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ABSTRACT

Photochemical air pollution has become a global problem specially in developing world. During
last decade, the Indian cities are constantly reported to exceed national standards of ground level
ozone, including the capital city of India, Delhi. It is located in Indo-Gangetic plain that has
been routinely recording high ground level ozone concentrations. As a result, adverse impacts
on human health and vegetation have been observed. Ozone formation pathway is a complex and
non-linear process which forms in presence of precursors such as NOx, NMVOCs, and CO, in
presence of sunlight. Entire Indo-gangetic plain, covering Delhi, have observed high ozone
mixing ratios in summer and post monsoon, as analyzed from ground (Central Pollution Control
Board) and satellite observations (OMI-AURA product). Major photochemical reactions
involving NMVOCs emissions (due to biomass burning) and NOx emissions (vehicular

emissions) have led to increased ozone concentrations in the city.

In the present research, the photochemistry of Oz formation, its dependency on precursors
emissions, meteorology and transport have been studied. Oz concentrations have been analysed
as a function of solar radiation, temperature, relative humidity, wind speed, boundary layer, and
precursors (NOx and NMVOCSs) emissions. Analysis results show that during summers, there is
prevailing titration chemistry of reactive pollutants, resulting into increased ambient O3
concentration. The site specific meteorology is one of the prime limiting factor affecting the O3
formation, which results into higher ozone formation despite of low NOx emissions. The study
also has concluded that photochemical air pollution in general and exclusively ground level
ozone in Delhi city is a trans-boundary and climate induced phenomenon. Further,
photochemical pollution in Delhi city can be related to its (a) in-situ and ex-situ emissions which

include controllable and non-controllable; regulated and unregulated, accountable and non-
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accountable sources (b) its geographical location and meteorology; land-locked location and
advection of such air within the Delhi city which at times may be severely polluted. Flexible
photochemical kinetic models (regression based), using four years (2015-2018) hourly-averaged
observations for forecasting Os, with and without the impact of meteorology for the site specific
and city level have been developed. Linear regression and random forest regression models, both
aided with machine learning have been developed. The RMSE observed for hourly O3
predictions in linear regression model technique is significantly larger compared to random forest
based model. Linear regression prediction model has performed unsatisfactory for both, city
level. Random forest model has satisfactory performance at city level (R2=0.73, r =0.85). In both
the regression techniques, increased uncertainty in modelling Oz is attributed to it being
secondary pollutant and non-linear dependency on NOx, VOCs, CO, radicals (OH and HO>) and
micro-climatic meteorological parameters. Additionally, varying diurnal pattern adds to making
O3 prediction strenuous. Importance of different variables (predictors) is also computed for O3,
which lists relative solar radiation, NO., wind speed and NO as best predictors respectively.
Analysis of importance points out toward equal role play of precursors and meteorology in O3
formation. The research has concluded that the site-specific models with meteorology of lower
degree polynomial transformations performs satisfactorily. The developed models can be used

to forecasts the O3 concentrations at heavily polluted sites of Delhi city.

Further, the transport of ozone and role of NOx and individual NMVOCs have been studied
using Weather Research and Forecasting model coupled with Chemistry (WRF-Chem v3.9.1)
The model considers meteorology and regional emissions of NOx, NMVOCs, and CO as its
input. Emissions from anthropogenic, biogenic, and biomass burning sources are included from
the EDGAR- HTAP global emission inventory, MEGAN model and NCAR FINN inventory,

respectively. Model simulations have been performed over a coarse domain covering entire north
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India (12 Km x 12 km resolution), and a nested domain (4 km x 4 km), both centered over the
Delhi NCR. High Os episodes of summer (May 2016) and aerosol loaded post- monsoon (Nov
2016) seasons have been studied. WRF-Chem successfully reproduces the spatial distribution of
O3 with enhanced mixing ratios over the entire IGP, especially over the north-western part (70
ppbv), and Delhi city during summer. It is observed that improved local meteorology and
dynamics in finer resolution simulations (4km x 4km) reduce the biases in O3 simulations. Mean
O3 over Delhi city is slightly lower (55-65 ppbv) than the surrounding regions, attributed to
stronger titration through anthropogenic NOx emissions. This is consistent with higher NO2 over
Delhi (16-18 ppbv) than those over other parts of the IGP (8 ppbv or less). Model typically
overestimates the seasonal average when compared with ground-based observations but is

capable of replicating the diurnal mixing ratios.
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