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Abstract

The rapid pace of urbanization and increasing urban density in India has led to critical concern about the
sustainability and livability of urban environments. In the city of Gurugram, public open spaces (POS) like
parks and playgrounds are limited, highlighting the problem regarding their availability and accessibility.
This study analyzes the current distribution of POS in the city of Gurugram at the ward level and compares
the existing situation with national planning guidelines. It also aims to identify the population served by POS
and the areas deficit in POS provision. The analysis reveals a deficit in per-capita POS at the city level,
which stands at 3.14 m? and shows high variability across different wards. A significant gap in the provision
of housing area and neighborhood level POS was observed. The accessibility index calculated using Geo-
graphic Information System (GIS) based network analysis, reveals uneven access patterns across the city,
with five wards lacking POS accessibility for residents, located primarily in central and southern-central
areas. None of the wards of the city had all of its area serviced by POS, and only six wards had above 50
percent of the population residing in area serviced. These findings emphasize the need for strategic interven-
tions to ensure universal access to POS, aligning with the sustainable development goals for urban areas.

Keywords: GIS; Network Analysis; Public Open Space; Urban Planning.

1. Introduction

Cities are vibrant centers of public life (Brenner et al., 2009; Gehl et al., 2011). The identity of a
city is shaped by its public spaces, as they are the assets of urban areas available for the collective
enjoyment of the people. The term "public space™ encompasses all places that are publicly owned
or utilized and open to the public free of charge and without any commercial agenda. They are
open to everyone, irrespective of gender, race, ethnicity, age, or socio-economic status (Chan,
2023). Public open space is an important component of public space, which includes publicly
accessible parks, gardens, playgrounds, beaches, riverfronts or waterfronts.

The quality of life in cities is determined by the relationship between individuals and their urban
environment (Das, 2008). In order to cultivate a sense of community in urban areas, building
environments that encourage communication across all demographic groups and their surround-
ings is essential. Public open spaces (POS) provide people the opportunity to interact with nature
as well as other urban residents, making them a crucial component of the urban environment.

POS are integral parts of a city’s everyday life (Johnson & Glover, 2013). They have a central
role to play in promoting social inclusion (Seeland et al., 2009; Hadavi & Kaplan, 2016), fostering
active citizenship (Di Masso, 2015) and enhancing overall quality of life (Beck, 2009). Moroni
and Chiodelli (2014) state that one should never narrowly perceive POS solely as a space for
recreation but also as a place where individuals can gather to engage as people rather than mere
customers or clients. When POS are well-connected and easily accessible, they serve essential
cultural services and contribute significantly to the urban environment (Peters & De Haan, 2011;
Ye, 2019). Activities like people-watching, participating in sports, attending events, running or
walking, unwinding and socializing can all be done in public open spaces (Francis et al., 2012;
Hadavi & Kaplan, 2016). Significant positive correlations have also been found between public
green use and physical (Holy-Hasted & Burchell, 2022) and mental well-being (Dadvand et al.,
2016; Hunter et al., 2019). Cohen et al. (2008) found a strong association between living envi-
ronments with ample parks and a higher level of satisfaction with social relationships. The use of
POS fosters a sense of comfort, familiarity, togetherness and facilitates acquaintance with neigh-
bors, thereby potentially enhancing social ties (Peters, 2010). Wan et al. (2021) also performed a
systematic literature review validating the relationship between public green space use and en-
hanced feelings of social cohesion.

A growing body of research explores the wider implications of adequate POS distribution, like
enhanced landscape quality (Shahfahad et al., 2019) and quality of life (Nasution & Zahrah,
2014). One of the key ways POS promotes well-being appears to be by encouraging residents to
walk, both within their neighborhoods and within the POS itself (Giles-Corti et al., 2005;
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Sugiyama et al., 2010). Visual quality in a landscape with many open spaces is also rated higher
by the residents (Wartmann et al., 2021).

Despite their numerous benefits, public open spaces face challenges, particularly in rapidly ur-
banizing regions such as major cities in India. These challenges are a result of large-scale migra-
tion, high population density, and increasing land prices. Urbanization, driven by population
growth, often leads to densification. This means denser housing developments, like high-rise
buildings, replace older, lower-density structures to accommodate more people. While densifica-
tion offers advantages in land use, it can come at a cost. Large-scale densification can threaten
open spaces, potentially leading to the disruption of social networks and a weakening of local
culture and identity (Haaland & van Den Bosch, 2015; Yung et al., 2014). The impact of urban
densification on POS is evident in studies such as Lin et al. (2015), which provide evidence of a
marked decrease in both private and public green spaces in Sydney, Australia. These losses are
often attributed to built-infrastructure development to make room for residential, industrial or
commercial complexes. Urban renewal projects, with their focus on densification, can put POS at
risk (Byrne et al., 2010). Therefore, a key challenge lies in planning POS that effectively connects
people within a densifying urban environment.

The development plans of many cities in the developing world show low open space per capita
and fail to meet national and international standards. In Indian cities, researchers have also quan-
tified the existing status of POS. The integration of remote sensing and GIS (Geographic Infor-
mation System) has proven to be invaluable for studying the distribution and accessibility of green
spaces. Satellite data is highly favored in identifying open green spaces, as many studies have
used the NDVI metric for determining their availability (Bathinda: Singh, 2018; Raipur: Kamble,
2022; Mumbai: Sathyakumar et al., 2019). Research has revealed that Bathinda has a per capita
availability of 21.7 m? (Singh, 2018), New Delhi registers at 21.52 m? (Bhalla & Bhattacharya,
2015), Varanasi records 6.3 m? (Verma et al., 2020) and Chennai has only 0.46 m? green open
space (Mitra, 2013). Assessing the availability of POS in various Indian cities is recognized as an
essential step toward sustainable urban planning (Lahoti et al., 2019; Singh, 2018; Verma et al.,
2020). Studies also place a particular emphasis on identifying areas that are underserved by POS
(Kaur et al., 2022; Lahoti et al., 2019). Yet, studies that evaluate access to POS are limited to a
few cities of India.

Buffer analysis in GIS is commonly used for studying the accessibility to open spaces (Kamble
et al., 2022; Kaur et al., 2022; Lahoti et al., 2019). However, it has been noted that, since the
simple buffer analysis does not consider the actual routes taken by people, it tends to present an
inflated portrayal of accessibility (Gupta et al., 2016). To address this limitation, network analysis
has proven to offer a more precise measure of accessibility (Comber et al., 2008; Gupta et al.,
2016; Koohsari, 2011). In order to conform to the principles of sustainability, it is essential to
expand research regarding green space access to other rapidly expanding urban centers in the
country.

Gurugram has emerged as a global city over the past two decades, witnessing a steady influx of
migrants working in the Delhi-NCR region. This has led to intense land transformations, densifi-
cation and pressure on cities' resources, raising the question of urban sustainability (Pramanik et
al., 2021). One key element of urban sustainability is ensuring residents' access to open spaces
and recreational opportunities. With urbanization leading to denser housing with less open space
and fewer private gardens, POS become even more critical for the well-being of city dwellers.
Thus, it is imperative to address the POS organization in Gurugram.

This study aims to analyze the availability, distribution and accessibility of POS, including parks
and playgrounds, in the city of Gurugram, through the development of an availability and acces-
sibility index. We employ GIS to assess the per capita availability of POS at the ward level while
measuring how the city aligns with the national planning norms. GIS is also used to ascertain the
proportion of the population without access to POS, thereby highlighting disparities in distribu-
tion. The analysis identifies the wards that require priority attention and contributes to a broader
understanding of declining POS quantity in post-modern cities and the need for city-level assess-
ment for the development and revitalization of POS.

2. Research Methods
2.1. Study Area

Gurugram city is situated on the outer fringe of the National Capital Territory of Delhi (Figure 1).
It underwent rapid transformation from a village to a postmodern city, attracting substantial in-
vestments from both the government and private sectors. Quickly emerging as one of India's most
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prosperous cities, Gurugram boasts towering skyscrapers, expansive shopping malls, bustling
commercial hubs, multinational service centers and efficient transit systems. Catering to an afflu-

ent urban lifestyle, it offers a diverse range of luxurious leisure activities, earning it the moniker
'Millennium City' of India (Gururani, 2013).
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Figure 1. Location of study area. Ward-level Map of Gurugram Municipal Corporation (2017) is considered
for analysis.

The trajectory of Gurugram’s growth and development gained traction with the establishment of
HUDA (Haryana Urban Development Authority) under the HUDA Act of 1977. This impetus
was amplified by the entry of both auto industries and private developers starting in 1981, spark-
ing a significant boom in construction activity within the region.
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In 1981, the Haryana Urban Development Act was implemented, and DLF obtained the first li-
cense. In 1985-86 DLF sold its first plot in Gurugram, marking the beginning of a series of initial
developments. Among the early projects were DLF and Ansals, which were situated to the east of
the old NHS8. These projects, including the Old DLF Colony and Ansal’s Palam Vihar, are pri-
marily limited to Old Gurugram. The contributions of these developers had a profound impact on
shaping the direction of the city’s growth and defining the landscape of present day Gurugram
(Mehtani, 2012). Since then, a number of private developers have contributed to the housing and
commercial infrastructure in the city, changing the nature of the cityscape.

A significant contributing factor to Gurugram's growth is the availability of relatively affordable
housing, particularly catering to the working class. There has been a notable shift from agriculture
to service-based livelihoods, as reflected in the decrease in the percentage of agricultural and open
land from 77% in 1991 to 45% in 2018 (Pramanik et al., 2021). The city experienced a surge in
population growth between 1991 and 2011, driven by the growth of the tertiary sector due to new
policies at the state and central levels. The rampant urbanization has engaged various players,
including the government and private developers. Throughout its expansion, the cityscape of
Gurugram became segmented and transformed into distinct private spaces with controlled access
coexisting within the urban landscape.

Public open spaces found in Gurugram city are mainly parks and playgrounds. These parks and
playgrounds can be further categorized into different types based upon their size, such as housing
area, neighborhood, community, district and sub-city, as per the classification given by Urban and
Regional Development Plans Formulation and Implementation, India (URDPFI, 2014).

Table 1. Hierarchy of Organized Greens.

Category of POS Area requirement in m?
Housing Area Less than 5,000
Neighborhood 5,000 - 10,000
Community 10,000 - 50,000

District 50,000 - 250,000
Sub-City Above 250,000

Source: Urban and Regional Development Plans Formulation and Implementation (URDPFI) Guidelines,
Ministry of Urban Development, India (2014; pg 363).

Smaller units of POS catering to the proximal residential areas, like ‘Housing Area Park’ or
‘Neighborhood Park’ are maintained and managed by Resident Welfare Associations (RWAs).
They typically contain usual amenities like walking paths, children’s play equipment and sports
areas. On the other hand, the larger city-level parks are managed by the Municipal Corporation of
Gurugram. These parks are known for their scenic landscapes, natural beauty and diverse recrea-
tional opportunities.

2.2. POS Digitization

POS that are accessible to the general public were manually digitized using high-resolution remote
sensing images available through Google Earth, simultaneously verifying that no restrictions exist
for their use. This included all publically owned parks and playgrounds. The analysis excluded
golf courses, gated communities' gardens, private school grounds and theme parks, as a person
can face restraint these areas are not freely accessible to everyone for everyday use. This helps
focus on spaces that are more relevant for public use.

2.3. Network Analysis

To analyze the accessibility, we chose the road network over Euclidean distance in GIS. While
some argue that Euclidean distances are more fitting for evaluating access to POS due to their
inclusion of informal routes that usually exist in cities (Cutts et al., 2009), we’ve opted for road
network distances as Gupta et al. (2016) provided convincing evidence against Euclidean dis-
tances, stating that they tend to overestimate POS provision. Mavoa et al. (2015) also advised
against Euclidean buffering as it fails to consider barriers like infrastructure, cul-de-sacs and water
bodies.

Several studies, like those by Comber et al. (2008), employed network analysis in the UK to assess
parks and green space accessibility for various ethnic and religious groups. Bennet et al. (2012)
utilized network analysis to compute walking distance to the nearest playground and estimate the
playground's service area's user count. Kuta et al. (2014) employed network analysis to evaluate
the accessibility of green space for socio-economically weaker populations. Pearce et al. (2006)
also used network analysis to measure the accessibility of services like education, recreation and
health at a neighborhood level in New Zealand. The preference for the network analysis method
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lies in its accuracy in reflecting actual travel routes, including barriers that could hinder pedestrian
accessibility. Thus, for this study, we used the service area analysis tool of the network analyst in
ArcGIS 10.8.

In our digitization process, we regarded POS as polygons, much like their general representation
in spatial data sets. However, while projecting the service areas of POS, the network analyst re-
quires the facilities to be represented as point data. Theoretically, the ideal method should be to
incorporate actual access nodes or entry points to the POS. In reality, acquiring this data is difficult
and manually creating such points is quite time-consuming. Many researchers usually represent
POS as either a centroid of the polygon or a series of points along its boundary (Mavoa et al.,
2015). Thus, in this analysis, the center point of the POS is representative of its location.

Studies using network analysis typically assess accessibility from users' residences to the service
point (a POS, in our case). However, in the concerned study area, it is highly challenging to create
a spatial data frame of users' residences due to the sheer density and number of housing units.
Consequently, accessibility was calculated from POS by treating them as public facilities and
polygons of their respective service areas were generated away from their entry nodes in all pos-
sible directions.

2.4. Road Network

A detailed road network database of the study area with categories like footway, residential, sec-
ondary, tertiary, etc. was obtained from MapCruzin (mapcruzin.com). However, no restrictions
on movement were imposed on any category of road for the analysis. This decision was made
because, usually in Indian cities, there is limited availability of POS (Mckinsey, 2010). Thus, it is
a necessity for people to navigate through highways and tertiary roads to reach well-maintained,
secure and high-quality POS.

2.5. Population Data

The ward-level analysis of POS accessibility requires large-scale population data. The most reli-
able demographic data is distributed by the Census of India, which has not been conducted since
2011. Thus, we compute the population for the year 2021 by following a ratio-growth method of
population projection for smaller units given by the Indian Institute of Population Sciences (Dhar,
2022) and using ‘Census of India, 2001’ and ‘Census of India, 2011 as base.

2.6. Classification at various hierarchical levels

For network analysis, the five different categories of public green spaces are defined based on
their area (Table 1). Our analysis relies on the premise that ‘larger POS have a greater pulling
effect, attracting people from more distant areas’. The assumption is that individuals are willing
to travel longer distances to access larger POS (Van Herzele & Wiedemann, 2003). We adopted
the travel distance parameters devised from "The Accessible Natural Greenspace Standards
(ANGSt)" in the United Kingdom as our baseline, considering the absence of national standards
for traveling distances to different POS hierarchies. These standards have been frequently used
by studies pertaining to urban green space accessibility in Indian cities (Lahoti et al., 2019; Gupta
et al., 2016). The specific distances applied were:

e 300 m for housing area and neighborhood hierarchy
e 500 m for community hierarchy
e 2 km for district hierarchy
e 5km for sub-city hierarchy
2.7. Methodological Steps

The flowchart outlines the general methodology of the study (Figure 2). The unit of analysis for
this study is the Gurugram Municipal Corporation (GMC). The ward-level map (year, 2017) of
Gurugram city was obtained from the GMC website. Further, it was georeferenced using ArcGIS
10.8 and digitized in a GIS environment. The process begins with the identification of POS within
the Gurugam city boundary from the Google Earth satellite images and their digitization to create
POS polygons. This data is then imported to the GIS environment. The ‘calculate geometry’ is
used to calculate the area of each POS and classify them into functional hierarchies based on the
URDPFI guidelines. The ward-wise population data is derived from the Census of India. This data
is then used to calculate the POS Availability Index by comparing POS area by ward and category
with the population of the ward.
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Next, the POS polygons are converted to point data and input to ‘Service Area Analysis’ tool of
Network Analyst in ArcGIS 10.8 alongside the road network data. This analysis determines the
area served by each POS within each ward. Finally, the ward-wise population density and service
area data are used to compute the POS Accessibility Index, which provides a comprehensive
measure of public open space accessibility within the city.
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Figure 2. Flowchart of methodology.

3. Results
3.1. Availability

An analysis of the availability of POS in Gurugram was first conducted. The per capita POS was
calculated for each ward. The total POS in each ward is computed through the "calculate geome-
try" tool in ArcGIS 10.8. Employing the projected population data for each ward, the below equa-
tion is used for calculating availability Equation 1

- G 1)
POS Availability Index = P

Where G represents the area of open spaces in m? of the i ward and P; denotes the population of
the i"™ ward. The per capita POS index serves as an indicator of the amount of public open space
available in a ward for each resident (Figure 3b). The total area under POS in the city is 3240110.4
m?and the total estimated population of the city is 1,029,170.

URDPFI proposes a desirable 10 to 12 m?2 of open space per person for Indian cities (URDPFI,
2014). However, in Gurugram, the city falls short of this standard, with 3.14 m? of POS per capita
for the city as a whole. Calculating per capita POS for each of the 35 wards revealed that wards
11, 22, 24, 25, 27, and 33 reported 0 m? of POS per capita. This deficiency might be attributed to
their classification as commercial areas or undeveloped outskirts. In contrast, ward 35 boasted the
highest value at 715 m?, justified by its non-residential status and the presence of a biodiversity
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park. Ward 34 followed behind with 27 m?, given a lower population density. More than half of
the wards in the city have less than 1 m? of POS area per capita. These wards might benefit from
the creation of mini-green belts, as spare land is not available for POS creation. Notably, just a
few wards, including ward 14, 19 and 32, demonstrated somewhat adequate per capita POS, rang-
ing from 6 m? to 9 m2. The correlation observed in Figure 3a and Figure 3b distinctly illustrates
the connection between the existing recreational POS in each ward and their corresponding pro-
portional population, as well as the per-capita availability of POS within the city. From Figure 4
it is evident that even though POS are frequent in many wards of the city, their areas are too small
and inadequate. This leads to a major insufficiency in the per capita availability of open space.

a
POS area/person
Persons/ sq. km. insq.m.

Below 1000 Below 1

| 1000 - 7000 1-3
7000 - 13000 13-5
13000 - 19000 5-7
19000 - 25000 ) 7-9
Above 25000 | ) Above 20 o 2

Figure 3. a) Population density in Gurugram by wards. b) Per capita POS area in Gurugram by wards.

Table 2. Recommendations for the number of Open Public Spaces (URDPFI, 2014).

Category Population served Minimum no. of organized green spaces

Housing Area 5,000 3 local parks and playgrounds

Neighborhood 15,000 3 local parks and playgrounds

Community 100,000 2 community level parks

District 500,000 1 district level park and sport center

Sub-city 1,000,000 1 sub-city level park/ sport complex/ botanical/ zoolog-
ical garden

Source: Urban and Regional Development Plans Formulation and Implementation (URDPFI) Guidelines,
Ministry of Urban Development, India (2014; pg 363).

The examination of availability is extended to a comparative analysis with the national provision-
ing norms stipulated by the URDPFI guidelines. Here, the availability of POS is studied in regards
to their number and the calculation of service-side gap is focused solely on the number of parks,
playgrounds, sports complexes, etc. In this analysis, the data about the number of POS is system-
atically contrasted with the URDPFI guidelines, as shown in Table 2 and Table 3.

Table 3. Service gaps in the number of POS in Gurugram (calculation).

Category Recommended no. for Existing number of POS  Service Deficit/Surplus
Gurugram (approx.) in Gurugram

Housing Area 612 361 —251

Neighborhood 204 36 - 168

Community 20 21 +1

District 2 4 +2

Sub-city 1 1 =

Source: Computed by the authors (Based on Table 2)

The results of this calculation depict the service gap within each category, highlighting a substan-
tial deficit in the provision of recreational POS within the city. Remarkably, the city aligns with
the URDPFI guidelines in the sub-city and district POS provision categories. However, the deficit
becomes apparent in other categories, especially the housing area and neighborhood categories.
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It emphasizes the pressing need for strategic interventions to address the substantial shortfall in
recreational POS provisions near high-density residential centers.

3.2. Accessibility

For studying the accessibility of people in Gurugram to POS, service area polygons are devised
using the service area analysis tool in ArcMap’s Network Analyst (Figure 4). Service area encom-
passes streets which are within the specified distance impedance (varying with POS hierarchy).
Figure 4 shows the distribution of all the POS in the city and their respective service areas.

Figure 4. Distribution of public open spaces in Gurugram and their service areas.

Once the service areas are computed, they can be used for evaluating accessibility. It is assumed
that the population situated within the service area polygons has access to the POS. The service
area polygons for each ward are derived by using the ‘clip’ tool with the administrative layer with
ward boundaries and the area is calculated using the ‘calculate geometry’ tool. The population
density of the ward is utilized to estimate the population size that falls within the service area,
assuming that the population is spread evenly within the ward boundary. Once the population
residing within the service area is calculated, the proportional population having access to POS
(accessibility index) is calculated as followsn Equation 2
Population within service area

POS Accessibility Index = x 100 ?
ceessIbIty Index =~ ol Population of the ward @

The word ‘accessibility’ denotes the distance traveled from a residential area to the closest recre-
ational POS, which was modeled in GIS through the application of Network Analyst. The result
of the accessibility analysis presents data regarding the percentage of the population with access
to POS within each ward, as depicted in Figure 5.

POS are most abundant in the wards 3, 14, 15 and 19. These wards also enjoy the highest access
to POS. Only 2 wards i.e., 3 and 15 have more than 70% population having access to POS. In
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these wards, the distribution of POS is even and they are well-dispersed across the wards. 13 of
the 35 wards have less than 10% population with access to POS. Most of these wards have mini-
mal number of POS, either because of extreme population pressure or because they are located
the outskirts of the city. It is quite apparent that the size of POS is very small, thus limiting the
accessibility.

[0]
o

~
o

=]
o

v
o
\

\

Populationin %
I
S
|
\
\
|
|

30— - — I - -
e B E B e » B E B E B E H H -
0 — — - — - — — — - -
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Wards
Figure 5. Proportional population with access to POS in each ward.
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Figure 6. Ward-wise proportional population with access to different categories of POS.
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Figure 7. a) POS Housing area and Neighborhood levels with a service area of 300 m. b) POS Community
level with a service area of 500 m.
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Road network
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Figure 7. c) POS District level with a service area of 2000 m. d) POS Sub-city level with a service area of
5000 m.

In general, it is observed that the northern and north-western parts of the city have good accessi-
bility to POS. However, for the sub-city category of POS, only four wards enjoy accessibility, all
located in the north-west of the city. Only people in one ward, i.e., 34 enjoy accessibility to all
five categories of POS. In ward 15, more than 70% of the population has access to housing area
POS, which is the highest of any ward; however, the people do not have access to any other POS
category. Only the outer wards in the western parts of the city, i.e., 11, 12, 24 and 25 have a zero
accessibility index. However, these areas also house very little population and are not developed,
so they do not fall under the priority areas for intervention. Wards where less than 20% of the
population has POS accessibility are causes of concern and require urgent attention. These are
located in the central and southern-central parts of the city. It is also to be noted that no ward
fulfills the 100% Accessibility Index in any POS category or overall (Figure 5 and Figure 6).

Accessibility to housing area and neighborhood POS is highest among the categories, provided
that they are present in most of the wards. However, the World Health Organization recommen-
dation that “all people should reside within 300 m of a green space” (Konijnendijk, 2023) is not
realized in any of the wards. From Figure 7a, it can be seen that service areas in the housing area
and neighborhood POS categories do not cover the entire city, as they should, according to the
above recommendation. Most of the wards are deprived of community POS (Figure 7b) and they
are clustered together instead of being adequately spaced and distributed. The uneven distribution
of district-size parks further compounds the issue (Figure 7c¢). Only 8 wards enjoy access to dis-
trict-level parks, and even within these wards, accessibility is far from exhaustive, leaving a sig-
nificant portion of the population disconnected from these communal resources. As seen in Figure
7c, two district POS are located very close together, and all of them are found in the north and
north-eastern parts of the city. Currently, the city has just one expansive POS at the sub-city level,
situated on the outskirts (Figure 7d). This biodiversity park on the far north-eastern side of the
city demands lengthy journeys from other city corners, hindering easy accessibility.

4. Discussion

This research investigates the availability and accessibility of Public Open Spaces (POS) within
Gurugram, a densely populated urban center in India. The approach uses GIS-based network anal-
ysis to provide valuable insights into POS accessibility across various hierarchical levels. This
methodology aims to inform urban planning and decision-making processes regarding POS allo-
cation by identifying service gaps. Particular focus is placed on identifying areas lacking sufficient
POS, which may require targeted interventions.

The analysis reveals significant accessibility challenges at lower hierarchical levels, such as
neighborhoods and housing areas, which are crucial for populations with limited mobility, like
children and elderly residents. There is a notable correlation between high built-up density and
low availability of POS in the central wards that constitute Old Gurugram. Our analysis aligns
with previous research by Singh et al. (2018) and Kamble et al. (2022), demonstrating a clear
inverse relationship between built-up density and the availability of open space. In these high-
density areas of the study area, developing open space presents significant challenges. Further
research is needed to explore specific solutions for incorporating green spaces within these
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environments. Our analysis recommends establishing elongated and narrow POS in areas with
existing high-density development. This includes areas surrounding NH-8, Sector-23, Sector-14,
Sector-3A, Surat Nagar and Rajendra Park. A more integrated and participatory planning ap-
proach that can improve the connectivity between POS through greenways and walkable paths is
suggested based on the observations.

There is poor availability of POS and most wards of Gurugram city do not meet the URDPFI
recommendation for per capita open space. In fact, our analysis reveals a significant shortfall,
with Gurugram’s average POS per person falling well below the standard. This finding aligns
with a broader national trend, as McKinsey & Company’s research suggests an average of only
2.7 m? of open space per resident in Indian cities (McKinsey, 2010). Gurugram reflects this na-
tional trend with a mere 3.14 m? of POS per capita. While the Ministry of Urban Developed has
established national open space standards, many urban development authorities haven't adhered
to these guidelines. However, some exceptions exist, with cities like Varanasi, Chandigarh, Bho-
pal, Delhi, and Noida boasting open space proportions exceeding the standards (Singh, 2019).
Many studies that analyze the availability of urban green spaces (UGS) in Indian cities are avail-
able. But it is necessary to acknowledge that the per capita availability results derived from our
study are inherently incomparable to some of these studies, as we exclusively focus on publicly
accessible spaces explicitly designed for recreation within our analysis. For a more fitting com-
parison, other studies examining public urban green spaces in India are scarce. One such study by
Lahoti et al. (2019) of Nagpur demonstrated a per capita POS availability of 3.65 m2, while an-
other study by Kamble et al. (2022) registers Raipur at 1.35 m? per capita open space.

Gurugram’s limited per capita open space likely contributes to a lower quality of life for its resi-
dents, as it ranks only 27th out of 111 cities in India on the Ease of Living Index (MoHUA, 2020).
The scarcity of open spaces in Gurugram hinders residents from experiencing the numerous health
advantages linked to their access. Open spaces provide essential spaces for physical activity, a
crucial factor considering that 27 % of the adult population falls short of the World Health Or-
ganization's recommended activity levels (WHO, 2022). Furthermore, research suggests that
physical activity in open space may offer greater health benefits than similar-intensity indoor ex-
ercise, potentially due to the psychological restoration effects of nature (Pretty et al., 2007; Hug
et al., 2009). The correlation between the quality of POS and cardiovascular health, as noted by
Paquet et al. (2013), contributes to a comprehensive understanding of the impact of urban design
on public health. Maas et al. (2009) showed a link between lower levels of natural open space and
feelings of isolation and a lack of social support, even after accounting for social and economic
factors. Beyond providing places to gather, green spaces may also foster a sense of community
(Francis et al., 2012) and neighborhood cohesion (Wan et al., 2021).

According to the GMDA (Gurugram Metropolitan Development Authority) Act of 2017, the met-
ropolitan authority is mandated to formulate an urban development plan with the objective of
reducing pollution levels and enhancing the green cover within the city. Gurugram's high annual
average PM, s concentration, highlighted by Manojkumar and Srimuruganandam (2021), draws
attention towards the potential health implications of utilizing open spaces, emphasizing the in-
terplay between urban design and environmental factors. The GMC has taken several steps to
build green spaces like parks, playgrounds, and biodiversity parks in the city. In the last few years,
the GMC has developed and renovated parks and playgrounds and has also allocated a budget for
the development of a second biodiversity park in the city. Therefore, it is recommended that the
creation of additional small pocket parks in existing high-density residential areas be carried out.
It should also be ensured that these parks are well-designed to host small-scale cultural events and
festivities. This could involve partnering up with local businesses to sponsor events and building
lively community hubs in public open spaces.

5.1 Strengths, Limitations and Future Directions

The present study is valuable in its exploration of the availability and accessibility of POS in
Gurugram. Service area analysis applied in the study proves to be an optimal method for measur-
ing accessibility to green spaces. The method can be replicated in other regions for a more accurate
description of accessibility. The study also emphasizes the need for studying different POS hier-
archies (housing area, neighborhood categories etc.) individually in future research, as deficien-
cies may exist in only one category. Without the comprehensive availability analysis of different
categories, it is difficult to estimate which hierarchy of POS is lacking and where timely interven-
tion is needed.

Certain limitations of the study also warrant consideration. Firstly, the study overlooks the usa-
bility of POS in terms of quality, safety, and overall appeal—a critical aspect of accessibility
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highlighted by previous research emphasizing the impact of quality on well-being (Nasution &
Zahrah, 2018; McEachan et al., 2018). While studies like Phillips et al. (2023) and Dony et al.

(2015) have underscored the importance of quality in park visitation and incorporated the aspect
of quality in quantifying access, the current study omits this dimension. Furthermore, the network

analysis approach also hinges on a binary classification of either having or not having access to
POS, overlooking factors like individuals willingly traveling large distances to access POS, thus
neglecting a systematic examination of the attractiveness and accessibility of these spaces.

Given that visitors to POS in Gurugram belong to different income demographics, it becomes
crucial to extend this research by exploring the perceptions of low to upper income individuals
regarding both public and privatized open spaces. The potential influence of the socioeconomic
status of neighborhoods on POS distribution has been extensively studied by Comber et al. (2008)
and Shen et al. (2017), which could also be examined in Gurugram. This approach will contribute
to a more lucid and inclusive depiction of varied perceptions across different economic statuses.
The study emphasizes the need for extensive and localized research on green space accessibility
and availability. By conducting frequent and updated assessments, researchers can aid the policy-
makers in identifying areas with the greatest disparities and prioritizing interventions. Addition-
ally, monitoring of ongoing green space initiatives allows for evaluation of their effectiveness and
public reception, ensuring resource allocation is optimized for maximum community benefit. Re-
searchers ought to identify the optimal levels of POS to realize social, ecological and health ben-
efits and explore how its provision interacts with other recreation and leisure promoting amenities
in the city.

6. Conclusion

Our examination of public open spaces in Gurugram reveals a contrasting landscape marked by
stark disparities. As products of public investment, POS are expected to be equalizers, benefiting
people across diverse socio-economic backgrounds. The intrinsic value placed on these shared
spaces lies in their accessibility to everyone, regardless of financial standing, promoting a sense
of inclusivity and community. However, our findings highlight significant challenges to this ideal.
Gurugram fails to provide adequate POS to its residents as specified by national standards. The
per capita availability of POS in the city is 3.14 m?, with some wards having no available POS.
The central wards of Old Gurugram exhibit a correlation between high built-up density and low
availability of POS. The city also has a deficit in the number of neighborhood and housing area
level POS. Majority of the wards of the city are left unserviced, and the population with access to
POS is below 50% in 29 wards. This low accessibility index indicated that people have to travel
long distances to reach a POS. These challenges collectively contribute to spatial injustice, de-
priving certain individuals of the desired experiences within POS. This disparity raises questions
about the equitable distribution and democratization of urban spaces. The findings from this as-
sessment can inform local authorities about the dire need to fulfill the recreational needs of the
residents. The study calls for targeted goals that enhance accessibility to be set in the underserved
areas, alongside a focus on creating new open spaces. This step can mitigate the adverse impacts
associated with dense housing, i.e., a lack of physical activity and communal engagement. In
conclusion, as Gurugram navigates the inadequate provision and distribution of its POS, address-
ing the challenges associated with sustainable urban development and raising the quality of life
become important. Moreover, the study concludes that using GIS to illustrate both availability
and accessibility results facilitates clear communication of the findings.

References

Beck, H. (2009). Linking the quality of public spaces to quality of life. Journal of Place Management and Development.
doi: 10.1108/17538330911013933.

Bennet, S. A., Yiannakoulias, N., Williams, A. M., & Kitchen, P. (2012). Playground accessibility and neighbourhood
social interaction among parents. Social Indicators Research, 108, 199-213. doi: 10.1007/s11205-012-0062-4

Bhalla, P., & Bhattacharya, P. (2015). Urban Biodiversity and Green Spaces in Delhi: a case study of new settlement and
Lutyens’ Delhi. Journal of Human Ecology, 52(1-2), 83-96.

Brenner, N., Marcuse, P., & Mayer, M. (2009). Cities for people, not for profit. City, 13(2-3), 176-184. doi:
10.1080/13604810903020548

Byrne, J., Sipe, N., & Searle, G. (2010). Green around the gills? The challenge of density for urban greenspace planning
in SEQ. Australian Planner, 47(3), 162-177. doi: 10.1080/07293682.2010.508204

Census of India. (2011). Office of the Registrar General and Census Commissioner, New Delhi, India.

Chan, E. (2023). Government-driven commodification of public space: The case of Kwun Tong Promenade, Hong Kong.
Cities, 134, 104204. doi: 10.1016/j.cities.2023.104204

Cohen, D. A, Inagami, S., & Finch, B. (2008). The built environment and collective efficacy. Health & Place, 14, 198—
208. doi: 10.1016/j.healthplace.2007.06.001

Kanav et al.

Page 277



Forum Geografi, 38(2), 2024; DOI: 10.23917/forgeo.v38i2.4759

Comber, A., Brunsdon, C., & Green, E. (2008). Using a GIS-based network analysis to determine urban greenspace ac-
cessibility for different ethnic and religious groups. Landscape and Urban Planning, 86(1), 103-114. doi:
10.1016/j.landurbplan.2008.01.002

Cutts, B. B., Darby, K. J., Boone, C. G. & Brewis, A. (2009) City structure, obesity, and environmental justice: an inte-
grated analysis of physical and social barriers to walkable streets and park access, Social Science & Medicine,
69(9), 1314-1322. doi: 10.1016/j.socscimed.2009.08.020

Dadvand, P., Bartoll, X., Basagafia, X., Dalmau-Bueno, A., Martinez, D., Ambros, A., ... & Nieuwenhuijsen, M. J. (2016).
Green spaces and General Health: Roles of mental health status, social support, and physical activity. Environment
International, 91, 161-167. doi: 10.1016/j.envint.2016.02.029

Das, D. (2008). Urban quality of life: A case study of Guwahati. Social Indicators Research, 88, 297-310. doi:
10.1007/s11205-007-9191-6

Dhar, M. (2022) Projection of district-level annual population by quinquennial age-group and sex from 2012 to 2031 in
India, I1PS, Mumbai, India.

Di Masso, A. (2015). Micropolitics of public space: On the contested limits of citizenship as a locational practice. Journal
of Social and Political Psychology, 3(2), 63-83. doi: 10.5964/jspp.v3i2.322

Dony, C. C., Delmelle, E. M., & Delmelle, E. C. (2015). Re-conceptualizing accessibility to parks in multi-modal cities:
A Variable-width Floating Catchment Area (VFCA) method. Landscape and Urban Planning, 143, 90-99. doi:
10.1016/j.landurbplan.2015.06.011

Francis, J., Giles-Corti, B., Wood, L., & Knuiman, M. (2012). Creating sense of community: The role of public space.
Journal of Environmental Psychology, 32(4), 401-409. doi: 10.1016/j.jenvp.2012.07.002

Gehl, J., et al. (2011). Cities for People. Planning News, 37(4), 6-8.

Giles-Corti, B., Broomhall, M. H., Knuiman, M., Collins, C., Douglas, K., Ng, K., Lange, A., & Donovan, R. J. (2005).
Increasing walking: how important is distance to, attractiveness, and size of public open space? American Journal
of Preventive Medicine, 28(2), 169-176. doi: 10.1016/j.amepre.2004.10.018

Gupta, K., Roy, A,, Luthra, K., & Maithani, S. (2016). GIS based analysis for assessing the accessibility at hierarchical
levels of urban green spaces. Urban forestry & Urban Greening, 18, 198-211. doi: 10.1016/j.ufug.2016.06.005

Gururani, S. (2013). Flexible Planning: The making of India’s 'Millennium City' Gurgaon. Ecologies of Urbanism in
India: Metropolitan Civility and Sustainability. Hong Kong University Press, 119-142. doi:
10.5790/hongkong/9789888139767.003.0005

Haaland, C., & van Den Bosch, C. K. (2015). Challenges and strategies for urban green-space planning in cities undergo-
ing densification: A review. Urban Forestry & Urban Greening, 14(4), 760-771. doi: 10.1016/j.ufug.2015.07.009

Hadavi, S. & Kaplan, R. (2016). Neighborhood satisfaction and use patterns in urban public outdoor spaces: Multidimen-
sionality and two-way relationships. Urban Forestry & Urban Greening, 19, 110-122. doi:
10.1016/j.ufug.2016.05.012

Holy-Hasted, W., & Burchell, B. (2022). Does public space have to be green to improve well-being? An analysis of public
space across Greater London and its association to subjective well-being. Cities, 125, 103569. doi: 10.1016/j.cit-
ies.2022.103569

Hug, S. M., Hartig, T., Hansmann, R., Seeland, K., & Hornung, R. (2009). Restorative qualities of Pindoor and outdoor
exercise settings as predictors of exercise frequency. Health & Place, 15(4), 971-980. doi: 10.1016/j.health-
place.2009.03.002

Hunter, R. F., Cleland, C., Cleary, A., Droomers, M., Wheeler, B. W., Sinnett, D., ... & Braubach, M. (2019). Environ-
mental, health, wellbeing, social and equity effects of urban green space interventions: A meta-narrative evidence
synthesis. Environment International, 130, 104923. doi: 10.1016/j.envint.2019.104923

Johnson, A. J., & Glover, T. D. (2013). Understanding urban public space in a leisure context. Leisure Sciences, 35(2),
190-197. doi: 10.1080/01490400.2013.761922

Kamble, T., Bahadure, S., & Punglia, S. (2022). Availability and Accessibility of Urban Green Spaces in a High-Density
City: The Case of Raipur, India. The Professional Geographer, 74(2), 290-303. doi:
10.1080/00330124.2021.2007495

Kaur, N., Kaur, M., Padhi, S. S., & Singh, K. K. (2022). Geospatial analysis of the distribution of urban green spaces: a
study of four Indian cities. Cities & Health, 6(3), 443-459. doi: 10.1080/23748834.2021.1941722

Konijnendijk, C. C. (2023). Evidence-based guidelines for greener, healthier, more resilient neighbourhoods: Introducing
the 3-30-300 rule. Journal of Forestry Research, 34(3), 821-830. doi: https://doi.org/10.1007/s11676-022-
01523-z

Koohsari, M. J. (2011). Access to Public Open Space: Is Distribution Equitable Across Different Socio-Economic Areas.
Journal of Urban and Environmental Engineering, 5(2), 67—72. doi: 10.4090/juee.2011.v5n2.067072

Kuta, A. A., Odumosu, J. O., Ajayi, O. G., Zitta, N., Samaila-lja, H. A., & Adesina, E. A. (2014). Using a GIS-Based
Network Analysis to Determine Urban Greenspace Accessibility for Different Socio-Economic Groups, Specifi-
cally Related to Deprivation in Leicester, UK. Civil and Environmental Research, 6(9), 12-20. Retrived from
https://repository.futminna.edu.ng:8080/jspui/handle/123456789/2456

Lahoti, S., Lahoti, A., & Saito, O. (2019). Benchmark assessment of recreational public Urban Green space provisions: A
case of typical urbanizing Indian City, Nagpur. Urban Forestry & Urban Greening, 44, 126424. doi:
10.1016/j.ufug.2019.126424

Lin, B., Meyers, J., & Barnett, G. (2015). Understanding the potential loss and inequities of green space distribution with
urban densification. Urban forestry & Urban Greening, 14(4), 952-958. doi: 10.1016/j.ufug.2015.09.003

Maas, J.,Van Dillen, S.M.E, Verheij, R.A., Groenewegen, P.P. (2009). Social contacts as a possible mechanism behind
the relation between green space and health. Health & Place 15(2): 586-595. doi: 10.1016/j.health-
place.2008.09.006

Manojkumar, N., & Srimuruganandam, B. (2021). Health effects of particulate matter in major Indian cities. International
Journal of Environmental Health Research, 31(3), 258-270. doi: 10.1080/09603123.2019.1651257

Mavoa, S., Koohsari, M. J., Badland, H. M., Davern, M., Feng, X., Astell-Burt, T., & Giles-Corti, B. (2015). Area-Level
Disparities of Public Open Space: A Geographic Information Systems Analysis in Metropolitan Melbourne. Ur-
ban Policy and Research, 33(3), 306-323. doi: 10.1080/08111146.2014.974747

McEachan, R. R., Yang, T. C., Roberts, H., Pickett, K. E., Arseneau-Powell, D., Gidlow, C. J., Wright, J., & Nieu-
wenhuijsen, M. (2018). Availability, use of, and satisfaction with green space, and children's mental wellbeing at
age 4 years in a multicultural, deprived, urban area: results from the Born in Bradford cohort study. The Lancet
Planetary Health, 2(6), e244-e254. doi: 10.1016/S2542-5196(18)30119-0

McKinsey & Company. (2010). India’s Urban Awakening: Building Inclusive Cities, Sustaining Economic Growth.
Retrived from https://www.mckinsey.com/ /media/McKinsey/ Global Themes/Urbanization/Urban awakening in
India/MGI_Indias_urban_awakening_executive_summary.ashx.

Kanav et al.

Page 278



Forum Geografi, 38(2), 2024; DOI: 10.23917/forgeo.v38i2.4759

Mehtani, P. C. (2012). Growth, development and sustainability of cities: A case study of Gurgaon (Doctoral Dissertation).
University of Delhi, India.

Ministry of Housing and Urban Affairs. (2020). Ease of Living Index 2020. Retrived from https://smart-
net.niua.org/sites/default/files/resources/final_web_ease_of_living_report_2020_.pdf

Mitra, P. (2013). Open space shrinking, city gasps for breath. The Times of India. Retrived from http:// timesofindia.indi-
atimes.com/city/kolkata/Open-spaceshrinking-city-gasps-for-breath/articleshow/20188789.

Moroni, S., & Chiodelli, F. (2014). Public spaces, private spaces, and the right to the city. International Journal of E-
Planning Research, 3(1), 51-65. doi: 10.4018/ijepr.2014010105

Nasution, A. D., & Zahrah, W. (2018). Quality of Life: Public open space effects. Asian Journal of Environment-Behav-
iour Studies, 3(10), Article 10. doi: 10.21834/aje-bs.v3i10.319

Paquet, C., Orschulok, T. P., Coffee, N. T., Howard, N. J., Hugo, G., Taylor, A. W., Adams, R. J., & Daniel, M. (2013).
Avre accessibility and characteristics of public open spaces associated with a better cardiometabolic health? Land-
scape and Urban Planning, 118, 70-78. doi: 10.1016/j.landurbplan.2012.11.011

Pearce, J., Witten, K., & Bartie, P. (2006). Neighbourhoods and health: a GIS approach to measuring community resource
accessibility. Journal of Epidemiology & Community Health, 60(5), 389-395. doi: 10.1136%2Fjech.2005.043281

Peters, K. (2010). Being together in urban parks: Connecting public space, leisure, and diversity. Leisure Sciences, 32(5),
418-433. doi: 10.1080/01490400.2010.510987

Peters, K., & De Haan, H. (2011). Everyday spaces of inter-ethnic interaction: the meaning of urban public spaces in the
Netherlands. Leisure/Loisir, 35(2), 169-190. doi: 10.1080/14927713.2011.567065

Phillips, A., Plastara, D., Khan, A. Z., & Canters, F. (2023). Integrating public perceptions of proximity and quality in the
modelling of urban green space access. Landscape and Urban Planning, 240, 104875. doi: 10.1016/j.landur-
bplan.2023.104875

Pramanik, S., Butsch, C., & Punia, M. (2021). Post-liberal urban dynamics in India—The case of Gurugram, the ‘Millen-
nium City’. Remote Sensing Applications: Society and Environment, 22, 100504. doi:
10.1016/j.rsase.2021.100504

Pretty, J., Peacock, J., Hine, R., Sellens, M., South, N., and Griffin, M. (2007). Green exercise in the UK countryside:
Effects on health and psychological Well Being, and implications for policy and planning. Journal of Environ-
mental Planning and Management, 50, 211-231. doi: 10.1080/09640560601156466

Sathyakumar, V., Ramsankaran, R. A. A. J., & Bardhan, R. (2019). Linking remotely sensed Urban Green Space (UGS)
distribution patterns and Socio-Economic Status (SES)-A multi-scale probabilistic analysis based in Mumbai,
India. GlIScience & Remote Sensing, 56(5), 645-669. doi: 10.1080/15481603.2018.1549819

Seeland, K., Dubendorfer, S., & Hansmann, R. (2009). Making friends in Zurich's urban forests and parks: The role of
public green space for social inclusion of youths from different cultures. Forest Policy and Economics, 11(1), 10-
17. doi: 10.1016/j.forpol.2008.07.005

Shahfahad, Kumari, B., Tayyab, M., Hang, H. T., Khan, M. F., & Rahman, A. (2019). Assessment of public open spaces
(POS) and landscape quality based on per capita POS index in Delhi, India. SN Applied Sciences, 1, 1-13. doi:
10.1007/s42452-019-0372-0

Shen, Y., Sun, F., & Che, Y. (2017). Public green spaces and human wellbeing: Mapping the spatial inequity and mis-
matching status of public green space in the Central City of Shanghai. Urban Forestry & Urban Greening, 27,
59-68. doi: 10.1016/j.ufug.2017.06.018

Singh, K. K. (2018). Urban green space availability in Bathinda City, India. Environmental Monitoring and Assessment,
190(11). doi: 10.1007/s10661-018-7053-0

Singh, P. (2019). Shrinking Urban Green Spaces: A Problem beyond Urbanization in India. Policy Change Initiative.
Retrieved from https://pciindia.in/shrinking-urban-green-spaces-a-problem-beyond-urbanization-in-india/

Sugiyama, T., Francis, J., Middleton, N. J., Owen, N., & Giles-Corti, B. (2010). Associations between recreational walking
and attractiveness, size, and proximity of neighborhood open spaces. American Journal of Public Health, 100(9),
1752-1757. doi: 10.2105/AJPH.2009.182006

Urban and Regional Development Plans Formulation and Implementation Guidelines. (2014). Ministry of Urban Devel-
opment. Volume |I. Retrieved from https://mohua.gov.in/upload/uploadfiles/files’fURDPFI%20Guide-
lines%20V0l%201(2).pdf

Van Herzele, A., & Wiedemann, T. (2003). A monitoring tool for the provision of accessible and attractive urban green
spaces. Landscape and Urban Planning, 63(2), 109-126. doi: 10.1016/S0169-2046(02)00192-5

Verma, P., Singh, R., Bryant, C., & Raghubanshi, A. S. (2020). Green space indicators in a social-ecological system: A
case study of Varanasi, India. Sustainable Cities and Society, 60, 102261. doi: 10.1016/j.scs.2020.102261

Wan, C., Shen, G. Q., & Choi, S. (2021). Underlying relationships between public urban green spaces and social cohesion:
A systematic literature review. City, Culture and Society, 24, 100383. doi: 10.1016/j.ccs.2021.100383

Wartmann, F. M., Stride, C. B., Kienast, F., & Hunziker, M. (2021). Relating landscape ecological metrics with public
survey data on perceived landscape quality and place attachment. Landscape Ecology, 36, 2367-2393. doi:
10.1007/s10980-021-01290-y

World Health Organization. (2022). Global Status Report on Physical Activity. Retrieved from
https://www.who.int/teams/health-promotion/physical-activity/global-status-report-on-physical-activity-2022

Ye, J. (2019). Re-orienting geographies of urban diversity and coexistence: Analyzing inclusion and difference in public
space. Progress in Human Geography, 43(3), 478-495. doi: 10.1177/0309132518768405

Yung, E. H., Langston, C., & Chan, E. H. (2014). Adaptive reuse of traditional Chinese shophouses in government-led
urban renewal projects in Hong Kong. Cities, 39, 87-98. doi: 10.1016/j.cities.2014.02.012

Kanav et al.

Page 279



