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Urban Green Space, Health Economics
and Air Pollution in Delhi

This book looks at the ecological stress on cities and engages with chal-
lenges of reducing vulnerabilities and risks of pollution on the health, well-
being and livelihoods of people living in developing countries. Cities are the
world’s highest energy consumers and the biggest producers of toxic wastes
and pollutants.
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the volume focuses on steps to preserve and manage the city’s urban green
spaces. It explores the concept of urban green spaces and their economic,
social, health, and psychological significance in cities. Drawing from their
fieldwork and research in Delhi, the authors identify the sources of pollu-
tion in the city and assess the role of urban green spaces in countering
adverse effects. They further examine the relationship between green spaces
and social and economic development, urban health, and urban governance.
They highlight the good practices followed by other global cities. The vol-
ume also offers suggestions and policy recommendations to reverse and
recover ecological balance in cities.
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Preface

The human species has marked its presence on the Earth by reshaping the
landscapes with numerous social and economic activities. Urbanisation is
inevitable in the modern world. Cities have become symbols of human
dominance and triumph. Agriculture and industry are two strong pillars of
human establishment. Industrial development led to massive urbanisation
worldwide. After the 1990s, tertiarisation shaped the emancipated megaci-
ties. The reckless behaviour of man has hampered the urban ecosystem by
misusing and abusing the natural resources, especially in cities. Growth in
number of cities and population residing in them has shown a drastic
increase in the last century. Cities occupy nearly 3 per cent of the world’s
land and accommodate around 55 per cent of its population. The increase
in concentration of population in limited areas has pressurised the natural
biomes. Asia has some 48 per cent of its population residing in urban areas.
India, China and Nigeria contribute to 37 per cent of urban population in
Asia and Africa together. Tokyo is the world’s largest city with an agglom-
eration of 38 million inhabitants, followed by Delhi with 25 million,
Shanghai with 23 million, and Mexico City, Mumbai and Sao Paulo, each
with around 21 million inhabitants. By 2030, the world is projected to have
41 megacities with more than 10 million inhabitants (UN, 2014). The huge
increase of population in cities has led to contraction of agricultural land,
forest land and other open spaces.

Green spaces are imperative for healthy growth of cities and its residents.
Green spaces in cities have social, psychological and health impacts. These
spaces are essential for the residents to breathe fresh and clean air. Trees are
very important elements of the sustainable urban ecosystem. Due to various
developmental activities like building of roads, rails, housing and commer-
cial complexes etc, green spaces are reducing in the city and have become
last in the priority list of the planners and policymakers. Cities are consid-
ered to be the engine of economic growth, but now they are turning into
symbols of unsustainable growth, especially in the developing nations of
Asia and Africa.

The Greenpeace Report, 2018, says that India has 22 of the 30 most pol-
luted cities of the world, and Gurugram is reported to have the most
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polluted air of the world. Coal burning and vehicular emissions are the
most common and major contributors to air pollution in the Asian cities of
India, Pakistan and China. The report adds that around seven million peo-
ple die every year in the world due to air pollution.

According to Sandifer et al. in 20135, ‘The roles of Urban Green Spaces in
supporting biodiversity and the linkages among biodiversity, human health
and ecosystem function have so far received insufficient attention’. This
book tries to explore several aspects of the linkages between green spaces,
air pollution and health in Delhi. Nearly 97 per cent of Delhi’s population
lives in its urban areas. Delhi has a population density of 11,297 persons
per sq. km. It is considered to be among the most polluted yet greenest capi-
tal cities of the world. Twenty per cent of its area is vegetated, but even with
the availability of 21 square metres of green area per person (Forest Survey
of India, 2016), it has miserably bad air. Green spaces in Delhi have not
been planned properly. Air pollution has become a major issue of concern.
The residents of Delhi are breathing the worst quality air. The city lacks an
effective plan to curb the issue. Numerous saplings were planted before the
2010 Common Wealth Games in South and South West Delhi, brought
from different countries like China, Sri Lanka and Malaysia. Biodiversity
parks and the city forest are also being created and maintained; yet, the citi-
zens of Delhi suffer from numerous health ailments. Vehicular pollution,
industrial pollution, pollution due to waste disposal and power generation
are among the major culprits. The book begins with introducing the con-
cept of green spaces and their significance. By focusing primarily on Delhi,
the book covers a past-to-present journey of green spaces in it. It later dis-
cusses the challenge of depleting green spaces and increasing air pollution,
by explaining the link between the two. The book also emphasises upon the
financial and economic aspects linked to the human health level in Delhi.

The solution lies in adopting a holistic approach. The government is
generally forming short-term policies and attempting to just bandage the
wounds. It should rather focus on a pragmatic approach to build the poli-
cies and urban designs with an eco-friendly perspective. Residents are care-
less and authorities are not willing to invest in something which does not
generate direct financial profit but rather demands investment. Sadly, we
fail to understand that ‘health is wealth’. A healthy nation can generate
profits at much accelerated speed than an unhealthy nation. Delhi is the
asthmatic capital of the world; the number of asthma patients has shown
a nearly 300 per cent rise in the last few years. Residents have been paying
a heavy cost of staying in a polluted and unhealthy environment. As a
quick short-term measure, odd—even cars are supposed to ply on roads on
odd—even dates, respectively. On high pollution alert days, residents are
advised to stay indoors. A pollution holiday is declared by the government
by shutting down the schools. Children are more vulnerable to such haz-
ards. The health expenditure for both curative and preventive care is
increasing day by day.
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Delhi needs a huge health investment plan, where on the one hand, the
focus should be on creating a sustainable environment and on the other
hand, the government should sensitise and subsidise the adoption of
green health insurance policies. The problem of air pollution, which is
turning out to be more dangerous day by day, has to be addressed by
making both short-term and long-term policies. There is a need to invest
in establishing institutes that can impart training in urban and environ-
mental engineering.

The book clearly restricts itself to a spatial and economic approach by
incorporating various parameters of the issue of shrinking green spaces, air
pollution and health. While writing this book, the authors came across sev-
eral documents, reports, news coverage, media discussions, etc., all pin-
pointing the felling of trees, problem of air pollution and rising asthma
cases in Delhi. Although it was very difficult to include all sources and
related data, the book tries to include the authentic sources and impactful
studies. The book is based upon both secondary sources and primary sur-
veys. It is written in a systematic manner; it moves from a spatial approach
to a historical journey, then the economic perspective and later it gives a
technological insight. It focuses upon the concept and need of green spaces
and the quantity of green spaces needed in urban areas. The book figures
out the temporal changes in urban green areas from the early historical
period to the present modern period. It includes both planned and natural
green spaces and their interface with empires, planners, policymakers and
the public. The book analyses and maps the level of air pollution in Delhi,
based on data collection at various green and non-green spaces. It discusses
the causes and consequences of depletion of green spaces and increasing air
pollution. The hotspots in relation to temperature and pollution have been
identified, tabulated and mapped by using the data collected by air quality
monitors. The book also focuses on the extent of health issues and related
health economics. Prevalence of pollution leads to the frequent occurrence
of seasonal diseases like dengue, chikungunya, fever, common cold and
cough, asthma, bronchitis, eye infections, and skin diseases, which have
been causing a heavy burden of healthcare cost on an individual or a house-
hold. People are spending a huge amount of money on both preventive and
curative costs. They pay a high cost for every single episode of hospitalisa-
tion or visit to the doctor. Heavy out-of-pocket expenditure on health is one
of the important causes of poverty, which adversely affects access to health-
care. It is catastrophic to poor households and further impoverishes them.
This study aims at converting this out-of-pocket expenditure into prepay-
ment schemes through health insurance on the basis of willingness to pay,
which will lower the financial burden of medical expenses, enabling access
and protecting them from the economic ruin caused by high health expen-
diture. The study suggests the importance of insurance for health in the
form of ‘Green Health Insurance’. Green insurance products with a low
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premium would help to finance seasonal diseases caused due to environ-
ment pollution, especially for the poor and workers from unorganised sec-
tors in the urban areas.

The book thus tries to make the readers think from various perspectives
of green spaces, air pollution and health in Delhi. The authors have made a
genuine effort to demonstrate the extent of the issue and highlighted the
solutions to it. There can be many more perspectives and approaches to
understand the interface of green spaces, air pollution and health, that can-
not be undermined; therefore, the authors have taken due care to maintain
the relevance of their approach and respectfully leave the further scope of
the multifarious ways to handle the issue. The book, on the one hand,
emphasises the need of having green spaces and curbing air pollution in cit-
ies, and on the other hand, analyses the financial and economic perspective
of managing the grim situation.

New Delhi, India
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Introduction

Cities in the world are struggling from various complex and diverse chal-
lenges. Megasettlements with serpentine transport and communication net-
works, inexorable construction work, industrial townships, etc., have on
the one hand, ensured convenience and on the other hand, created spheres
of bio-geo-chemical modified landscapes. Among the many challenges is the
challenge of air pollution. In the cities, trees are being cleared and chemicals
are penetrating the air from various sources every second. Removal of these
chemicals from the air is a challenging task, which means that people in the
cities breathe in this polluted air making them vulnerable to many health
risks. These health issues besides having an impact on the body also have a
financial cost. The cost of increasing air pollution and being unhealthy has
to be borne by people living in these cities. It is therefore important to anal-
yse and understand the relationship between green spaces and air pollution
to manage health economics in urban areas (Figure I.1).

According to UNDP, cities of the world occupy 3 per cent of land but
consume around 70 per cent of energy and are responsible for 70 per cent
of carbon emissions. They contribute to around 90 per cent of the world’s
GDP. Sustainable growth and environment conservation have to be the ulti-
mate goals for the survival of mankind on the Earth. Natural vegetation
cover is the only saviour for sustainability, considering the fact that the
process and pace of production cannot come to a standstill. Vegetation
cover has to be planned smartly and has to be considered as an integral part
of the development process.

Air pollution does not follow manmade national and international
boundaries. Pollutants can be carried away by the air current to faraway
places. The area which is the source of air pollution is the worst affected and
its effect diminishes as we move away from its source. The land use changes
of the city causes a slow and steady change in its microclimate. Excessive
vehicular traffic, industrial and domestic effluents enter the air. The vapour,
chemical and smog accumulates in the air just above the surface it becomes
heavier, therefore, hindering the speed and process of air circulation thereby
choking the cities. The horizontal movement of air and the development of
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Figure I.] Simplified model of linkage between green space, air pollution and health
economics.

Source: Authors

surface ozone is also common in the core of the city. The cities thus experi-
ence a phenomenon called ‘heat island’, especially in summers.

The harmful impact of various pollutants in the air is unequivocal. The
United States Environmental Protection Agency has categorically men-
tioned that long-term or short-term exposure to fine particle pollution, also
known as PM2.5 (Particulate Matter), can cause premature death, harmful
effects on the cardiovascular system and asthma. Moreover, long-lived
greenhouse gases which trap heat in the atmosphere including carbon diox-
ide, methane, nitrous oxide and fluorinated gases are released due to vari-
ous diverse human activities (https://epa.gov/). According to USGC global
monthly, average concentrations of carbon dioxide have risen steadily from
330 parts per million in 1980 to 407 ppm in 2018, an increase of more than
20 per cent in less than 40 years.

According to National Center of Biotechnology Information (NCBI),
excessive breathing of CO, can lead to breathing troubles, increased heart
rate, elevated blood pressure, etc. Nitrous oxide concentration in the air has
also drastically risen in last 50 years. Presently, it is 329.9 parts per billion.
According to NCBI, excessive exposure of nitrous oxide leads to high blood
pressure, nausea, headache and breathing disorders.

India has nine out of the ten most polluted cities in the world. Researchers
estimate that smog pollution killed around 1.24 million people in 2017.
According to the American Thoracic Society, 2019, reductions in air pollu-
tion yield fast and dramatic impacts on health outcomes as well as decreasing
morbidities.

Reducing air pollution and establishing sustainable cities can be achieved
by building green spaces. Green spaces are semi-natural areas that not only
have the environmental function of blocking noise, reducing carbon emis-
sions and air pollution, conserving water and soil, adjusting the microclimate
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and moderating temperatures, but also have the ecological functions of
recovering fertility, preserving ecologically sensitive areas, providing the
habitat and feeding spaces for various species and stabilising ecological
systems. Moreover, it enhances environmental beauty and visual aesthetics.
It also strengthens social cohesion and place identity within communities
by providing environmental awareness, recreation and cultural exchange.
Additionally, green spaces improve people’s sense of satisfaction and hap-
piness and reduce stress.

The United Nations Conference on Sustainable Development (UNCSD),
Organization for Economic Co-operation and Development (OECD), UK
government sustainable development framework indicator (UKSDI) and
Towards Sustainable Europe all use green space as an important indicator
for evaluating the sustainable development (Liu and Shen, 2014). A city
devoid of quantity and quality of urban green spaces (UGS) becomes a con-
crete jungle or a polluted city vulnerable to calamities, with low liveability
index. UGS provide benefits to the city that helps mitigate these negative
effects (Ridder et al., 2004), and are valuable amenity—recreation venues,
wildlife refuge and essential liveable-city ingredients (Jim & Chen, 2003).

Sustainable development goals and cities

According to World Health Statistics 2016, achieving a sustainable and
healthy future for all requires action on air pollution, which is a major
cause of morbidity and mortality globally. The new Sustainable Development
Goals (SDGs) provide a massive opportunity for addressing air pollution
and the related burden of increased health risks and diseases. The list of
targets related to health, air pollution and sustainability includes:

SDG target 3.9, which calls for a substantial reduction in deaths and ill-
nesses from air pollution

SDG target 7.1, which aims to ensure access to clean energy in homes

SDG target 11.2, which aims to provide access to safe, affordable, acces-
sible and sustainable transport systems for all

SDG target 11.6, which aims to reduce the environmental impact of cit-
ies by improving air quality

WHO is currently involved in the development and monitoring of the fol-
lowing SDG indicators: Air pollution-related mortality (SDG 3.9.1); Access
to clean energy in homes (SDG 7.1.2) and air quality in cities (SDG 11.6.2)
(World Health Statistics 2017).

More than half of the world’s people now live in urban areas and the
proportion will rise to two-thirds by 2050; the urban population will reach
6.4 billion people by 2050, driven by high rates of urbanisation and popu-
lation growth (United Nations, 2014). Understanding how health is affected
by urban environments is therefore of the upmost importance.
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A growing body of evidence shows a relationship between urban green
spaces and reductions in several diseases, as well as improving people’s
health and well-being, especially for low-income and deprived urban pop-
ulations (Mitchell and Popham, 2008; Maas et al., 2009; Mitchell et al.,
2015). Lower exposure to green space has been associated with a number
of lifestyle diseases such as obesity, Type II diabetes, osteoporosis and
stress-related illnesses such as depression, heart diseases and mental fatigue
(Ulrich et al., 1991; Mitchell and Popham, 2008). Evidence also shows
that access to green space can promote physiological effects such as lower
concentrations of cortisol, lower pulse rate and blood pressure, greater
parasympathetic nerve activity and lower sympathetic nerve activity com-
pared to urban environments (Park et al., 2007, 2010; Lee et al., 2011;
Song et al., 2016). These studies suggest that green space may offer oppor-
tunities to buffer or mitigate health outcomes for urban populations
(WHO, 2017).

There is disparity in health expenditure worldwide. More than half of the
population in the world does not have access to formal social protection
schemes (WHO, 2010). In India, the disparity on health care cost and
expenditure done by the state is pretty evident. The high cost of frequently
prevalent diseases caused due to pollution has to be borne by the people.
This increases their out-of-pocket expenditure. The heavy financial burden
of diseases becomes unbearable for middle class and low economic class
people. At times, people have to sell their property or land or precious
belongings, take loans or even make compromises related to the health and
survival of the sick or the elderly. Where cities face constant and frequent
cases of air quality or lifestyle health challenges, special health insurance
products need to be built for these areas to minimise the out-of-pocket
expenditure of the people.

Therefore, an analysis of linkages between air pollution, green spaces and
health care cost is of great importance. Our health depends on our environ-
ment and we cannot ignore the environment while focussing solely on rapid
urbanisation or the growth of our economies.

The book presents the relationship between urban green spaces, air pol-
lution and health. The first chapter of the book highlights the concept of
urban green spaces and their significant role in cities. The next chapter dis-
cusses the green spaces present in Delhi from past to present. The third
chapter gives an insight into the extent of air pollution in Delhi by high-
lighting various causes. Lack of green spaces and high pollution levels are
linked to various health challenges. Chapter 4 discusses the extent of health
challenges with the help of primary and secondary data. Chapters 5 and 6
talk about the health economics, out-of-pocket expenditure and financial
burden on the city dwellers because of the persistent environmental chal-
lenges. Concluding chapter discusses various good practices followed by
different countries. It also focuses on the present policies and scope of such
good practices in Delhi.
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Research methodology and data analysis

The study covered in this book is based on both primary and secondary
sources of data. The secondary sources include published reports of the
World Health Organization (WHO), Census of India, Central Pollution
Control Board (CPCB), Planning Commission of India, and National
Health Estimates. The study also takes into consideration the data and
papers published in renowned national and international journals and
newspapers. The book incorporates the mapping of green spaces using
Global Positioning System (GPS), satellite images and Geographic
Information System (GIS).

To identify the green spaces, the study uses satellite images of Landsat
(Landsat 7, October 2002 and Landsat 8, April 2016). Landsat 7 (2002)
and Landsat 8 data (2016) with 30 metres of spatial resolution were taken
into consideration. Landsat 7 bands: are Band 1 (Blue), Band 2 (Green),
Band 3 (Red), Band 4 (NIR). Landsat 8 bands are Band 2 (Blue), Band 3
(Green), Band 4 (Red), Band 5 (NIR), Band 6 and Band 7, to make the
bands composite. After getting the images geo-registered, a supervised clas-
sification technique was performed. After the Land Use and Land Cover
(LULC) map preparation, Normalised Difference Vegetation Index (NDVI)
was also calculated to understand the density of greenness. From the LULC
map, the vegetation class was derived, coupled with Agricultural class and
Park class. For validating the vegetation class, NDVI calculation was con-
ducted, because NDVT is the most generalised index of plant ‘greenness’.
Hence, the output maps show the classes of vegetation, agriculture and
parks for the years 2002 and 2015. A land use and NDVI map of 2016 was
also prepared.

The study uses maps to show the variation in temperature and pollution
level at different locations of Delhi. Besides maps, the study uses descriptive
analysis by using relevant statistical diagrams like bar diagrams, pie dia-
grams and trend lines to represent the data.

The spatial analysis of temperature variation and air pollutants (mainly
PM2.5, PM10 and CO,) was done on the basis of data collected through
manual air quality monitor (AQM). Data were collected at 35 different
locations of the city. The sample was thus determined by keeping in view
various sectors and green and non-green spaces of Delhi. Care was taken
to identify the 35 locations in such a way that they covered various catego-
ries of land use like residential, commercial, market, traffic junctions, water
bodies, and semi-natural areas like forest or ridge. The GPS instrument
was also used in order to acquire the absolute location (cardinal points).
Data were collected twice in the month of June, between 10th and 15th,
2016 (11:00 am to 3:00 pm). Data (temperature, PM2.5, PM10 and CO,)
were recorded at 35 selected locations and then mapped to check the rele-
vant role of green spaces and type of economic activities in the extent of
pollution. Data were also collected for temperature and relative humidity



