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ABSTRACT

Air pollution is one of the major urban problems in both developed and developing countries.
The rapid increase in urban population, industrialization, and the exponential growth in
vehicular fleets collectively culminate in the emission of gaseous and particulate pollutants into
the atmosphere. In order to implement pollution mitigation policies, it is imperative to study
the source of emission and its dispersion in the environment, especially in developing countries
where monitoring stations are not in sufficient numbers, which are economically burdensome
and occasionally impractical. In this context, regulatory atmospheric dispersion models play a
vital role in the assessment of ambient air quality. Dispersion modelling offers a solution by
being able to estimate the impact of point, line, volume, and area sources on surface air quality
in any given airshed, given accurate emission source characteristics, land use, terrain,
meteorological data, and a measure of the total atmospheric concentration of the metrics in the
model domain. However, previous studies have identified various irregularities in the
prediction of pollutants, such as overestimation or underestimation across different scenarios.
Many studies have suggested improving the performance of regulatory models for operational
use by introducing improvements in various model inputs, including detailed atmospheric
chemistry. The objective of this thesis is to improve the performance of the AERMOD model,
a widely used time and cost-effective regulatory dispersion model.

Apart from being an important model input, emission inventories are helpful in keeping track
of the most significant emission sources, facilitating the identification and prioritization of
mitigation strategies, and informing policymakers and stakeholders about trends and patterns
in emissions. Thus, an accurate emission inventory is a fundamental component for simulating
pollutant dispersion and concentration in regulatory models. Therefore, the first objective of
the thesis is to prepare a fine-resolution emission inventory for the study area, ie. Delhi NCT.
The emission inventory for the year 2019-2020 has been prepared at a spatial resolution of 1km
x 1km using top to bottom approach. The inventory has comprehensively accounted for the
most significant sectors contributing to the highest levels of emissions within the study area,
e.g., industry, transportation, household and restaurant industries, MSW burning, aircraft
emissions, etc. The emission hotspots were detected for Delhi NCT, and the emission inventory
was validated using the AERMOD model, whereby the model performance was assessed using
various statistical parameters, and the results were found to be satisfactory. The estimated
emission data were also compared with various previous studies, which are covered in Chapter
2.



To develop effective regulatory policies, it is necessary to gain a better understanding of the
regional background concentrations of pollutants. The models tendency to underestimate
pollutants concentration can also be attributed to unaccounted emission sources in the emission
inventory. Background Concentration is also defined as the concentration of a pollutant in a
given air mass when there is no mixing of impurities due to local anthropogenic sources and
natural and anthropogenic sources from outside the air shed. Thus, background concentration
apart from being an important model input is also a measure of the minimum pollutant
concentration level to which a population is exposed to. In this study the background
concentration of the study area is estimated using meteorological filtering and statistical
techniques and is covered in chapter 3. The meteorological filtering factored in the phenomena
involving stagnation caused by low wind speed and temperature inversion. Whereas spectral
analysis and the Kolmogorov-Zurbenko (KZ) filter were used in combination to reduce the
influence of synoptic fluctuation in the time series. The estimated background concentrations
were compared with the concentration obtained during Covid Lockdown period.

Later in chapter 4, the background concentration estimated using statistical method was
validated using WRF Chem model. The chapter also attempts to quantify the pollutants
contribution due to long-range transport in a severe pollution event. Long range transport is
one of the major contributors to air Pollution in Delhi National Capital region. However,
limited attempts have been made to study the characteristic of the long-range transport and its
contribution during severe pollution events across the seasons. In this study, the WRF Chem
model was used to quantify the contribution of regional transport to severe pollution events
across the seasons and estimate the background concentration. This experimental design was
used to estimate the background concentration levels for the study region. This determination
is a crucial aspect of environmental monitoring and research, as it establishes a baseline level
for each ambient pollutant.

Finally, the last working chapter 5 compares the the AERMOD model performance using
emission inventory with and without background concentration, with meteorological data
prepared using WRF model and with model simulations from WRF-Chem. It was observed
that the AERMOD model underpredicted the particulate pollutants and overpredicted the
gaseous pollutants in default case (using high resolution emission inventory). The AERMOD
model tends to overpredict pollutants under stable atmospheric conditions. Enhancements in
boundary layer parameterization could improve performance during these conditions. The
model's accuracy improved for particulate pollutants during summer and monsoon seasons

when using estimated background concentrations. For gaseous pollutants, performance was



somewhat better during monsoons. In the WRF-AERMOD coupled system, the model
performed better in winter across all pollutants compared to summer and monsoon months.
Using meteorological data from monitoring stations yielded results comparable to those using
WREF model forecasts. The default WRF-AERMOD scenario showed promise in overcoming

limitations related to unavailable meteorological parameters.

Vi
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