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ABSTRACT

Air pollution is a critical global environmental issue with profound implications for human
health, ecosystems, and climate. This challenge is particularly acute in urban areas of
developing countries like India, where cities such as Delhi consistently rank among the most
polluted in the world. Delhi’s air quality has been severely compromised due to a combination
of rapid urbanization, unchecked industrial growth, and an expanding number of vehicles, all
contributing to high levels of harmful pollutants. This comprehensive analysis investigates the
complex relationship between regional emissions from Punjab and air quality in Delhi,
employing advanced air quality modeling tools such as the Weather Research and Forecasting
model coupled with Chemistry (WRF-Chem) and an improved Emissions Database for Global
Atmospheric Research (EDGAR) emission inventory. Developed using meticulous ground-
based data from various sources in Punjab, this study aims to elucidate how emissions from
Punjab, particularly those from crop residue burning, industrial activities, vehicular emissions,
and road dust, contribute to the severe air pollution in Delhi.

Delhi’s air pollution crisis is not only a result of local emissions. While the city’s rapid
urbanization, industrialization, and increasing vehicle numbers are significant contributors,
these are exacerbated by its geographical and meteorological conditions. Delhi is located in the
Indo-Gangetic Plain, where pollutants are easily trapped, creating conditions that are conducive
to smog formation, especially in winter. This smog is further intensified by transboundary
pollution, with significant contributions from neighboring states like Punjab. The
anthropogenic activities in Punjab, emits pollutants into the atmosphere. These pollutants are
then carried by prevailing winds into the Delhi-NCR (National Capital Region), significantly
worsening air quality and posing severe health risks and environmental degradation.

Effective management and mitigation of air pollution in Delhi require accurate and detailed
emission inventories. These inventories are crucial tools in air quality management, providing
a comprehensive database of the pollutants released into the atmosphere from various sources.
They are indispensable for policymakers, environmental planners, and researchers as they
quantify pollutant emissions over a specific period. This analysis discusses several
methodologies for developing emission inventories, including bottom-up, top-down, and
hybrid approaches. Bottom-up approaches involve collecting detailed data from individual
sources, offering high accuracy but requiring extensive resources. Top-down approaches, in

contrast, use aggregated data to estimate emissions on a larger scale, providing broader
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coverage with less precision. Hybrid approaches combine both methods to offer a
comprehensive and balanced view of emissions. Despite methodological advancements,
creating accurate emission inventories in developing countries like India remains challenging
due to constraints in data availability and quality.

Punjab’s significant contribution to Delhi’s air pollution, particularly during the post-monsoon
season when crop residue burning is widespread, underscores the importance of focusing on
this region. Although local emissions in Delhi are a major source of pollution, the
transboundary nature of air pollution means that emissions from neighboring states like Punjab
cannot be ignored. These fine particles are particularly harmful to human health, capable of
penetrating deep into the lungs and entering the bloodstream, leading to a range of respiratory
and cardiovascular diseases. Additionally, the industrial sector in Punjab, along with vehicular
emissions and road dust, further contributes to the region’s air pollution, which can be
transported across state borders, affecting air quality far beyond Punjab.

The study employs a phased approach, beginning with the development of a high-resolution
emission inventory for Punjab. This inventory is based on ground-based data collected from
various sources, including domestic emissions, vehicular traffic, industrial activities, and road
dust. By developing the emission inventory at a fine spatial resolution of 1000 m x 1000 m, the
study allows for a detailed analysis of emissions across different regions of Punjab, enabling
the identification of pollution hotspots and assessing their impact on regional air quality. The
inventory includes data on key pollutants such as PMio, PMa s, sulfur oxides (SOx), nitrogen
oxides (NOx), and carbon monoxide (CO), all of which play significant roles in the region’s air
quality dynamics.

To further enhance the accuracy and relevance of the emission inventory, the study identifies
pollution episodes in Delhi-NCR using data from Continuous Ambient Air Quality Monitoring
Stations (CAAQMYS). Statistical techniques like Interquartile Range (IQR) and Mean Absolute
Deviation (MAD) are employed to establish criteria for these episodes, which are characterized
by sudden spikes in pollutant concentrations due to a combination of local emissions and
transboundary pollution. Understanding these episodes is crucial for analyzing the temporal
dynamics of air pollution in Delhi and identifying periods when regional contributions,
particularly from Punjab, are most significant.

Building on the emission inventory, the study updates the Emissions Database for Global
Atmospheric Research (EDGAR) emission inventory for North India using the newly
developed Punjab inventory. This updated inventory is then utilized in the WRF-Chem model

to simulate the impact of Punjab’s emissions on Delhi’s air quality. The WRF-Chem model is
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a state-of-the-art tool that integrates meteorological data with chemical transport models,
simulating the dispersion, transformation, and deposition of pollutants in the atmosphere. This
modeling phase provides valuable insights into the regional transport of pollutants and their
contribution to air quality in Delhi during specific pollution episodes. The simulations reveal
that a significant portion of Delhi’s air pollution can be traced back to emissions from Punjab,
particularly during winter months when meteorological conditions favor the transport of
pollutants from the northwest to the capital region.

The results of this analysis underscore the significant contribution of Punjab’s emissions to the
pollution levels in Delhi. Several pollution hotspots are identified in Punjab, particularly in
regions with high agricultural activity, industrial emissions, and dense vehicular traffic. During
the winter months, when crop residue burning is most prevalent, emissions from Punjab
significantly contribute to the elevated levels of PMa2.s and PMjo observed in Delhi. These fine
particles are particularly concerning due to their ability to remain suspended in the air for
extended periods and their potential to cause serious health issues, including respiratory
infections, heart disease, and lung cancer. The WRF-Chem simulations confirm that during
episodic pollution events, when air quality in Delhi deteriorates sharply, a substantial portion
of the pollutants can be attributed to transboundary contributions from Punjab.

Addressing these challenges requires regional cooperation in air quality management. Pollution
control efforts in Delhi alone may not be sufficient to achieve significant improvements in air
quality, given the transboundary nature of air pollution. Coordinated efforts between Punjab
and Delhi, as well as with other neighbouring states, are essential for effectively managing and
reducing air pollution. The analysis suggests several pollution control strategies that could
mitigate the impact of Punjab’s emissions on Delhi’s air quality. These include promoting
alternative uses of crop residues to reduce the need for burning, improving industrial emission
standards, enhancing vehicular emission controls, and implementing road dust management
practices. Each of these measures could significantly reduce Punjab’s contribution to Delhi’s
air pollution if implemented in a coordinated and sustained manner.

The findings of this analysis highlight the critical role of accurate emission inventories and
advanced air quality models in understanding and managing air pollution. The WRF-Chem
model, combined with the improved EDGAR emission inventory, proves to be a powerful tool
for assessing the impact of regional emissions on air quality and provides valuable insights for
policymakers and environmental planners. The analysis also emphasizes the need for

continuous air quality monitoring, further refinement of emission inventories, and the
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development of more sophisticated models to improve the understanding of air pollution
dynamics and its impacts.

Future research and policy development should focus on enhancing the accuracy and resolution
of emission inventories, integrating real-time data collection, and employing more advanced
modeling techniques. Additionally, greater public awareness and engagement in air quality
management efforts are necessary, along with stricter pollution control measures at both state
and national levels. Despite challenges in data availability and the complexities of modeling
atmospheric processes, this analysis significantly contributes to the field of air quality research
and offers a robust framework for future studies on the impact of regional emissions on urban
air quality.

In summary, this analysis serves as a critical resource for understanding the complex dynamics
of air pollution in North India and offers practical insights for mitigating the impact of regional
emissions on Delhi’s air quality. The findings underscore the need for a comprehensive
approach to air quality management that considers both local and regional pollution sources
and highlights the importance of advanced modeling tools in informing policy decisions. By
providing a detailed understanding of the sources and impacts of air pollution in Delhi, this
analysis contributes to ongoing efforts to improve air quality, protect public health, and ensure

a sustainable environment in one of the world’s most polluted urban regions.

Keywords: Emission Inventory, Bottom Up Approach, Domestic emissions, Vehicular, Road
Dust, Silt loading, Relative risk, Lower middle-income countries, Mortality, Morbidity, PM> s,

PM.o, SOz, NOx, CO, India, AQI, WRF-Chem
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