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Changing Land Use and Land Cover in Urban Space in India:
Case Study of NOIDA, Pune and Bengaluru

ABSTRACT

Urban green areas are crucial for the wellbeing of the residents in any city. Expansion of urban areas
and the conversion of lands into built-up surfaces are one of the major implications on land use land
cover (LULC) of the city space including reduction of green space. Demand for more space and
resources in urban areas is driven by the increasing population for multiple factors including economic
reasons. Any planning and management of urban development requires a detailed analysis of LULC
change and its impacts on the overall ecosystem of the region. This paper examines the changes in
spatial-temporal patterns of LULC at granular geographic level (municipal sector/ward) in selected
cities of India using remote sensing and GIS techniques. Three major cities were chosen, NOIDA,
Pune and Bengaluru, based on their rapid urban expansion in recent time. LULC classification of three
years over two decades (2001, 2010 and 2022) are executed using maximum likelihood technique to
obtain 6 distinct classes — Water, vegetation, Urban, agriculture, fallow land and open green. One of
the major findings is that the built-up area of the selected metropolitan cities has increased to a great
extent during the last couple of decades, but not impacting other LULC characteristics in similar
fashion. Contrary to the general perception, NOIDA shows an increase of vegetative area during 2001
to 2022, which are much higher compared to Bengaluru and Pune. The results suggest that the
urbanization process in Bengaluru is at an alarming condition as built up spaces gradually sweeping
out the vegetation, agriculture and other land use classes. This paper also constructed a livability index
across granular geographies of Municipal sectors/wards. The research findings can be a useful as a
decision-making tool for policymakers and urban planners with respect to the proposed city
development plan to implement the sustainable development goal and manage the future land demand.



Changing Land Use and Land Cover in Urban Space in India:
Case Study of NOIDA, Pune and Bengaluru

1.0 Introduction

Urban green space does not have any global definition that helps people in understanding equivalence
of the concept. “Generally, urban green space (UGS) includes parks, gardens, street greenery,
wetlands, community green spaces, natural woodland, etc., which is recognized as the optimized
mechanism for human living environments and life quality (1). However, UGS delivers ecosystem
services that are immensely beneficial for health of the residents, especially for women and the old by
encouraging various physical activity behaviors and nature contact (2)). “Health” has been defined as
“a state of complete physical, mental and social wellbeing, not merely the absence of disease or
infirmity” (3). Recent years, especially Covid 19 pandemic, taught us that health as a state of both
physical and mental well-being is extremely important. Studies suggest that greater use and coverage
of UGS in residential spaces can improve behavioral development, reduce rate of Attention of Deficit
Hyperactivity Disorder in children, help restorative psychological effects, and reduce the feelings of
loneliness (4).

Rapid urbanisation leading towards changes in land use and land cover (LULC) is a major global
concern (5). The population growth in cities coupled with unplanned and extensive development poses
multiple challenges on sustainability and management of urban environments (6). The United Nations
Population Fund (7) report says that India is anticipated to be world’s most populous country by 2023
having a population of close to 142 crore (7 ). Additionally, India’s urban population is expected to
reach 40.76% by 2030 as compared to 34% in 2020 (8) and UNFPA (9). Population growth leads to
intensive anthropogenic activities impacting infrastructure management and physical environment of
the cities (10). These also limit availability and accessibility of public facilities causing irreversible
losses to natural environment including water bodies, vegetation and similar ones.

Increased demand for commercial spaces, industrial zones, and infrastructure development leads to the
expansion of built-up areas. An economic multiplier effect is seen in terms of population growth,
investments, improvements in transport network and communication, better living standards, higher
education facilities and employment opportunities (11, 12). These shifts in economic development
transform the urban landscape, eventually leading to urban sprawl and finally urban agglomeration. As
a consequence, LULC in these cities generally experience large scale changes which is reflected
through depleting natural resources and quality of physical environment (13).

The Indian government launched multiple schemes to address land management, sustainable city
development and urban infrastructure accessibility. Some of these schemes are Jawaharlal Nehru
National Urban Renewal Mission (JNNURM-2005), Smart Cities Mission (2015), Atal Mission for
Rejuvenation and Urban transformation (AMRUT-2015) and National Heritage City Development and
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Augmentation Yojana (HRIDAY-2015), Housing for All by 2022, With the introduction of such
schemes, it is imperative that through analysis of the changes occurring because of these change
management should also be a place to evaluate impacts. This evaluation requirement emphasises the
need for assessing the current spatio-temporal land use dynamics of Indian cities. Such evaluation
helps in comprehending the changes observed in LULC mosaic for effective urban planning. This also
helps in viewing planning from the perspective of efficient natural resource management, distributive
management of economic development and environmental conservation. These are more important
considering the fact that climate change is real and is going to impact several cities adversely unless
the planning process takes into consideration the implications of the same. Understanding the
dynamics and consequences of changing urbanisation process is key for the policymakers and urban
planners to make informed decisions regarding land requirements considering the current and future
needs (15, 16).

Research studies acknowledged the significance of monitoring LULC changes at multiple spatial and
temporal scales. The current study makes an attempt to understand the urban sprawl and LULC
change dynamics in three major metropolitan cities in India that have seen exponential growth in
recent time. The paper focuses on analysing the spatial changes over last couple of decades in terms of
LULC including built-up expansion. The analysis has used remote sensing data and GIS techniques as
a standard methodology. In addition to these, the paper illustrates imbalance in urban expansion at the
expense of natural resource components in the said cities. According to the findings of the research, an
integrated planning and management of urban development is required to balance competing demands
for land use and to mitigate the negative effects of LULC change on natural resources and human well-
being. Unless the planning process identifies the limits to growth considering the carrying capacities
of the cities on multiple fronts, it would lead to disastrous consequences in future.

2.0 Study Area

One of the prime of this study is to understand how the land use land cover has changed in granular
geographies in these cities. Therefore, we have chosen those cities that recorded rapid growth in recent
times. All three cities selected have seen drastic changes in the last couple of decades. Renewed
economic activities have attracted corporates to invest and as a consequence migration to these cities
has increased manifold. As the population increases, demand for real estate and other urban amenities
and infrastructure have also gone up significantly. As an obvious consequence urban expansion takes
place. The existing literature suggested that the potential of a city and its growth to different stages of
development, such as from a small city to metropolitan area, conurbation, megacity, and finally to a
megalopolis, can be visualised and modelled (17, 18). Considering these three major Indian urban
agglomerations, namely NOIDA, Pune, and Bengaluru were chosen to understand the growth pattern
and also the differences in growth path of these cities. These Indian megacities has showed significant
urbanisation over the past decade.

' https://mohua.gov.in/



The NOIDA (New Okhla Industrial Development Authority) is one of the largest industrial setups in
National Capital Region (NCR) adjacent to Delhi, the capital of India. NOIDA is also known as one of
the satellite cities of Delhi, located in Gautam Buddha Nagar district of Uttar Pradesh. It was
developed under the U.P. Industrial Area Development Act, 1976, with the primary goal of
decongesting the national capital and establishing an industrial area.? The city is divided into 189
sectors. The total population of NOIDA was recorded 6.37 lakh in as per latest population census in
2011 (22) which has reached to 8.2 lakh in 2023.2 The presence of numerous industries, MNCs, and
educational institutions attract a large number of people to this city.

Figure 1: Location of Selected Cities
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Figure 2: Sector/Ward Level Maps of NOIDA, Pune and Bengaluru
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Pune is one of the eight megacities in India and the second largest and fastest-growing city in
Maharashtra. Pune has emerged as an important location for manufacturing industries. It is now also
recognised as the country's information technology and education hub (26). Pune city covers an area of
303.56 km? including all cantonment areas. As per India’s population census of 2001 and 2011, Pune
city has a total population of 25.38 lakh and 31.24 lakh respectively. In 2023 Pune’s population is
estimated to be 41.07 lakhs. In 2011 it had 76 general electoral wards. However, the current draft
delimitation map for the 2022 elections proposes 58 electoral wards in Pune city. There are 564 slums
in the Pune Municipal Corporation area.

Bengaluru, also known as Bruhat Bengaluru Mahanagara Palike (BBMP), is the administrative,
commercial, cultural, industrial, and knowledge capital of Karnataka. It is composed of 243 wards and
comes under Bengaluru urban district. Bengaluru is commonly referred to as the Silicon Valley of
India due to its prominent position in the information technology (1T) industry.* Bengaluru city covers
an area of 716.28 km?. It is expanding rapidly fueled by economic growth, the availability of land,
employment opportunities with a high standard of living and a favourable climate (36). From 2001 to
2011, the urban population of Bengaluru increased from 50.22 to a total of 96.21. In 2023 the
population in Bengaluru is estimated to be 136 lakhs. However, rapid and intensive urbanisation in
Bengaluru over the past few decades has led to environmental and social challenges, including the loss
of vegetation and croplands, pollution, unprecedented traffic congestion, urban floods and urban heat
island effect.

LANDSAT multi-temporal and multi-sensor images from 2001, 2010, and 2022 for the selected cities
were used in this study. The satellite images were obtained through the USGS Earth Resource
Observation Systems Data Centre.5 The details of the Landsat satellite sensors are given in Table 1, 2
and 3 for the three selected cities. LANDSAT images are radiometrically corrected using QGIS 3.28
software for creating False Colour Composite (FCC) image to perform image classification are given
below.

4 Scalers.com
5 USGS Earth Explorer website
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Figure 6: FCC Images - NOIDA
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Figure 7: FCC Images - Pune
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ure 8: FCC Images - Bengaluru
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3. LULC Classification Method

An urban area is a complex ecosystem composed of diverse materials. Concrete, asphalt, metals,
plastic, soil cover, buildings, highways, and roads are examples of heterogeneous materials. The urban
ecosystem can be classified into three components - impervious surface material, green vegetation, and
exposed soil (46, 47). Some of the materials form distinct features that can be easily distinguished from
the satellite image in False colour Composite (FCC), whereas others, such as scattered trees, individual
buildings, soil with sparse vegetation, green croplands and other urban features are not easily
identifiable due to the sensors' low spatial resolution and appear with a mixed coloured pixel instead of
a singular pixel colour. This is thus crucial for satellite image classification to train the image with
adequate sample size (70%) and use suitable algorithm based on distinguishable pixel values.

According to National Remote Sensing Centre (48,49) LULC classification based on mapping scale,
consists of Level-I: 8 classes, Level-II: 24 classes and Level-III: 54 classes.® For this research purpose,
broadly six LULC classes were determined from Level-I classes (discarding snow) using a supervised
maximum likelihood classification (MLC) algorithm: (i) Water (rivers, lakes, ponds, and other
reservoirs), (i) Vegetation (tree cover, forest and dense vegetative areas) (iii) Urban (residential,
industrial, commercial, and transportation network area), (iv) Agriculture (crop lands), (v) Fallow land
(barren land, spare vegetative areas, arid and semi-arid spaces), and (vi) Open green (open green zones,
playgrounds, parks, grassland). Previous research shows that MLC has the potential to achieve more
accurate classification compared to various other algorithms (50, 51, 52). All Landsat satellite images
of the selected cities for the years 2001, 2010 and 2022 were classified into these six classes to further
measure the decadal change in LULC of the cities and compare those with each other.

This analysis has been extended in computing livability index for these three cities at the granular
administrative level. Urban development requires a balance between urban facilities like built up area,
transportation etc. along with the natural habitat. Unless the natural endowments are restored while
expanding urban activities, it impacts sustainability of the city in near future since several ill impacts
affect the residents. Abrupt changes in LULC leads to uncertainty of habitable condition of the cities.
These ultimately will worsen the living condition and attractiveness of these cities resulting in traffic
congestion, urban heat island effect, frequent flooding, landslides etc. (53, 54, 54, 55, 57. 58).

It is thus important to analyse the current livability condition of different sectors/ wards so that an
informed decision can be made by all stakeholders including the urban civic body as well as
residences. With an index live the livability index as used in this study, and an understanding the trend
of change in livability index over the different time frames can indeed help strategy planning at the
overall as well as individual level. The sectoral/ward-wise analysis of livability index for these there
cities can help municipal governance to perform better from decision making point of view. Multi
Criteria Decision Analysis (MCDA) technique has been used in computing the livability index. It is

6 Technical document on LULC database for dissemination through Bhuvan and Remote Sensing Application
by NRSC
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one of the useful techniques where data-driven output in form of multiple and conflicting criteria helps
in decision making (59, 60, 61). Though some of the other techniques are also available for similar
purpose like Analytical Hierarchy Process (AHP), Multi-Attribute Rating Technique (SMART) etc.,
this method was preferred since only secondary data was used for this objective in absence of primary
survey data. A scheme of subjective weights for each LULC variable is implemented to compute the
livability index. Equal weights were not used to avoid conflicting results (62, 63, 70). The weight for
each LULC variable was assigned on a scale of 0 to 5 based. The research team did an expert
consultation and also used available literature to arrive at the weights (74, 75, 76).

The primary thumb rule used for the weighting scheme is the importance of each LULC parameter
from an urban sustainability point of view. Urban sustainability aims to improve the social, economic,
and environmental conditions of a city to ensure the quality of life and well-being of current and future
residents.” A healthy and happy living can be defined as a balance between natural and man-made
endowments of a place. For example, higher the built-up density in an area, it is less livable and also
potential for further urban development is also lesser. Several areas turn into jungle of concretes in
many cities that makes it a challenge from livability point of view. The sustainable development goal
(SDG) are less likely to be achieved in these locations. As explained earlier, discussions with experts
helped in deciding on the subjective weights for each LULC criteria.

After performing the sector/ward-wise livability index (LI) assessment using MCDA technique, the
sectors/wards are ranked based on the performance score obtained using the following equation:

LI =Y"_,(Water,. W1, + Vegetation,.W2, + Builtup area,.W3, + Agriculture,.W4, +
Fallow land,,. W5, + Open green, . W6,) .........cccceeeviinininin.. (1

, where ‘W1i,,” denotes the weights assigned to each corresponding LULC class (Table 7) and ‘1’ refers
to the class no. from 1 to 6 as mentioned in Table 7. Finally, ranking is done based on the LI score.
Highest LI score is ranked 1 and the lowest score is ranked the last among the sector/wards in each
city.

4. Results

4.1 LULC change in NOIDA

NOIDA was predominantly an agricultural region in 2001 comprising 77% of the area covered with
crop lands which was reduced to 49% in 2010 and subsequently to 24% in 2022. On the contrary the
Urban area which was 13% of the total area in 2001 increased to 30% in 2010 and to 49% in 2022. In
2001 the urban areas were mostly concentrated in the north eastern part of the city which has closer
proximity to Delhi. However, the maps presented in Figure 8 show that over time the urban areas
sprawled to southeast and southern regions covering all parts of the city. Two other most notable
changes are recorded for vegetation and fallow land. Normally one expects that vegetation cover

7 https: /www.studysmarter.co.uk/explanations/human-geography/urban-geography/urban-sustainability/



decreases with increase in urban space in any city. Contrary to general belief vegetation cover has
increased with growth in urban space as shown in Figure 9. The vegetation cover increased from 2% to
14% between 2001 to 2022. However, the growth in vegetation cover was smaller between 2010 to
2022 compared to that of 2001 to 2010. Satellite images of year 2010 and 2022 of sample areas where
green cover has increased are presented in Figure 10. This signifies the engagement of the city
dwellers (resident associations) and urban authorities towards urban green space maximization
focusing on vegetation growth in parallel with construction activities. The newly developed sectors,
such as sector 42, 47, 75, 137 etc., are developed following improved urban planning, considering
restoring and maintenance of the green spaces. The open green space and water area is found to reduce
after 2010 primarily due to rapid urbanization.

Figure 8: Change in Land Use and Land Cover from 2001 to 2022
NOIDA
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Figure 10: Sample Images of Increase in Green Space in NOIDA between 2010 to 2022
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4.2 LULC changes in Pune

In contrast to NOIDA, Pune had predominantly fallow lands in 2001 comprising 42% of the total land
area. However, it decreased to 35% in 2010 and further massive decrease was noted to 13% in 2022.
Vegetation cover recorded a swing from 21% in 2001 to 13% in 2010 and again back to 22% in 2022.
A significant increase in the share of urban space was noticed between 2001 to 2010 and 2010 to 2022.
From 29% in 2001 the share of urban space increased to 41% in 2010 and in 2022 it reached a high of
52%. It can be assumed the first phase of urbanization process during 2001 to 2010 is predominantly
expanded as the cost of vegetative area and fallow land, but after 2010 the urbanization primarily grew
using the fallow lands (Figure 11). Surprisingly, the agricultural land of Pune observed marginal
increase during 2001 to 2022. Water area has also shown marginal increase between 2001 to 2022.
Open green space has also observed marginal increase during the study period. It signifies,
development of open green areas in the city such as playgrounds, parks and preservation of grassland.
A significant example can be the Khadki Cantonment regions which have succeeded in maintaining the
green cover with public initiatives. Similarly, Taljai Hill (protected area under the control of the
Ministry of Forest, Government of Maharashtra) has been transformed from barren land to green cover
in the last decade. It may also be the reason that the vegetative cover has also increased during 2010 to
2022 in Pune (Figure 11). An increase in vegetation cover and open green space is definitely a good
sign for the city.
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Figure 11: Change in Land Use and Land Cover from 2001 to 2022 - Pune
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Figure 12: Distribution of LULC classes of Pune
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Figure 13: Green space maximization in Pune; Top - Land use type without green cover (during
2010 to 2013); Bottom - Conversion of other land use type converted to green space (2022)

4.3 LULC Change in Bengaluru

Urban growth of Bengaluru is observed to the worst and at alarming condition compared to NOIDA
and Pune as it tends to almost reach the saturation with built-up surfaces. The city has so over growth
with built-up area that there is hardly any breathable space left. The city grew concentrically and
radially outwards over the decades. Bengaluru, the ‘Silicon Valley of India’ also known as lake city
shows a rapid decline of waterbodies of 0.52% and 0.78% during 2001 to 2010 and 2010 to 2022
respectively as shown in Figure 14. Agricultural area decreased by 7.80% during 2001 to 2010 and
even more during 2010 to 2022 by 20.50% (Figure 14). Vegetative cover also decreased by 4.04%
during 2001 to 2010 and 1.65% during 2010 to 2022. Fallow land also decreased by 0.31% and 1.29%
during 2001 to 2010 and 2010 to 2022 respectively. The open green space showed negligible
increment of 0.03% during 2001 to 2022 primarily due to development of open green space, parks,
stadiums, playgrounds etc. In contrast to the decrease of all other LULC classes, Urban space shows
significant increment of 12.64% during 2001 to 2010, which was doubled up by 24.22% during 2010
to 2022. From Table 6 and Figure 14, it is evident from the rapid declination of agriculture area that
the urban space is primarily increased at the cost of agriculture areas followed by vegetative areas and
fallow land. The city is hardly left with any porous surface and that may be the prime reason of urban
floods and frequent heatwave occurrence in Bengaluru [49, 50, 51]. Due to the rapid urbanization in
Bengaluru the traffic congestion can also be assumed to be high [52].

12



Figure 14: Change in Land Use and Land Cover from 2001 to 2022 - Bengaluru
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3.0 Sector-wise Urban Livability Index (ULI) assessment

The sectoral livability performance of the ward/sectors of NOIDA, Pune and Bengaluru based on
scores obtained through the MCDA technique has been discussed below. While interpreting the scores
and ranking, it is important to consider that the scores are computed based on LULC characteristics of
the sector/wards of these cities. The reason for highlighting this point is to make sure that the one
should not be confused between residential areas alone and the livability index. The livability index by
default considers any and every land parcel in the city as given by the administrative boundaries of
these municipalities. It includes various points of interest such as campus of academic institutes,
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stadiums, hospital, malls, industrial units and every other land use characteristic as experienced in any
city. Therefore, comparing only residential areas with these scores or ranks would be misleading.

When the livability of a city ward/sector is determined, this can be done in two ways. The best one is
to define benchmark scores for level of livability and define the allocation based on the score obtained
for each of the ward/sector of the city. The scheme of weights to be used in a manner that the
categories of livability are distinctly identified and represented. The second option, which is less
complicated in terms of usage of weights, is to distribute the wards/sectors of these cities following a
standard categorization method using the obtained scores. We have opted for the second method, since
no literature was found that supports the weighting schemes to be used. The weighting scheme used in
the paper for computing livability index is subjective in nature as it was derived based on consultation
with experts. More concrete weights schemes would be appropriate to use such complicated method as
discussed for option one.

The wards/sectors of these cities are categorized into 5 groups based on level of livability. Those are
namely, very high, high, moderate, poor and very poor. The categorization used mean and standard
deviation of the LI scores to obtain this distribution which is a standard and more scientific method.
This says that the categories are more relative to each other in nature instead of representing an
absolute one.

We have presented the distribution only for 2022 since with a relative year specific measure for
categorization, comparison of three time points might not represent the changes in true sense. The
distribution suggests that in Noida and Pune close to 40% of the wards/sectors fall under very high and
high category, of course with a small proportion of very high category (4.2% and 6.9% for Noida and
Pune respectively). In both cities the wards/sectors in moderate category are close to 20%. On the
contrary, in Bengaluru sectors in very high livability category is close to 9%, which is higher than
Noida and Pune, but very high and high together account for about 30% of the total wards in the city,
which is significantly lower compared to other two cities. The wards in moderate category in
Bengaluru are also higher compared to Noida and Pune. One interesting fact is the % of wards in poor
category in Bengaluru is about 30% which is more or less similar to that of the other cities, but none of
the wards falls under very poor category. On the other hand, in both Noida and Pune 6% and 10%
wards/sectors fall under very poor category.

Though apparently it seems that Bengaluru might be a better city in terms of livability based on the
distribution as discussed above, it is not true. It looks like that because of the fact that the
categorization represents a relative scenario only in comparison to the wards within each of these
cities. The basic parameters as presented in Table 1 suggest that Noida and Pune are better placed
when livability is considered. Since the same weights were used LULC categories for each of these
cities, the livability scores are comparable across these cities. The mean score of LI is significantly
higher in Noida and Pune compared to Bengaluru. The distribution of LI score also shows that the
median score in Noida and Pune is almost 3 times to that of Bengaluru. Bengaluru also records highest
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standard deviation among these three cities. The coefficient of variation, which represents variability
of LI within each city is also much higher in Bengaluru compared to that of Noida and Pune. From an
overall perspective, Noida is the best city in terms of livability followed by Pune. Bengaluru is way
behind these two cities when livability is considered as computed with the help of LULC categories.

Table 1: Basic Statistical Parameters of Livability Index

Parameter Noida Pune Bengaluru
Total Wards/Sector 189 58 243
Standard Deviation 88 100 107
Mean 293 282 222
Median 322 327 112
Coefficient of Variation 30.19 134 48.12
Figure 16: Livability Figure 17: Livability Figure 18: Livability
Distribution of Sectors - Distribution of Sectors - Distribution of Sectors -
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Table 2 to Table presents the top 10 best and bottom 10 least livable sectors wards/sectors of NOIDA,
Pune and Bengaluru along with their LI scores.

Table 2: Top 10 Highly Liveable and Least Liveable Sectors in NOIDA - 2022

Sector Sec_tor area LI Score LI Rank
(in ha)

Top 10 Best Liveable Sectors

93 B 57.29 469 1
143 A 25.8 452 2

154 62.54 449 3
148 A 114.06 448 4
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113 42.2 445 5
104 177.97 443 6
38A 174.27 436 7
93 A 68.81 427 8
14 A 6.85 426 9
135 90.01 421 10
10 Least Liveable Sectors
54.07 127 180
32.88 121 181
2 39 118 182
16 24.56 114 183
10 32.33 112 184
Khora 397.04 110 185
22 71.62 109 186
102 106.82 108 187
59 47.55 108 188
66 70.78 102 189

Table 3: Top 10 Highly Liveable and Least Liveable Sectors in Pune - 2022

Ward no Ward area (ha) LI Score LI Rank
Top 10 Highly Liveable Sectors
51 597.43 476 1
11 709.04 472 2
8 403.38 462 3
15 478.36 443 4
21 832.98 422 5
10 740.47 419 6
22 429.47 388 7
14 1296.65 383 8
3 1211.02 381 9
7 689.61 373 10
10 Least Liveable Sectors
31 184.33 197.05 49
39 270.54 196.19 50
56 199.04 195.33 51
49 149.31 191.47 52
18 109.73 122.61 53
55 145.59 110.96 54
29 124.79 104.14 55
19 103.3 102.21 56
28 81.81 101.5 57
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| 27 | 94.38 | 101.37 | 58 |

Table 5: Top 10 Highly Liveable and Least Liveable Sectors in Bengaluru - 2022

Ward no Ward area (ha) LI Score LI Rank
Top 10 Highly Liveable Sectors
39 226.79 484 1
40 552.76 474 2
118 377.23 471 3
60 746.5 467 4
15 735.51 465 5
13 444.84 464 6
115 948.95 453 7
119 365.06 448 8
129 354.16 426 9
73 152.3 423 10
10 Least Liveable Sectors

69 81.81 101 234

185 105.6 101 235

169 45.74 101 236

166 43.96 101 237

164 106.56 100 238

194 68.44 100 239

55 65.93 100 240

160 45.42 100 241

63 64.51 100 242

138 71.21 100 243

6. Concluding Remarks

In the past few decades Indian urban space have experienced rapid changes on all fronts, especially in
terms of land use and land cover changes. The changes in land use land cover have reshaped many
Indian cities with urban built forms at the loss of agriculture lands and green areas. This phenomenon
has led to many natural calamities in these cities gradually transforming it into poor livable ones.
Urban flooding, Drought, irregular monsoon rains have become frequent due these intensified LULC
change. These anthropogenic activities have also led to degradation of natural elements of habitable
built environment such as land, air, water. Most of the previous research was only limited to analysing
the changing pattern of land use landcover at more macro-city level. This study is an attempt to
compare three Indian metropolitan cities at granular level to analyse the sector/ward wise changes
LULC pattern over the past couple of decades. The study helps to identify different sectors/wards
where intensified urban activities have already taken place and also the potential locations for new
development, especially from livability perspective. It facilitates monitoring the livability performance
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within the city at granular level. From this analysis we can identify which sector needs immediate
urban planning management plan to mitigate the extensive increase of built-up density and lack of
greenery and other natural elements required in residential areas. If the authorities intend to monitor
the changes in LULC pattern at granular locations it will help the cities and their residents to live a
healthy life which is also beneficial from economic productivity point of view.
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Appendix

Al: Sensor details of Landsat images collected for NOIDA

Sensor Scene ID

Landsat-7 ETM

Landsat-5 TM

Landsat-9
OLI_TIRS

Sensor

Landsat-5
™

Landsat-5
™

Landsat-9
OLI_TIRS

Sensor

Landsat-5
™

Landsat-5
™

Landsat-9
OLI_TIRS

7 .02 T1

02_T1

LCO09_L2SP_146040_20221208_2023031

8 02 T1

LEO7_L2SP_146040_20010128_2020091

LT05_L2SP_146040 20101129 20200823

Acquisition
Date
2001-01-28
2010-11-29

2022-12-08

A2: Sensor details of Landsat images collected for Pune

Scene ID

LT05 L2SP_147047 20010212 20200906 02_T1
LTO5 L2SP_147047 20100325 20200824 02_T1

LC09 L2SP 147047 20221231 20230315 02 T1

Acquisition

Date
2001-02-12

2010-03-25

2022-12-31

A3: Sensor details of Landsat images collected for Bengaluru

Scene ID

LTO5_L2SP_144051_20010327_20200906_02_T1

LTO5_L2SP_144051_20100216_20200824 02_T1

LCO09_L2SP_144051 20220225 20230426_02_T1

Acquisition
Date
2001-03-27
2010-02-16

2022-02-25

Time
(GMT)

05:09:21

05:08:39

05:19:17

Time
(GMT)

05:07:50

05:18:45

05:28:15

Time (GMT)

04:51:02

05:01:46

05:10:57
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