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Abstract
Public open spaces and green cover are a connection between people and nature and are necessary to retain the quality 
of the urban landscape. Rapid urban growth and population increase put tremendous pressure on public open spaces, 
which reduces the quality of the urban landscape. The fast urban growth leads to utilize remaining green and open areas 
of the city for different purposes. As a result, the size of the urban green and open space is decreasing at an alarming 
rate. Therefore, the study analyses the availability of per capita public open spaces to assess the landscape quality. The 
green space available per capita in Delhi is about 20 m2, and public open space is 30 m2. Weights have been assigned 
to five variables selected to assess the landscape quality, and then, it was multiplied by the respective z score (scale-
free) of each variable. Finally, we have calculated composite index score to develop a landscape quality index. The per 
capita share of public open spaces in East Delhi is 7.01 m2 to its total area. Wards with high population density have a 
comparatively low proportion of public open spaces. It is seen that most of the wards did not match the criteria of WHO 
and UN for per capita availability of public open spaces. The landscape quality index shows that in more than two-thirds 
of the wards, the landscape quality is poor. The wards of the central and northern parts of the study area are densely 
populated and have a low concentration of public open spaces; therefore, they have the least index score on landscape 
quality. At the same time, the wards of southeastern and eastern parts, where the population density is the lowest, the 
score of the landscape quality index is high.
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1 Introduction

The landscape is a crucial and complex term which is used 
differently in scientific disciplines and is variably defined. 
The literature on landscape indicates that it is approached 
differently in environmental science, urban studies, geog-
raphy and other disciplines [5]. Some advocate for a holis-
tic approach to understand landscape which is theoreti-
cally attractive, but difficult to implement. Therefore, there 

is a multitude of topical approaches, emphasizing one or 
other element or combination of elements of structure 
and functions of landscapes as a scientific aspect. The 
Council of Europe [12] in European Landscape Conven-
tion defines the landscape as a part of the geographical 
expanse (land), which evolves through time by operation 
of natural forces and human actions. As such, it contains 
both natural and anthropogenic elements. Bruni [3] puts it 
as ‘landscape can be identified as a combination of natural 
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and cultural assets’. Landscape, as a combination of all visi-
ble features of a geographical extent, is given to the senses 
of an intentional observer. By this reason, it (landscape) is a 
matter of perceived experience in environmental psychol-
ogy and therefore subjective that can only be described 
and neither generalized nor quantified.

Whereas, the landscape quality is considered as a 
dynamic and complex mosaic of an interacting and inter-
linking network of various patches of habitats in which 
human live. To understand and define the landscape 
quality, one needs to understand the aspects of physical 
environment as well as public spaces [4]. Urban landscape 
quality encompasses a number of aspects including envi-
ronmental pollution, cleanliness, visual and aesthetic qual-
ity and the public perception [17]. The landscape quality is 
an important aspect of sustainable urbanism, as its impor-
tance was recognized long before the emergence of the 
concept of sustainability [54]. As cities grow and expand, 
there is a need to maintain and manage green and open 
spaces in order to maintain the landscape quality. Accord-
ing to Council of Europe [13], landscape has an important 
public interest role in the cultural, ecological, environmen-
tal and social fields. Rogers [53] in his book ‘Cities for a 
Small Planet’ pointed that urban landscape quality is an 
important indicator of the sustainability of city. Recon-
struction of Paris during second half of the nineteenth 
century is one of the examples where spaces were allotted 
within the city for parks and green spaces to improve the 
urban landscape quality [34]. Changing landscape pattern 
is an important part of the urban landscape sustainability 
[18, 66]. The urban landscape broadly covers green areas, 
urban parks, gardens and small public gardens and lawns, 
which help to make a favourable and wholesome envi-
ronment, collectively called public open spaces (POS). So 
these public open spaces play an important role in deter-
mining the landscape quality of any urban area.

The open spaces in Indian cities can be seen as public 
and private spaces which can be differentiated based on 
the ownership and accessibility. The public open spaces 
are the spaces which are open and accessible for the com-
mon people for the recreational and leisure facilities [57]. 
Public open spaces are the spaces that are freely accessible 
for the local residents, regardless of its size, design or struc-
ture which are intended primarily for basic recreational 
purposes [39] and are of great importance for the urban 
ecological balance. Public spaces like schoolyards, ceme-
teries, outdoor sports complexes and public squares all are 
important open spaces [24]. The open spaces, e.g. Eidgah 
(where the prayers of Eid are performed by the Muslims) 
and Ramleela maidan (where the play on life of Lord Ram 
is performed by the Hindus), which are owned by some 
religious or social groups are the semi-private spaces, 
whereas the private open spaces, e.g. kitchen gardens and 

courtyards, are usual outdoor areas which are exclusively 
used by the single dwelling units [37].

In an urban system, public open space is a basic type 
of land use along with residential complexes, commercial 
centres, industries, transport network, etc. In recent days, 
the rapid urban growth led to utilize remaining green and 
open areas of the city for different purposes. As a result of 
this, the size of the urban green and open space is decreas-
ing at an alarming rate [27]. The decline in green and open 
spaces and rapid increase in urban population, ultimately 
results in declining per capita availability of public open 
spaces within the urban areas which leads to declining 
urban landscape quality [9, 56]. World Health Organization 
(WHO) has set a minimum limit for the per capita green 
space in urban areas as 9 m2 for healthy living [35]. Mini-
mum limit for the per capita green space has also been 
identified by the United Nations (UN) as 30 m2 per person 
and by European Union (EU) as 26 m2, but no specific limit 
for per capita public open spaces has been given by any 
agency [31, 38, 40, 58]. The amount of green cover and size 
of open spaces, their spatial distribution and characteris-
tics as well as other factors are important determinants 
of the quality of life of city residents and quality of urban 
environment [11] and are essential for the sustainability of 
an urban centre [25].

The public open spaces are necessity for good land-
scape quality as well as quality life, but due to ongoing 
rapid urbanization throughout the world, the distance 
between urban dwellers and nature is increasing, thereby 
decreasing urban landscape quality. With such significant 
benefits to quality of life, public open spaces in urban 
areas over the world are facing problems, e.g. encroach-
ment and the deteriorating public open spaces in quantity 
(area) and quality (scarcity). Processes of densification and 
urban sprawl have wiped out green cover, water bodies 
and several public open spaces at the cost of residential 
and commercial development. In East and North-East 
Delhi too, high population density with the associated 
high built-up area is one of the major causes of the low 
quality of the urban landscape. Physical landscape and 
public open spaces offer many benefits to quality of life, 
e.g. physical and mental health [41], social interaction and 
economic value.

Along with other green surfaces, vegetation cover plays 
important role in balancing ecological setting of an urban 
landscape [8, 14]. Green spaces are the vegetated areas 
seen within the urban boundary which includes parks, 
gardens, lawns, residential gardens, street trees, etc. They 
act as the lung of cities as they absorb carbon dioxide 
 (CO2) and release oxygen  (O2) thus purifies the urban air 
[26]. They also play important role in reducing the urban 
heat island (UHI) effect and land surface temperature 
(LST) within an urban area [65]. One of the major topics of 
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urban environmental and territorial sustainability which 
concerns not only about environmental sustainability but 
also deals with social as well as cultural issues is landscape 
quality [5].

In order to assess the landscape quality, judicious selec-
tion of indicators is very important. The indicators of urban 
landscape quality are the sum total of all urban elements 
ranging from artificial to natural surfaces, the improve-
ment in the landscape quality shall leads to improvement 
in quality of life of urban dwellers [4]. The environmental, 
cultural and morphological characteristics are the base of 
the indicators of landscape quality of a region which help 
to choose and put into practice by the local politics [3]. 
There are various methods of assessment of landscape 
quality which may depend on the types of indicators used 
[20]. Selecting the indicators for landscape sustainability 
and quality is a difficult task as it falls into the responsibility 
of various local authorities like urban planners, architects, 
decision makers, etc. [1]. A number of studies have applied 
landscape quality index in order to analyse the urban sus-
tainability [5, 20, 19, 44] during the past few decades. In 
the age of remote sensing technology since 1972, the 
quantification of various indicators of public open spaces 
by using high-resolution satellite data is being done.

Sowińska-Świerkosz and Chmielewski [61] have 
assessed landscape quality based on public opinion. They 
used a method that links public and expert opinions in 
the process of the development of indicators of landscape 
quality. An indicator was developed to assess the ecologi-
cal landscape quality (IELQ) based on the use of surrogate 
measures which includes landscape diversity, the degree 
of the ecological significance of land cover forms and the 
character of linear landscape structures for assessing eco-
logical quality (EQ) and a GIS approach [59]. Indicators of 
natural landscape in terms of per capita availability, ena-
bles not only to rank the urban landscape but also reflects 
the human contact to natural landscape as well as human 
well-being [45]. Six indicators which may come under 
public or private were used to assess the urban landscape 
quality: 3 from type and characteristics of residential build-
ings, one each from urban infrastructure and green infra-
structure and one as other landscape elements like water 
bodies, forests, etc. [20].

The main objective of the study is to analyse micro-level 
(ward-wise) quality of urban landscape in terms of pub-
lic open spaces in the East and North-East Delhi, which 
is in one of the most densely populated parts of Delhi. 
After going through expert literature on landscape and 
guidelines provided [1, 2, 20, 43, 50], we have selected five 
landscape elements as indicators of quality of landscape, 
considering their functions as landscape and contribution 
to the urban sustainability termed as POS. Four of them 
represent natural landscape features, i.e. open space, open 

green, parks and playground and vegetation cover. The 
last one is population density, as humans are the most 
dominant species and users of landscape. These five indi-
cators are combined into a composite index for assessing 
the quality of the urban landscape. By nature, it is a topical 
study with emphasis on landscapes services at micro-level. 
It is novel in the sense that most scientific studies deal with 
configuration, structure and functions of the landscape 
including almost all conceivable aspects of the entire land-
scape or its different components.

2  Study area

Delhi is the second largest city in India with about 16.8 mil-
lion populations [6]. It is the centre of the National Capital 
Region (NCR), which has only one of its kinds ‘inter-state 
regional planning’ area formed by the ‘National Capital 
Region Planning Board Act of 1985’. The population den-
sity in Delhi is high due to immigration from other states 
mostly from Uttar Pradesh, Haryana and Bihar [51]. For 
the present study, we have selected eastern part of Delhi 
(commonly known as Yamuna Par), which consists of two 
districts: East and North-East districts (Fig. 1). These two 
districts together comprise of 64 municipal wards and 
have an area of 96.47 km2. The districts are divided from 
rest of Delhi by Yamuna River and are among the most 
densely populated districts of Delhi (40962 persons/ km2).

3  Material and method

3.1  Material

The data used in present study are secondary data as well 
as satellite data. The satellite images of East and North-East 
Delhi were captured from Google Earth which has a spatial 
resolution of 0.5 m, to extract the various features from the 
images (Table 1). The Google Earth data which are freely 
available data (https ://earth .googl e.com/web/) of month 
of March 2017 have been used for this study. The district 
and ward boundary based on 2017 Municipal Corpora-
tion of Delhi (MCD) election has been obtained from local 
MCD office, and the ward-wise population data have been 
obtained from the [6]; District Census Handbook, 2011. As 
the ward map is modified during each election, the name 
of some wards has been changed or some new wards have 
been created from older ones.

3.2  Method

We select eastern part of the Delhi as the study area to 
analyse the spatial distribution of POS and its relationship 

https://earth.google.com/web/
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with the population distribution. Firstly, the satellite 
imageries were taken from Google Earth in tiles, and then, 
all the tiles were mosaic to get the full satellite scene of the 
study area. The indicators classified as POS for this study 
were then vectorized manually/visually in ArcMap 9.3, and 
finally, the matrix for the each indicator was calculated. 
Ward and district boundary obtained from local municipal 

corporation was also vectorized so that the extracted fea-
tures can be superimposed over one another to draw the 
relationships. A general flowchart of methodology is given 
in Fig. 2.

The study of landscape characteristics is an important 
aspect of urban environmental studies. In this study, we 
have developed an index for landscape quality based on 

Fig. 1  Location of the study area

Table 1  Types of data used and 
their sources

S. no. Data source Data type Year Extracted information

1 Google Earth Satellite imageries 
(0.5 m Spatial Resolu-
tion)

2017 Parks, playgrounds, vegetation, 
open area and open green 
space

2 Municipal Corporation Ward map 2017 Ward boundary
3 Census of India Demographic data 2011 Ward-wise population
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Z score and weighted method. We assigned each indicator 
a weight based on their importance and then rearranged 
the weight as its sum becomes 1. Then, we multiplied this 
weight of each indicator with the respective Z score of that 
indicator of the urban landscape quality.

3.2.1  Extraction of public open space (POS)

The study uses four POS: (1) open land (without green), 
(2) open green patches (having short grasses), (3) parks 
and playgrounds and (4) vegetation cover (plantation 
and tree cover) as well as population density (Table 2) 
as the indicators to assess the landscape quality. Various 

types of open spaces like barren land, shrub land, urban 
forest, plantation, community parks, private gardens, 
religious grounds, etc., have been taken to assess the 
quality of landscape in Indian cities [29, 37]. The typolo-
gies of public open spaces, e.g. open green, playground, 
open space, parks, plantation, urban forests, etc., have 
been used as indicators of urban landscape quality along 
with other indicators from human, cultural and environ-
mental parameters to develop the urban landscape qual-
ity index [4, 3, 7, 16, 20, 64]; therefore, we have selected 
the indicators based on these studies. The land which is 
vacant with or without short boundary walls and waste 
land without any green cover has been classified as open 

Fig. 2  Flowchart of the meth-
odology

Ward-wise Per Capita POS, Percent share of 
POS & Landscape quality index

Census of India 
(District Census 

Handbook)

Demographic Data

Total 
Population

Ward Map

MCD

Ward wise Per Capita
availability of each 

Parameter and weighted 
scores of each parameter

Feature Extraction through 
Manual Digitization

Image Mosaic

Satellite Data from Google 
Earth (0.5 m) Spatial 

Resolution

Geo-reference

Population 
Density

Calculation of Z score for 
each parameter and 

composite index score

Table 2  Classification of public 
open spaces

S. no. Indicators Description

1 Vegetation Vegetation along canals, roads, streets, etc.
Urban forests and plantation

2 Parks and playgrounds Sports and leisure facilities
Parks and public sitting areas, etc.

3 Open green patches Residential gardens
Natural grass and shrub lands

4 Open space/barren land Barren lands and waste lands
School/courtyards

5 Population density –
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space. The areas with short grasses and shrubs of any 
size and dimensions have been classified as open green. 
The public sitting spaces and gardens are classified as 
parks and playgrounds. The forested and plantation 
areas, trees along canals, streets and patches of green 
cover are classified as vegetation. The parks and play-
grounds are the anthropogenic public space that reflects 
whether the area is planned or not. They offer physical 
activities like walking and leisure activities, while within 
residential areas they offer public sitting space.

These features selected as indicators of urban land-
scape quality in this study were extracted manually 
using very high-resolution satellite data in ArcMap 9.3 
GIS software. The dense forest and tress along the roads 
and canals were easy to identify and were categorized 
into vegetation cover, while the open grasslands and 
sparse vegetation covers were categorized into open 
green. The parks and playgrounds are planned natural 
spaces which are easy to be identified on high-resolution 
satellite imageries, while open spaces are lands without 
any natural cover or man-made structure, which were 
also identified and extracted for the study.

3.2.2  Calculation of per capita POS

The demographic data obtained were used to find out 
the ward-wise population distribution and density. Cho-
ropleth method is used to plot population density using 
Arc Map 9.3, and the extracted features of urban land-
scape quality were thus overlaid to assess the relation-
ships between population density and per capita POS. 
The ward-wise per capita availability (percentages) of 
POS has been calculated by using formula (1).

3.2.3  Calculation of landscape quality index

To calculate the landscape quality index firstly, the per 
capita availability of each indicator of urban landscape 
quality taken in this study, i.e. open space, open green, 
vegetation, etc., was calculated separately. Then, the Z 
score of each indicator was calculated by using formula 
(2)

where i, j are the unit of observation and number of indi-
cators, x—per capita score of one indicator of a ward, µ—
mean score of that indicator of all wards, and σ—standard 
deviation of that indicator of all wards

(1)

Per Capita POS (sq.m) =
Total POS in a Ward

Total Population of a Ward

(2)Zij =
xij − �ij

�j

3.2.4  Weighting procedure

Weights of indicators of quality of landscape in terms of LS 
and their utility are worked out using a twofold method. At 
first, thirty experts, including architects, environmental sci-
entists, geographers, psychologists, sociologists and town 
and country planners, five each and 130 residents (users of 
LS), have been approached. They have been requested for 
their opinion and ranking of selected indicators. As regard 
opinions on the indicators, an overwhelming majority 
expressed priority for the presence of greenery in the city. 
However, in ranking priorities, some have the opinion that 
vegetation and parks and playground covered with grass 
are equally important. Nevertheless, as requested they 
ranked each indicator assigning a single value from one 
to five without repeating. Their ranking of indicators has 
been based on their expertise and experience.

The next step involved calculating relative weights of 
indicators of LS, using an online analytic hierarchy pro-
cess (AHP) Priority Calculator (https ://bpmsg .com/acade 
mic/ahp_calc.php). Since the method requires the input 
of positive integers to work out weights of variables. Out 
of ten choices, the rank of the variables decreases from 
highest to the lowest. The AHP algorithm used provides 
four ranking choices for the indicator with a rank of five. 
It gives three ranking choices for indicator ranking four, 
two choices for the next and only one for indicator with 
a rank of two. Therefore, in the case indicators of order 
five, four and three, it has been possible for rank inputs 
to be roughly in the proportion of those who assigned 
varying ranks to different indicators. Weights, thus worked 
out, have been reduced to the sum of one (1.0). However, 
considering the views of a majority of users and experts on 
building congestion/high population density as having a 
decorating effect on liveability, its weight obtained by the 
AHP method is given a negative sign. As a consequence, 
the sum of weights became less than one (1.0). In order, 
to make up the deficit, the difference of the sum from one 
has been proportionately distributed among the first four 
weights. It increased the value of positive weights but 
all the five weights, including negative one, summed to 
1.0. The densely populated areas are negative areas from 
the point of the wholesome environment. Average of the 
rank score as assigned by the users and experts and final 
weights calculated by analytic hierarchy process (AHP) are 
given in Table 3. 

Based on [20], relative weight of 1–5 has been 
assigned five indicators selected, and green spaces 
have been considered as the most important indicator 
of urban landscape analysis and urban highest weight 
of (5) is given to it, followed by parks and gardens/
playground and open spaces [19]. Hence, the present 
study has followed the Garau and Pavan [19] criteria to 

https://bpmsg.com/academic/ahp_calc.php
https://bpmsg.com/academic/ahp_calc.php
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assign the qualitative weight for assessing urban land-
scape quality. Population urban has assigned the least 
weight as it has a negative impact on landscape quality. 
Vegetation has been assigned the highest weight of 5, 
because it acts as lungs of the urban environment, and 
also acts as the most important agent in the landscape 
quality and balances thermal properties of the land 
surface. Parks and playgrounds are the planned and 
maintained human as well as natural areas, which pro-
vide leisure and recreational facilities for people; thus, 
they have been assigned the weight of 4, followed open 
green weight of 3, open space a weight of 2, the weights 
were sum up, and it has been divided by the weight of 
each indicator to find out the weighted scores by using 
formula (3).

The composite index score has been calculated using 
formula (4)

where CI–composite index scores, wj—weights of indica-
tors, xij—z score of each indicator, m—number of indica-
tors (5), j—1,…,m, i − 1,…,n (64 units of observations).

The z score of all the indicators of urban landscape 
quality is multiplied by their respective weighted scores 
as calculated using formula (4) to get the composite 
index score for landscape quality. However, the weight 
of population density is negative because population 
density contributes negatively to the quality of land-
scape. This composite score was then classified into 
five classes by using standard deviation method, i.e. 
very low (< µ − 0.5σ), low (µ − 0.5σ to µ), medium (µ to 
µ + 0.5σ), high (µ + 0.5σ to µ + σ) and very high (> µ + 1σ).

(3)

Weighted score (w) =
Assigned weight of the indicator

Total weight of all indicators

(4)CI =

∑m

ij
wjxij

m

4  Results

4.1  Analysis of per capita public open spaces (POS)

The spatial analysis of the per capita POS in the area 
revealed that 50 out of 64 wards are lacking in fulfilling 
even the criteria of 9 m2 ‘per capita green space’ as recom-
mended by the WHO and only 14 wards fulfil the criteria 
of the WHO, whereas only two out of 64 wards (Sonia Vihar 
and Trilokpuri West) fulfil the criteria of 30 m2 ‘per capita 
green space’ as recommended by UN. The wards of south 
and south-western part of the study area have the high-
est per capita POS. The population density is low in these 
wards, and the availability of POS is also in significant pro-
portion like Sonia Vihar (49.16 m2 per person). The western 
part of the study area also has sufficient per capita POS 
availability like IP extension (27.20 m2), while the wards 
of central part of the region like Babarpur, Ghonda, Nehru 
Vihar, etc., do not have sufficient per capita POS (Supple-
mentary material on Appendix-I). Population density is the 
main determinant factor of per capita POS as the wards 
with high population density show low availability of per 
capita POS, while wards with low population density show 
sufficient availability of per capita POS (Fig. 3).

4.2  Open spaces and open green

The spatial analysis of percentage share of open space 
shows that Trilokpuri West has the highest per capita open 
space (27.63 m2), while Ghonda has lowest (0.03 m2). The 
per capita open space is highest in wards of south-east like 
IP extension, Dallupra, wards of south-west like Trilokpuri 
west and wards of north-west like Sonia Vihar which have 
close proximity to the Yamuna River bed (Fig. 4). The wards 
near to Yamuna River bed have low population density 
and abundant of open areas thus have high per capita 

Table 3  Weights of different indicators of public open spaces

Indicators Experts and users’ 
average weights

Experts and users’ average 
weights (reduced to one)

Integer 
weights

Weights by AHP AHP weights 
accounted for negative 
weight

Vegetation (w1) 4.62 0.31579 5 0.51760 0.59072
Parks and playgrounds (w2) 3.97 0.27136 4 0.23052 0.26309
Open green patches (w3) 2.95 0.20163 3 0.11292 0.12886
Open spaces/Barren land (w4) 1.88 0.12851 2 0.07296 0.08333
Population density (w5) 1.21 0.08271 1 0.06600 − 0.06600
Total 14.63 1.00000 15 1.00000 1.00000
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open space, while wards of central part of the region like 
Shahdara, Subhas Mohalla, Nehru Vihar, Laxmi Nagar, etc., 
have high population density and less open space thus 
have low per capita open space (Supplementary material 
on Appendix-I).

The per capita open green space is highest in wards of 
north-west like Sonia Vihar (19.19 m2) and south-west like 
Trilokpuri West (12.59 m2), while central wards like Ghonda 
(0 m2), Kanti Nagar (0.1 m2) and Babarpur (0.1 m2) have 
least per capita open green space. The wards of central 
part of the region like Seelampur, Shahdara, etc., and 
northern parts like Sadatpur have high population den-
sity and low open green space thus have low per capita 
green space, while some wards of southern part like Pat-
parganj, western part like Pandav Nagar and eastern part 
like Anand Vihar and IP extension have comparatively high 
per capita open green space (Supplementary material on 
Appendix-1).

4.3  Parks, playgrounds and vegetation

Among different types of POS, playgrounds are observed 
in least proportion, followed by parks. Out of 64 wards, 
only 24 have at least one or more number of playgrounds, 
while parks are also absent from some wards of north-
ern part of the region. The distribution of both parks and 
playgrounds is uneven in the region. The per capita parks 
and playgrounds are maximum in wards of south-east like 
Gharoli (5.2 m2) and Anand Vihar (5.1 m2), while central 
wards like Ghonda, Seelampur and Babarpur as well as 
northern wards like Karawal Nagar East, Shiv Vihar and 
Sadatpur are totally deficit in parks and playgrounds (Sup-
plementary material on Appendix-I). Wards having high 

population density like Nehru Vihar, Shahdara, etc., have 
low per capita parks and playgrounds (Fig. 4).

Like parks and playgrounds, the distribution of vegeta-
tion is also sparse and uneven in the region. Opposite to 
the open and open green spaces, the vegetation cover is 
not available in sufficient proportion in the wards close 
to Yamuna River bed, while available in sufficient propor-
tion in the wards of southern part of the region. The per 
capita vegetation cover is highest in Preet Vihar (9.13 m2), 
followed by IP extension (5.24 m2) and Dilshad Garden 
(5.15 m2). Most of the central wards except some like Preet 
Vihar, Vinod Nagar, etc., have low per capita green cover 
like Nehru Vihar, Laxmi Nagar, Kanti Nagar, etc. The eastern 
wards like Anand Vihar, Dallupra, etc., and south-western 
wards like Mayur Vihar Phase-I have high per capita veg-
etation cover (Supplementary material on Appendix-I), 
while the north-central wards like Kardam Puri, Ashok 
Nagar, etc., have low per capita green cover.

4.4  Analysis of urban landscape quality

The study shows that more than two-thirds of the wards of 
the study areas have very low and low index of landscape 
quality. Karl Pearson coefficient of correlation is applied 
which shows weak negative correlation (− 0.32) between 
population density public open spaces; it means higher 
the population density, lower the POS and lower the popu-
lation density, higher the POS. The degree of correlation 
of population density with open space, open green, parks 
and playgrounds and vegetation is − 0.28, − 0.23, − 0.27 
and − 0.29, respectively; this again shows weak nega-
tive correlation. The study shows that composite index 
score of per capita POS ranges between − 1.23 and 3.25 
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(Supplementary material on Appendix-II). Out of sixty-four 
wards, twenty-six wards come under the very low cate-
gory (below − 0.43). It is why landscape quality in these 
wards is observed at its lowest. As many as fifteen wards 
come under the low category (− 0.42 to 0.01) of landscape 
quality, while nine wards come under medium category 
(0.00–0.44) landscape quality. On the other hand, only 
three wards come under good category (0.45–0.88) and 
eleven wards come under the very good category (0.89 
and above) of landscape quality.

The wards of south-eastern and eastern parts show 
the best landscape quality like Preet Vihar, Anand Vihar, IP 
extension, Dallupra, etc. The wards are located on Yamuna 
River bed like Sonia Vihar, and Trilokpuri West also shows 
the best quality of urban landscape. The abundance of 
open and open green spaces and low population den-
sity are the factors behind good quality of landscape in 

these wards. The wards of central and northern parts of 
the region like Nehru Vihar, Jhilmil, Shakarpur, etc., show 
low quality of landscape due to high population density 
and sparse distribution of the POS. Overall, the wards of 
south and eastern part have better landscape quality than 
rest part of the study area (Fig. 5).

The wards which have high density of population 
(5,97,998 person/km2) reflect a lower landscape quality 
like Nehru Vihar which have a index score − 1.23. Seelam-
pur, Sadatpur, Subhash Mohalla, Nehru Vihar, Nand Nagri, 
etc., also have high population density and low quality of 
landscape, while the wards which have low population 
density have best quality urban landscape such as Anand 
Vihar (12,582) and Preet Vihar (16,195), have the lowest 
population density and have highest index score Preet 
Vihar (3.25) and Anand Vihar (2.04) (Appendix-II). Besides, 
population density, open space and open green space are 
also important determining factors of landscape quality in 

Fig. 4  Spatial distributions of POS and population density in East 
and North-East Delhi

Fig. 5  Urban landscape quality in East and North-East Delhi
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the region. The wards like Sonia Vihar and Trilokpuri West, 
etc., have adequate open and green space and have good 
quality landscape, while wards like Sadatpur, Laxmi Nagar, 
Kanti Nagar, etc., have very low proportion of open and 
green spaces and have low quality of landscape.

5  Discussion

The urban landscape in India during twenty-first century is 
designed around the broad concepts like development of 
smart cities and industrial corridors [32]. The recent guide-
line of Ministry of Urban Development (MoUD) states that, 
if a plot of more than 10,000 m2 is to be developed, then 
a minimum 10% area is to be left under vacant either with 
or without green cover [47] to maintain landscape qual-
ity. But these rules are not followed in most of Indian cit-
ies including Delhi. It is noticeable that green patches or 
vegetation cover is found in clusters in the East and North-
East Delhi. These green areas are mostly clustered in the 
periphery of the study area and disappear almost abruptly 
without a gradient either natural or human introduced to 
the landscape. The same spatial pattern is observable in 
almost all big cities of India and cities of other countries 
[36, 33]. Therefore, it is the need of the hour to increase the 
public open spaces as well as the green spaces in order to 
attain a better landscape quality in the Indian cities which 
are experiencing fast population growth and urbanization.

The capital city of India New Delhi is the greenest met-
ropolitan city of India with about 22% green cover, and 
the per capita green space is about 20 m2 compared to the 
other metropolitan cities like Mumbai and Chennai which 
has less than 10% green cover [9]. The per capita green 
space in Mumbai is 1.28 m2 [28], and Chennai has 0.46 m2 
[63]. But in comparison with metropolitan cities, other big 
cities like Gandhinagar and Chandigarh have higher green 
spaces, i.e. 160 m2 and 55 m2 per capita green spaces, 
respectively [9, 23]. Jain et al. [30] analysed the landscape 
quality of Dehradun city; during past decades the city’s 
status has changed from a tourist destination to an admin-
istrative and industrial centre which leads to densification 
of the city which leads to poor landscape quality. Sharma 
and Joshi [55] analysed the landscape dynamics of Delhi 
and found that the urban infilling has led to declining 
urban quality in the city. According to Census of India [6], 
the population of East Delhi has increased from 3.2 mil-
lion in 2001 to 3.9 million in 2011, which has high impact 
on expansion of built-up area, and encroaching the open 
spaces, water bodies and green areas that resulted in low-
ering of landscape quality. The main reason of declining 
landscape quality in East Delhi is lacking in public open 
spaces with response to population distribution.

The public green area is not available in all parts of the 
cities, but it has important impact on the landscape qual-
ity of cities [20]. Public open spaces are at the centre of 
debate on urban sustainability and design because it is 
essential for the quality of life (QOL) of urban inhabitants 
[52]. In [National Forest Policy [49], it is envisaged that an 
urban area should have at least 33% of its geographical 
area under the green cover, but the proportion of POS is 
not sufficient in Indian cities [22, 46]. The USA has devel-
oped a method of declaring a city as ‘Tree City USA’, while 
China has developed a system of ‘National Garden City’ 
based on certain criteria like per capita public open spaces, 
green space-total land ratio, green space canopy cover-
age, etc. [9] to maintain and analyse their urban landscape 
quality, but in India there is no such initiative.

The gap of knowledge in the relationship between POS 
and QOL originate from the lack of research in the area 
at various scales and changing urban form. Though stud-
ies on land use/cover and urban sprawl are pregnant with 
this information but never explicitly discuss. There are very 
few studies which analysed the relationships between one 
and more open spaces with QOL indicators [10, 62]. Garau 
and Pavan [19] analysed the landscape quality based on 
accessibility, management, protection, appearance, etc., 
of the QOL and physical, social and built environment 
of urban areas. The indicators of landscape quality were 
developed by linking the social and expert opinion [61] 
and using public opinion [60]. Luck and Wu [42] used a 
gradient analysis to study the landscape pattern of Phoe-
nix city of USA by classifying the twenty-four urban land 
use classes into six open and residential classes in order. 
On the methodological count, studies have assessed land-
scape quality based on open and green spaces [16, 20, 
42]. The landscape quality is assessed based on weight-
age where weights were assigned on a scale of 1–5 for 
each type of open and green space Gavrilidisa et al. [20]. 
The index developed in present study is based on similar 
weighting as used by Gavrilidisa et al. [20] of public open 
spaces, and thus can be applied to assess landscape qual-
ity of other Indian cities as well which has similar physical, 
demographic as well as socio-economic structure.

6  Conclusion

The size and spatial arrangement of the POS in an urban 
area are indicators of the sustainability of the urban land-
scape. The study shows that the population density and 
location of a ward are the main factors of distribution of 
POS. The study further indicates that the wards with a 
high density of population have a low per capita share of 
POS. The location of wards also plays a crucial role in the 
distribution of POS, e.g. the wards close to Yamuna River 
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and those in the northern part, where urban expansion 
is observed in the recent past, the per capita POS is high, 
while in the wards of central part of the region, the per 
capita POS is low. The study shows that 14 wards meet the 
WHO criteria of per capita green space availability, while 
only two wards match the UN criteria of per capita green 
space. The result shows that maximum wards fall under 
the very low to the medium category of urban landscape 
quality. Only 14 wards have landscape quality above a 
medium category. It is seen that population density is the 
main determinant of landscape quality because wards 
with higher population density have low landscape qual-
ity and vice versa.

As regard to spatial arrangement, green patches are 
highly clustered as confirmed by the Rn value of 0.56 
returned by the nearest neighbour analysis. The services 
of these patches are inaccessible to the poor who do not 
possess motor vehicles. Further, their distance from built 
area is too far to have a cooling effect on the built-up area 
during summer. On the other hand, other POS are also 
not evenly distributed. These are randomly arranged over 
the space of the East and North-East Delhi as confirmed 
by Rn statistic of 1.46. However, they are available in all 
wards in some measure or are nearby built-up area, there-
fore, accessible to a significant portion of the population. 
Hence, the researchers suggest that there is an urgent 
need to increase either open spaces or green open spaces 
or both so that landscape quality can be improved, which 
shall result in better quality of life of city’s inhabitants.
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