
Urban local air qualitymanagement framework for non-attainment areas
in Indian cities

Sunil Gulia a, S.M. Shiva Nagendra b, Jo Barnes c, Mukesh Khare a,⁎
a Civil Engineering Department, Indian Institute of Technology Delhi, Hauz Khas, New Delhi, India
b Civil Engineering Department, Indian Institute of Technology Madras, Chennai, India
c AQMRC, University of West of England, UK

H I G H L I G H T S

• Local scale air quality management is an
important tool for better urban air
quality.

• ULAQM framework is based in predic-
tion of hybrid model.

• ULAQM framework tested for NOx and
PM2.5 concentrations at Delhi and Chen-
nai locations in India.

• ULAQM significantly reduce the NOx

and PM2.5 concentrations.
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Increasing urban air pollution level in Indian cities is one of the major concerns for policy makers due to its
impact on public health. The growth in population and increase in associated motorised road transport de-
mand is one of the major causes of increasing air pollution in most urban areas along with other sources
e.g., road dust, construction dust, biomass burning etc. The present study documents the development of
an urban local air quality management (ULAQM) framework at urban hotspots (non-attainment area) and
a pathway for the flow of information from goal setting to policy making. The ULAQM also includes assess-
ment and management of air pollution episodic conditions at these hotspots, which currently available city/
regional-scale air quality management plans do not address. The prediction of extreme pollutant concentra-
tions using a hybrid model differentiates the ULAQM from other existing air quality management plans. The
developed ULAQM framework has been applied and validated at one of the busiest traffic intersections in
Delhi and Chennai cities. Various scenarios have been tested targeting the effective reductions in elevated
levels of NOx and PM2.5 concentrations. The results indicate that a developed ULAQM framework is capable
of providing an evidence-based graded action to reduce ambient pollution levels within the specified stan-
dard level at pre-identified locations. The ULAQM framework methodology is generalised and therefore can
be applied to other non-attainment areas of the country.
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1. Introduction

Urban air pollution (UAP) is amajor concern inmostmegacities (with
population N 10 million) around the world. The pollution level exceeds
the national and international ambient aswell as health- based air quality
standards (Gurjar et al., 2008; Marlier et al., 2016). The growth in urban
population and associated increased volume of motorised traffic in cities
are majorly responsible for severe air pollution (MoPNG, 2003; Badami,
2005; Molina et al., 2007; Singh et al., 2007; Wang et al., 2010; Kumar
et al., 2017). The sudden rise in vehicle exhaust emissions during peak
traffic period results into extreme air pollution events (episodes) at
urban hotspots (Chelani, 2013; Pant et al., 2015; Cakmak et al., 2014).
Urban hotspot is the location in the city where air pollution level are al-
ready fails or likely to fails to meet national ambient air quality standards
(NAAQS) due to high source activities or adverse meteorological condi-
tion or both. Mostly, the central business districts, busy traffic intersec-
tions and heavy trafficked congested roadways convert in to urban
hotspot (Gokhale and Khare, 2007; Kanlindkar, 2007; Tiwari et al.,
2012). Due to the heterogeneous andunplanned growthof cities in devel-
oping countries, themovement of vehicles is non-uniform throughout the
city,which results in high spatial variations in pollutant emissions leading
to formation of urban hotspots. In addition, topographical and meteoro-
logical variations in urban areas lead to complex spatial and temporal var-
iations in pollutant concentrations (Gokhale and Khare, 2007).

Over the last few years, increasing air pollution inmega and growing
cities in India has become one of the major problems affecting the
environment (Gurjar et al., 2016; Amann et al., 2017). Air pollution con-
centrations frequently exceed NAAQS especially during the winter sea-
son when atmospheric dispersion potential is very low (Guttikunda
et al., 2014; Gulia et al., 2017a). In particular for Delhi city, increasing
concentrations of particulate matter (PM) result in tens of thousands
of premature deaths and six million asthma attacks each year
(Guttikunda and Goel, 2013; Lelieveld et al., 2015). Kesavachandran
et al. (2015) have reported that those undertaking physical exercise
outdoors at locationswith higher PM2.5 (≤2.5 μm in aerodynamic diam-
eter) concentrations in Delhi are at a risk of lung function impairment.
Further, Maji et al. (2017) have estimated that mortality attributable
to PM10 in Mumbai and Delhi has increased by ~1.6 and ~2.5 times, re-
spectively in year 2015 compared to year 1995. However, annual aver-
age mortality due to PM2.5 in Mumbai and Delhi was reported 10,880
and 10,900, respectively in the year 2015. They also estimated that
total economic cost increased from US$ 2680.87 million to US$
4269.60 million for Mumbai city and US$ 2714.10 million to US$
6394.74 million for Delhi city from year 1995 to year 2015 due to in-
creased PM10 concentrations. Therefore, there is a need to reduce air
pollution exposure related health impacts which can be accomplished
by controlling/managing the increasing urban air pollution loads
through an efficient and effective integrated management plan.

Current air quality management practices/action plans (AQMP)
(CPCB, 2009; NILU, 2007; Sivertson, 2008; Moussiopoulos et al., 2010)
are useful at the city level but inadequate to address sudden rises in pol-
lution at an urban hotspot or non-attainment area (NAA). Each NAA is
unique in terms of spatial and temporal patterns of emission sources.
Therefore, one of the essential requirements is the site specificity of an
AQMP, whichmake it capable of effectively dealingwith the complexity
of atmospheric changes, topographical constraints and pollution
sources at local scale. The concept of air quality management at a local
level, as required by the Environment Act 1995 in the United Kingdom
(UK), is described by Longhurst et al. (1996) for notified air quality
management areas. The researchers emphasise the importance of the
role of relevant local government departments, for air quality manage-
ment at a local scale. Later, Beattie et al. (2002) have reviewed thework-
ing pattern of various local authorities in England and found gaps in
joint working between departments within the authorities and with
non- local government agencies impacted on the successful implemen-
tation of the local air quality management process. They also observed a

lack of political will and funding for implementation of mitigation mea-
sures for air quality improvement. As a result, they suggested that effec-
tiveness of particular measures should be evaluated not only based on
scientific and economic parameters but also on public and political ac-
ceptability. In the UK, local air quality is still managed through an im-
proved version of the Local Air Quality Management (LAQM)
framework (DEFRA, 2016). Following the UK LAQM approach, Gokhale
and Khare (2007) have also introduced the concept of an episodic
urban air quality management framework to control CO pollution for
Delhi city. However, this is currently a theoretical framework and not
tested to evaluate the impacts of interventions. Recently, Li et al., 2017
suggested that air quality management strategies, including regional
environmental coordination and collaboration, restrictive vehicle emis-
sion standards and promotion of public transport should strictly imple-
ment for improvement of urban air quality. They also reported that
source apportionment based on high time resolution of trace element
can be a powerful tool for local air quality management.

The present study aims to formulate an urban local air quality man-
agement (ULAQM) framework to manage the exceedences of air pollu-
tion thresholds at specified locations in urban areas in Indian cities.
Further, the developed framework has been tested theoretically to in-
vestigate its effectiveness in reducing NOx and PM2.5 concentrations in
Delhi and Chennai cities, respectively.

2. Status of vehicular air pollution in India

Motorised vehicles have emerged as one of the major contributors to
increased levels of urban air pollution in India (Sharma andDikshit, 2015;
Kumar et al., 2017; Dhyani et al., 2017). The population of registered ve-
hicles in India has increased from 67 million in 2003 to 210 million in
2015 (MoRTH, 2017). Similar growth has been observed in fuel consump-
tion. Based on 2012–13 data, India's total diesel and petrol consumptions
were 69.74 and 15.7 million tons, respectively with the transport sector
accounting for about 70% of diesel and 99.6% of petrol consumption
(MoPNG, 2013). In Indian metropolitan cities (Delhi, Mumbai, Kolkata,
and Chennai), ambient PM concentrations frequently violate the NAAQS
as well as WHO guideline thresholds (Gupta and Kumar, 2006; Singh
et al., 2007; CPCB, 2010a, 2010b; Gupta et al., 2010). Ramachandra and
Shwetmala (2009) have reported that India's transport sector emits
258.10 Tg of CO2, of which 94.5% is due to motorised road transport.
The Central Pollution Control Board (CPCB) Delhi has reported that vehic-
ular emission contribution to the total urban air pollution in Delhi and
Mumbai is about 76–90% for CO, 66–74% for NOx, 5–12% for SO2 and
3–12% for PM (CPCB, 2010a). In the recent past, Sharma and Dikshit
(2015) have estimated that approximately 12.9 Ton/day, 11.6 Ton/day,
113.4 Ton/day, 1.2 Ton/day and 322.4 Ton/day of PM10, PM2.5, NOx, SO2

and CO, respectively are emitted from in use road vehicles in Delhi city.
This indicates that urban air quality in developing countries is deteriorat-
ing due to high vehicular activities and related inadequate management
practices. The following sub-sections discuss the sources and other relat-
ed air pollution issues in two Indian megacities, Delhi and Chennai cities
(Sections 2.1 & 2.2)which have also been considered as case study exam-
ples in the application of the developed ULAQM.

2.1. Delhi city

Delhi city has a population of 16.8 million, which has grown at a de-
cadal growth rate of 47% (Census, 2011) spread over an area of
1483 km2 at average altitude of ~215 m above mean sea level. The
city faces heavy seasonal climatic variability. For example, temperature
varies from minimum of 4–5 °C during the winter (months of Decem-
ber–February) to maximum of 45–48 °C during the summer (months
of March–May) (Perrino et al., 2011). The winter season faces frequent
ground based inversion conditions which restrict the dispersion of pol-
lutants. Further, the monsoon season experiences N80% of the annual
rainfall. Studies consistently show high PM10 and PM2.5 concentrations
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