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Abstract
Air pollution in Delhi has emerged as one of the most severe environmental and public health challenges
globally. Persistently high concentrations of particulate matter and toxic gases have resulted from a
complex interaction of anthropogenic activities such as vehicular emissions, industrial operations,
construction dust, crop residue burning, waste burning, and energy generation, compounded by adverse
geographical and meteorological conditions. These factors collectively affect millions of residents in the
National Capital Region (NCR), leading to serious health, ecological, and economic consequences. In
contrast, Beijing—once among the most polluted cities in the world—has demonstrated substantial
improvements in air quality through comprehensive regulatory reforms, technological modernization,
industrial restructuring, transport electrification, and sustained public participation. This paper
systematically examines the causes of air pollution in Delhi and critically evaluates the applicability of the
Beijing model to the Indian context. Drawing on scientific literature, government reports, and international
case studies, the study argues that Delhi can achieve significant air quality improvements by adapting key
elements of the Beijing model through strong institutional coordination, science-based policymaking,
regional cooperation, and community engagement. The paper concludes that clean air must be treated as a
fundamental public good and an essential component of sustainable urban development.
Index Terms: Delhi air pollution, Beijing model, AQI, PM2.5, vehicular emissions, environmental policy,
urban governance

I. INTRODUCTION

Air pollution has become one of the most pressing environmental concerns of the twenty-first century,
particularly in rapidly urbanizing regions of the Global South. According to the World Health
Organization (2021), air pollution is responsible for millions of premature deaths annually, making it one
of the leading environmental risk factors for human health. Among the world’s megacities, Delhi
consistently ranks as one of the most polluted, with air quality levels frequently exceeding both national
and international safety standards.

Delhi’s air pollution crisis is not an isolated or seasonal phenomenon but a structural and chronic issue
rooted in patterns of urban growth, energy consumption, transport dependency, and governance limitations.
While winter smog episodes draw public attention, pollution levels remain elevated throughout the year,
indicating systemic policy and implementation failures. The impacts extend beyond public health to
include ecological degradation, reduced labor productivity, and significant economic losses.

In contrast, Beijing offers a compelling case study of successful air quality management. Once notorious
for hazardous smog, Beijing has achieved a dramatic reduction in particulate matter concentrations over the
past decade. This contrast raises critical questions regarding policy effectiveness, governance capacity, and
the transferability of international best practices. This paper seeks to analyze the causes of air pollution in
Delhi and assess the relevance of the Beijing model as a potential framework for sustainable air quality
improvement.
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I1. Conceptual Understanding of Air Pollution

Air pollution refers to the presence of physical, chemical, or biological substances in the atmosphere at
concentrations that are harmful to human health, ecosystems, or material assets (Bhatia, 2021). Major air
pollutants include particulate matter (PM10 and PM2.5), nitrogen dioxide (NO:), sulfur dioxide (SO2),
carbon monoxide (CO), ground-level ozone (Os), ammonia (NHs), and volatile organic compounds
(VOCs).

Among these pollutants, PM2.5 is considered the most dangerous due to its ability to penetrate deep into
the lungs and enter the bloodstream. Long-term exposure to PM2.5 has been linked to respiratory diseases,
cardiovascular disorders, stroke, lung cancer, and premature mortality (Health Effects Institute, 2020). The
Air Quality Index (AQI) is commonly used to communicate pollution levels to the public, with values
above 300 classified as “severe.”

I11. Current Status of Air Pollution in Delhi NCR

The severity of air pollution in Delhi becomes particularly evident during the winter months, when AQI
levels frequently exceed 500 in several localities such as RK Puram, Munirka, Chanakyapuri, and Model
Town. During extreme episodes, visibility drops below 40 meters, disrupting transportation and daily
activities. According to the Central Pollution Control Board (CPCB, 2022), Delhi’s AQI remains above the
“poor” category for nearly half the year.

Epidemiological studies indicate that air pollution contributed to approximately 1.67 million premature
deaths in India in 2019, with Delhi accounting for a disproportionate share due to high population density
and sustained exposure (Health Effects Institute, 2020). These statistics highlight the urgency of adopting
effective and long-term solutions.

IV. Causes of Air Pollution in Delhi NCR

Geographical and Meteorological Factors Delhi’s landlocked geography and winter meteorological
conditions significantly worsen pollution levels. Low wind speeds restrict horizontal dispersion, while
temperature inversion traps pollutants close to the ground, preventing vertical mixing (Guttikunda& Gurjar,
2012). These natural factors do not generate pollution but intensify the impact of anthropogenic emissions.
Crop Residue Burning Seasonal stubble burning in neighboring states such as Punjab, Haryana, and
western Uttar Pradesh contributes substantially to winter pollution in Delhi. The burning of crop residue
releases large quantities of PM2.5, methane, carbon dioxide, and black carbon, which are transported
toward Delhi by prevailing winds (Jain et al., 2019). Satellite-based assessments suggest that stubble
burning can contribute up to 40 percent of Delhi’s PM2.5 load during peak periods.

Vehicular Emissions Vehicular emissions constitute one of the largest sources of air pollution in Delhi.
The city has witnessed a rapid increase in private vehicle ownership, leading to traffic congestion and
elevated emission levels. According to the Ministry of Earth Sciences (2018), vehicular sources account for
approximately 41 percent of PM pollution in Delhi. Although Bharat Stage-VI emission norms have been
introduced, enforcement challenges and aging vehicle fleets continue to undermine their effectiveness.
Construction Dust and Road Resuspension Rapid urban expansion has led to continuous construction
activities, generating large amounts of dust and suspended particulate matter. Inadequate compliance with
dust-control guidelines further aggravates the problem (Bhatia, 2021).

Industrial Emissions and Power Generation Industrial clusters and coal-based thermal power plants
around Delhi emit sulfur dioxide, nitrogen oxides, and particulate matter. While regulatory standards exist,
outdated technology and weak monitoring limit their effectiveness (MoEFCC, 2022).

Waste Burning and Landfills Open waste burning and landfill emissions are significant yet often
underestimated sources of air pollution. The Ghazipur landfill, for instance, emits methane and toxic gases
that degrade local air quality and pose fire hazards (CPCB, 2022).

Urbanization and Loss of Green Cover Rapid urbanization and concretization have reduced green spaces
that act as natural buffers against air pollution. The loss of vegetation increases dust resuspension and
exacerbates heat-island effects (Singh & Kumar, 2020).

Health, Social, and Economic Impacts Air pollution disproportionately affects children, the elderly, and
economically vulnerable populations. Long-term exposure impairs lung development in children and
increases the prevalence of chronic diseases. Economically, air pollution reduces labor productivity,
increases healthcare expenditure, and imposes a substantial burden on urban economies (World Bank,
2020).

JETIR2601543 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f290


http://www.jetir.org/

© 2026 JETIR January 2026, Volume 13, Issue 1 www.jetir.org (ISSN-2349-5162)

V. The Beijing Model: Background

Beijing faced a severe air pollution crisis in the early 2000s, with PM2.5 levels comparable to or worse
than present-day Delhi. In response, China implemented the Air Pollution Prevention and Control Action
Plan in 2013, marking a turning point in urban air quality governance (Zhang et al., 2020).

Core Components of the Beijing Model

Strong Political Commitment and Regulation Beijing enforced stringent emission standards, shut down
heavily polluting industries, and imposed heavy penalties for non-compliance. Centralized governance
enabled rapid decision-making and strict enforcement.

Transport Electrification Transport reform formed the backbone of Beijing’s strategy. Cities such as
Shenzhen electrified their entire public bus fleets by 2017, significantly reducing vehicular emissions
(International Energy Agency, 2019).

Vehicle Control and Scrappage Policies License-plate lotteries limited vehicle growth, while scrappage
policies phased out older, high-emission vehicles through mandatory retirement and financial incentives.
Industrial Restructuring and Energy Transition Coal-fired boilers were replaced with cleaner
alternatives, and industries adopted technologies such as flue-gas desulfurization and electrostatic
precipitators. Renewable energy increasingly replaced coal in power generation.

Urban Greening and Public Participation Afforestation, urban forests, and environmental awareness
campaigns enhanced public engagement and improved urban resilience.

Applicability of the Beijing Model to Delhi Delhi can adapt several elements of the Beijing model,
particularly transport electrification, industrial modernization, and enhanced monitoring. However, India’s
federal governance structure, socio-economic diversity, and democratic constraints necessitate contextual
adaptation rather than direct replication.

V1. Modern and Technological Interventions

Cloud Seeding Pilot projects conducted with 1IT Kanpur explored cloud seeding as an emergency
measure to reduce particulate matter. While not a long-term solution, it may provide short-term relief
during extreme pollution episodes.

Crop Residue Management Technologies such as Happy Seeders and bio-decomposers offer viable
alternatives to stubble burning if supported by adequate incentives and institutional support.

Electric Mobility and Public Transport Electrification of public transport and promotion of non-
motorized transport are essential for long-term emission reduction.

VII1I. Governance, Ethics, and the Right to Clean Air

Clean air is increasingly recognized as a fundamental human right. Delhi’s air pollution crisis raises ethical
concerns regarding environmental justice, intergenerational equity, and state accountability. Effective
governance must prioritize public health over short-term economic interests.

IX. Conclusion

Delhi’s air pollution crisis is the cumulative outcome of anthropogenic activities, adverse meteorological
conditions, and governance limitations. The Beijing model demonstrates that substantial air quality
improvement is achievable through strong political will, technological innovation, and public participation.
For Delhi, the path forward lies in adopting international best practices while tailoring them to local
realities. Clean air must be treated as a public good essential for sustainable urban development and human
well-being.
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