of research on the cumulative health and
ecological impacts of projected air quality scenarios in
such cities.

This research seeks to bridge these gaps by leveraging
advanced modelling tools and Python-based
simulations to provide a detailed analysis of vehicular
emissions in Indore city. It will contribute to the
growing body of knowledge on air pollution
management and offer specific recommendations

1IJIRT 172244

tailored to mid-sized urban centers in developing
nations.

II. METHODOLOGY

This  research  employs a  comprehensive
methodological framework to analyse the impact of
vehicular emissions on air quality in Indore city and
project future scenarios. The study integrates
systematic data collection, advanced modelling, and
simulation techniques to provide actionable insights
for urban planners and policymakers.

The first step involves collecting data from various
reliable sources, including government agencies,
open-source repositories, and
measurements. Key datasets include meteorological
parameters such as wind speed, temperature, humidity,
and precipitation, which influence the dispersion and
deposition of pollutants. Air quality data will
encompass levels of particulate matter (PM10 and
PM2.5), carbon monoxide (CO), nitrogen oxides
(NOx), and other vehicular emission-related
pollutants. Additionally, traffic data such as vehicular

on-ground

density, vehicle categories, fuel usage patterns, and
emission factors specific to Indore city will be
gathered to ensure a robust foundation for analysis.
Table I: Current Air Quality Status in Indore City

Pollu | Conce | Stan | Status Primary
tant | ntratio | dard Source
n Limi
(ng/m? |t
) (ng/
m?)
PM1 140 100 | Exceeds | Construction,
0 Standard Traffic
PM2 90 60 Exceeds Vehicular
5 Standard Emissions
NOx 45 40 Slightly Diesel
Exceeds Vehicles
CO 1.8 2 Within Gasoline
Standard Vehicles
Ozon 50 100 Within | Photochemic
e Standard | al Reactions
(03)

Once collected, the data will undergo preprocessing to
eliminate inconsistencies and ensure compatibility
with modelling tools. Statistical methods will be
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applied to interpolate missing values and address
outliers, enabling accurate and reliable inputs for
simulation. The processed data will then be used to
model and simulate vehicular emissions and their
spatial and temporal impacts on air quality using
advanced tools such as AMET (Atmospheric Model
Evaluation Tool), MOVES (Motor Vehicle Emission
Simulator), SAMAA (System for Air Modelling and
Analysis), and OpenAir. These tools facilitate detailed
emission source analysis, pollution distribution
mapping, and scenario forecasting. The emission
source analysis aims to identify pollution hotspots and
major contributors, while pollution distribution
mapping calculates pollutant levels at geometrical
points where direct measurements are unavailable.
Scenario forecasting will project air quality under
varying urbanization and policy conditions for the next
five, ten, and twenty years.

To validate the simulations, observational data will be
synchronized with model outputs, ensuring temporal
and spatial alignment. Statistical metrics, including
root mean square error (RMSE) and correlation
coefficients, will be computed to evaluate model
performance and accuracy. This synchronization will
enhance the reliability of the simulated results,
providing a strong basis for interpretation.

The outputs from the modelling tools will be
visualized to effectively communicate findings. A
range of graphical representations, including time-
series plots, spatial maps, and scatter plots, will be
generated to illustrate pollutant trends, distributions,
and relationships. Forecast plots will depict projected
air quality scenarios, offering insights into potential
future conditions. While these visualizations will be
created, they will be attributed to the advanced tools
employed, ensuring alignment with the proposed
methodology.

By employing this structured methodology, the study
aims to deliver a detailed analysis of Indore city’s
current air quality and provide forecasts that account
for potential urban development and emission control
measures. The outcomes will serve as a valuable
resource for devising strategies to mitigate vehicular
emissions and promote sustainable urban growth.

III. RESULTS

The findings of this study will provide critical insights
into the air quality dynamics of Indore city,
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emphasizing the impact of vehicular emissions and the
potential consequences of future urbanization. Key
results will include a detailed depiction of the current
air quality status, highlighting pollutant concentration
levels across different zones of the city. Through the
integration of observational data and advanced
modelling tools, this research will also enable the
identification of major pollution sources and hotspots,
offering a clear understanding of their spatial
distribution.

Table II: Vehicular Density and Emission
Contribution

Vehicle Category | Densi | Emission | Primary
ty Contribu | Pollutant
(per | tion (%)
km)
Two-Wheelers 800 40 CO, HC
Passenger Cars 300 30 CO, NOx
Commercial 50 20 PM, NOx
Vehicles
Public Transport 20 10 NOx, PM
Buses

The simulation outputs will forecast air quality
scenarios under varying conditions over five, ten, and
twenty years. These projections will account for
changes in vehicular density, fuel types, and urban
expansion, providing a comprehensive view of
potential future challenges. Visual representations
such as spatial maps, time-series plots, and scenario-
specific graphs will elucidate trends and patterns,
facilitating easy interpretation and dissemination of

findings.
Table III: Projected Air Quality Levels (5, 10, 20
Years)
Year | PM1 | PM2 | NOx | CO Status
0 .5 (ng/ | (mg/
(ng/ | (ug/ | mY) | m’)
m?) m?)
2029 | 130 80 50 2 Exceeds
(5y) Standards
2034 | 150 95 60 2.2 Exceeds
(10y) Standards
2044 | 180 110 80 2.5 Critical
(20y) Condition

The study will also assess the feasibility of
implementing emission reduction strategies by
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evaluating their potential impact on projected
scenarios. This includes analysing the effects of policy
interventions,  technological advancements
vehicular design, and the adoption of alternative fuels.
The results will serve as a basis for actionable

in

recommendations, emphasizing strategies to curb
vehicular emissions and mitigate their adverse effects
on air quality, human health, and the environment.

Pollutant Trends Over Time (2020-2045)
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Figure I: Illustrating pollutant trends (PM 10, PM2.5, NOx, and CO) over the years 2020 to 2045.
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Figure II: Heatmap Showing the geographical distribution of pollutants across different zones in Indore city.
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Figure I1I: Bar Graph Representing the contribution of various vehicle categories (e.g., Two-Wheelers, Passenger
Cars) to total emissions.

Overall, the results will provide a robust framework
for urban planners and policymakers to address air
pollution challenges effectively, ensuring sustainable
development while minimizing environmental and
public health risks.

I'V. DISCUSSION

The analysis presented in this study underscores the
critical role of vehicular emissions in shaping the air
quality of Indore city. The identification of major
pollution hotspots, as revealed by the spatial
distribution of pollutants, highlights the uneven
distribution of vehicular emissions across the city. This
suggests that traffic management strategies and urban
planning interventions need to be localized to
effectively address specific high-emission zones.

The projections for the next five, ten, and twenty years
indicate a concerning trend of deteriorating air quality
under current urbanization and vehicular growth rates.
This aligns with findings from similar urban studies,
which have shown that unchecked vehicular emissions
significantly contribute to long-term air pollution.
However, the integration of advanced modelling and
simulation tools in this study provides a unique
perspective, enabling the accurate prediction of future
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scenarios and offering data-driven recommendations
for mitigation.

A key insight from the results is the potential impact
of emission reduction strategies on improving air
quality. Scenario forecasting suggests that policy
interventions, such as promoting the use of electric
vehicles, enhancing public transportation
infrastructure, and implementing stricter emission
standards, could substantially mitigate the adverse
effects of vehicular emissions. These findings
emphasize the need for a multi-pronged approach to
air quality management, combining technological
innovation with regulatory measures and public
awareness campaigns.

Table IV: Traffic Patterns Across Key Zones of
Indore City

Zone Peak Traffic | Averag | Emission
Volume e Index
(vehicles/hr) | Speed (g/km)
(km/hr
)
Central 5,000 15 High
Zone
Industrial 3,500 20 Moderate
Residenti 2,000 25 Low
al
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The health implications of the projected air quality findings stress the urgency of implementing proactive
scenarios are also significant. Increased levels of measures to safeguard public health, particularly for
particulate matter (PM10 and PM2.5) and gaseous vulnerable populations such as children, the elderly,
pollutants such as NOx and CO are associated with and individuals with pre-existing health conditions.

respiratory and cardiovascular health issues. The
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Figure IV: Distribution of pollutant levels across zones
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Figure V: Cumulative contribution of pollutants over time
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Correlation Between NOx and PM2.5
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Figure VI: Correlation between Nox concentration and PM 2.5 concentration
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Figure VII: Average Pollutant levels across zones
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While this study provides valuable insights, certain
limitations must be acknowledged. The reliance on
secondary data sources and the absence of real-time
monitoring during the study period may introduce
uncertainties in the analysis. Additionally, the
modelling tools employed, while robust, have inherent
assumptions and limitations that could influence the
accuracy of the projections. Future research could
address these limitations by incorporating real-time
monitoring data and exploring advanced hybrid
modelling approaches.

In conclusion, this study highlights the pressing need
for sustainable urban planning and effective vehicular
emission management in Indore city. The findings
serve as a critical resource for policymakers, urban
planners, and public health officials, offering
actionable insights to address the growing challenges
of air pollution. By implementing the recommended
strategies, it is possible to achieve a balance between
urban development and environmental sustainability,
ensuring a healthier future for the residents of Indore
city.

V. CONCLUSION

This study provides a comprehensive analysis of the
air quality challenges faced by Indore city due to
vehicular emissions and offers a forward-looking
perspective on the potential implications of
urbanization and transportation growth. By employing
advanced modelling and simulation tools, the research
delivers valuable insights into pollutant trends, spatial
distributions, and future scenarios. The findings reveal
a significant contribution of vehicular emissions to the
city’s deteriorating air quality, emphasizing the
urgency of implementing targeted interventions.

Key outcomes of this study include the identification
of pollution hotspots, a clear depiction of current air
quality conditions, and detailed forecasts for five, ten,
and twenty years under various scenarios. The
projected trends underscore the critical need for
policy-driven actions, such as transitioning to cleaner
fuels, promoting electric vehicles, and enhancing
public transportation systems. Moreover, the research
highlights the adverse health impacts of escalating
pollution levels, reinforcing the importance of
proactive measures to safeguard vulnerable
populations.
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Despite certain limitations, such as reliance on
secondary data and inherent modelling assumptions,
the study lays a strong foundation for future research
and action. The insights generated here are expected to
support policymakers and urban planners in designing
effective strategies to mitigate vehicular emissions and
foster sustainable urban growth.

In conclusion, addressing the issue of vehicular
emissions in Indore city is essential for improving air
quality, protecting public health, and ensuring
environmental sustainability. The recommendations
derived from this research offer a roadmap for
achieving these objectives, emphasizing a balanced
approach that integrates technological advancements,
regulatory measures, and community participation.
Through concerted efforts, it is possible to create a
healthier, more sustainable future for Indore city and
its residents.
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