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a b s t r a c t 

The existing model of urban development is found responsible for growing environmental problems in the cities. 
This is due to the greater focus on the economic development at the cost of the environment. As a result, it led 
to some serious problems like air, water, soil pollution in the cities. It urged for a better ecologically based urban 
planning system wherein addressing the transformation from the natural landscape to the urbanscape is essential 
for effective management. However, still, in developing countries like India, no significant attention is given to 
environmental management in case of urban planning. The absence of specific directions to investigate the eco- 
environmental transformation in urban planning is one of the major reasons behind this. This study through the 
systematic review of 72 existing literature tried to identify the current theories and concepts to address the eco- 
environmental transformations in the urban areas. It found four different themes for investigating the said issues 
in the urban centres. These are land use & land cover prediction, green space, ecosystem services, and perception 
study. Lots of articles are available on the first three issues. But, the fourth theme contains a comparatively less 
number of articles. In fact, most of the works on this theme were carried out in the recent past. This study tried 
to summarize all the facts associated with these themes through intense revision. Finally, it also tried to highlight 
the methods or ways that can be adapted to apply these in Indian cities. 
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. Introduction 

The role of humans in the present-day is so dominant that it is
lassified as a different geological age: Anthropocene ( Nijhuis and
auslin, 2015 ). One of the main features of Anthropocene is the rapid
rbanization ( Chwa ł czyk, 2020 ). Urban centres are considered as the
ain hub of human activities and, with rapid progress in life, peoples

re getting more concentrated in the urban cities. Following an esti-
ate, around 66 percent of the total world population will live in the

ities by 2050 ( World Urbanization Prospects, 2015 ). However, in recent
ast, significant numbers of research works have emerged out highlight-
ng the side-effects of uncontrolled rapid urbanization ( Garrett,2010 ;
ttara et al., 2012 ; Nguyen et al., 2019 ). Cities are considered one of

he most important sources of greenhouse gasses that ultimately results
n climate change ( Kennedy et al., 2009 ). Besides, increase in imper-
ious surface by removing the vegetation cover resulted in urban heat
slands. Fragmentation and modification in natural cover threatens bio-
iversity, species dispersal, energy flow, and cycling of nutrients. This
s reflected in low return of ecosystem service values (ESVs) ( Das and
asu, 2020 ; Mitchell et al. 2015 ). 
∗ Corresponding author. 
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All the features of agenda 21 under the United Nations Brundtland
ommission in 1987 have provided the direction of achieving urban
ustainable development. A lot of research work was also carried out in
his regard ( Wu, 2013 ). However, the present model of urban growth
s found unsustainable and ultimately degraded the ecosystem signifi-
antly ( Millennium Ecosystem Assessment, 2005 ). The major drawback
f this model was giving less weightage towards the role of landscape in
rban development. Landscape resides at the interaction point of man
nd nature, which delivers different services to mankind such as urban
ooling, stormwater control, food production, recreation, and aesthetic
enefits ( Wu, 2013 ). In a study on Australian cities, it is observed that
0 percent increases in tree canopy can reduce the urban heat effect by
9 percent ( Osmond and Sharifi, 2016 ). Therefore, it is quite clear that
he incorporation of environmental issues is essential in the planning
nd design of urban areas for sustainable development. 

India, the second-most populous country in the world, has witnessed
 rapid rate of urbanization since the 1990s. In India, the development
lans and policies for the urban centres are mainly driven based on
he economic opportunities. Very little attention is given to the pro-
ection of urban environmental landscape. As a result, the urban centres
rew haphazardly and the peri-urban environment has suffered the most
2021 
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 Das and Das, 2019 ). Several recent studies have reported significant
eterioration of the environment due to uncontrolled urbanization of
ndian cities ( Mondal et al., 2017 ; Ghosh and Das,2019 ). Loss of natural
egetation cover and valuable wetlands are the most prominent. Despite
ll of these, still, there is no systemic direction of how environmental
ransformation and protection can be addressed in the sustainable man-
gement of Indian Cities. 

In recent years, it is noticed that the Government of India has started
o emphasize the development of eco-friendly smart cities throughout
he country. Pioneering work in this end was carried out by TERI with
he help of the Royal Embassy of Denmark and International Urban Co-
peration (IUC) Programme of the European Union in the form of policy
ialogues on ‘Making Liveable Cities: Challenges and Way Forward for
ndia’. It aims to create ‘people-centric’ sustainable urbanization in India
 Singh et al., 2018 ). Several other researchers have also carried out stud-
es aimed to highlight sustainable liveability in the rapidly growing ur-
an centres (Hanjabam, 2020; Saitluanga, 2014 ). However, the notable
ap is that very little attention is provided to the eco-environmental
ondition of the cities for the sustainable management of the cities. Few
ieces of research were performed at a local scale following a partic-
lar city to address the environmental issues for urban sustainability
 Yedla, 2006 ; Rahman, 2011; Ziaul and Pal, 2017 ). A broad summary
f systemic investigation of environmental issues in Indian cities is yet
o be synthesized. Hence, this study tried to present a systematic way of
nvestigating and incorporation of environmental issues in the sustain-
bility of urban areas. 

This study is conducted based on the following research questions:
i) what are the major eco-environmental issues that emerged out due
o rapid urban growth? (ii) How different researchers have tried to ad-
ress these issues in the sustainability of urban development?. This study
xamined the previous researches and presented the process of incorpo-
ation of urban eco-environmental transformation in a comprehensive
ompiled way. The findings of this study will help the researchers to
ddress the environmental issues and management in case of different
ndian cities using systematic and sophisticated methods. 

. Materials and methodology 

This study performed a systematic review of existing literature to
ddress the research questions of this study. Following Pickering and
yrne (2014) , the focus was given to make this study a systematic, quan-
itative, comprehensive, and structured review. The present study is con-
ucted systematically because all the existing articles are surveyed and
nally included in a manner that they can be reproduced. This study is
uantitative because it quantifies the research where there are gaps that
xist. The method of this study is comprehensive because it included
tudies covering different locations and variables. Further, it summa-
ized the findings of these researches. Finally, the method adopted in
his study is structured as it included several steps to collect and ana-
yze the existing literature ( Hazemba and Halog, 2021 ). The successful
nvestigation of the key areas of eco-environmental transformation due
o urban expansion depends on the understanding of the current inves-
igations and methods in this field ( Iyer and Steele, 2015 ). Therefore, it
ncludes identifying what needs to be addressed and diagnosed. It can
e built off following 1. scope and problem definition, 2. Selection of
earch string, and 3. screening of researches. 

.1. Scope and problem definition 

The objective of this study is to identify the environmental issues
ssociated with urban development and their practical management
n promoting urban sustainability. The goal is to compile different re-
earches in a systematic way to set the basis of environmental man-
gement. It is tried to make this study as objective as possible with-
ut favouring any specific perspective. Since the issue of environmental
2 
egradation due to urban growth is a recent and burning one, the audi-
nce for this study will be broad covering all disciplines that are affected
y the urban development. An initial search disclosed a large number of
esearch papers in this field. However, for better illustration and repre-
entation, several representative samples are required. The samples are
cquired following the subsequent steps. 

.2. Selection of search string 

This step is performed to search the specific researches relating to
he objectives of this study ( O’Brien and Mc Guckin, 2016 ). Since the
tudy deals with the eco-environmental transformation due to urban ex-
ansion, keywords like environmental degradation, environmental land-
cape, urban development are used. The details of the database search
tring are shown in Table 1 . 

It is important to mention that only the pieces of literature written
n English are taken into consideration following the lingual capacity
f the authors. Besides, the works that have been carried out in the
1st century (2001–2020) are taken due to having recent and updated
ethods. 

.3. Screening of researches 

Using keywords, a total number of 729 research articles are discov-
red. Later on, these huge volumes of articles were screened out by a
wo-step process. In the first step, the descriptive articles are omitted by
eading the abstract and title of the research. Following this, the number
f articles reduced down to 228. The second level of screening is done
o select the quality articles. In academics, cite score and impact factor
re the two main criteria that are considered for quality assessment. In
his study, the cite score and impact factor of the mother journal of the
rticles are evaluated to perform the second level of screening. At this
tage, the studies with similar methodology are screened out to attain a
ess number of articles following the cite score and impact factor of the
ublished journal. Finally, after two levels of screening, 72 research ar-
icles are included for the assessment. It is further important to mention
hat the objective of this study is to address only the studies that deal
ith the eco-environmental transformations in urban areas. Therefore,
assive negative environmental effects such as different forms of pollu-
ion and land surface temperature effects are not incorporated in this
tudy. Fig. 1 represents the stepwise screening process of the articles. 

. Results and discussion 

A large number of articles were selected for this study, which was
arried out at different locations between 2001 and 2020. However,
he year 2015 is marked as the pivot point from when greater focus on
ustainable development was given ( Hazemba and Halog, 2021 ). Table 2
ummarizes the findings of all the selected articles in a single form. 

A detailed investigation of the selected literature revealed that rapid
rban expansion has led to several environmental problems such as
oss of natural cover, a significant decrease in ecosystem service val-
es (ESVs), fragmentation and loss of green space, and deterioration
f neighborhood environmental quality. Loss of valuable wetlands and
atural vegetation cover mainly in the peri-urban region due to urban
xpansion is very common in case of Indian cities ( Das and Basu, 2020 ;
hosh and Das, 2019 ). Several studies showed that deterioration and

eduction in environmental covers due to uncontrolled urbanization re-
ected in low ESVs ( Das and Das, 2019 ; Wan et al., 2015 ; Zang et al.,
011 ). Furthermore, several studies reported that increased built-up
tructure at the cost of natural environmental cover resulted in low sat-
sfaction of the residents and suggested deterioration of neighborhood
nvironmental quality ( Lanrewaju, 2012 ). 

Finally, reading the selected articles has identified four main areas
f investigation in the field of urban growth-induced eco-environmental
ransformation. These are (i) land use & land cover (LULC) change and
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Table 1 

Details of database search string or keywords. 

Database Field String of Search Initial artcles 
found 

Date 

Scopus “Environment management + Urban growth” or “Environment 

degradation + Urban growth” or “Natural cover loss + sustainable urban 

development” or “Environmental health + Urban” or “Environment 

efficiency + urban growth”

106 30.12.2020 to 

31.12.2020 

Web of Science “Environment deterioration + Urban expansion” or “Environment 

degradation + Urban expansion” or “Loss of natural cover in urban 

areas + sustainable development” or “Environmental health + Urban” or 

“Environment efficiency + urban growth”

79 01.01.2021 to 

02.01.2021 

Science Direct “Environment deterioration + Urban expansion” or “Environment 

degradation + Urban expansion” or “Loss of natural cover in urban 

areas + sustainable development” or “Environmental 

fragmentation + Urban expansion” or “Environment health + urban 

expansion”

94 03.01.2021 to 

04.01.2021 

Google Scholar 

and Google 

Search Engine 

“Environment deterioration + Urban expansion” or “Environment 

degradation + Urban expansion” or “Natural cover loss + sustainable urban 

development” or “Environmental fragmentation + Urban expansion” or 

“Environment health + urban expansion” or “Environmental 

efficiency + Urban development”

450 

(Originally > 

450) 

05.01.2021 to 

08.01.2021 

All Total 729 

Fig. 1. Methodological flow-chart showing the selection of articles in this study. 
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cenario design; (ii) Assessment of ecosystem service values (ESVs); (iii)
rban green space structure and its relation with urban heat island; (iv)
erception survey on neighborhood environmental quality. The follow-
ng sub-section highlighted the insight facts of these studies and tried to
how how these can be implemented in Indian cities. 

.1. LULC change and scenario design 

An intense review of the literature has disclosed that LULC change
s the common form of analysis of urban development-induced eco-
nvironmental transformation. LULC change can relate successfully the
xpansion of urban area with the loss of natural cover by depicting
3 
he contribution of each LULC type in urban expansion. For example,
revious studies on LULC change successfully demonstrated that the
owrah Municipal Corporation in West Bengal, India has expanded
y around 30 km 

2 in the past 40 years (1975–2015) at the cost of
egetation ( − 7.05 km 

2 ), waterbody ( − 5.99 km 

2 ), and agriculture land
 − 11.96 km 

2 ) ( Patra et al., 2018 ). A similar study also highlighted the
xpansion of Delhi metropolitan city in India by highlighting the net
oss of each specific LULC ( Jain et al., 2016 ). It helps to highlight the
pecific LULC that is most vulnerable to urbanization. Therefore, a spe-
ific land use management policy can be implemented to guide sus-
ainable urbanization. It is observed that studies have favoured anal-
sis of LULC of more than 20 years that starts from the 1990s and
nds in the recent past ( Vivekananda et al., 2020 ; Naikoo et al., 2020 ;
lawamy et al., 2020 ). To classify the satellite images, maximum like-

ihood classification is found as the easiest ( Erasu, 2017 ; Mondal et al.,
017 ; Rahman et al., 2011 ) and random forest as the effective one
 Hernandez and Shi, 2017 ; Eisavi et al., 2015 ; Das and Basu, 2020 ;
hang et al., 2020 ). Herein, the main focus lies on the rate of changes

n the area of different LULC between specific time intervals. A high
ate of negative changes in the areas of different natural cover signifies
nvironmental degradation. In the context of Indian cities, earlier, the
cope to have very high-resolution satellite images for the desired pe-
iod is limited due to inadequate funds. However, recently, changes in
he data policy were made, wherein the National Remote Sensing Cen-
re (NRSC) started to provide high-resolution data at a very low cost
o the academicians, researchers, and students. Furthermore, moder-
te resolution satellite product is made freely available in the public
omain of NRSC. Besides, the Landsat satellite products with moder-
te resolution can be downloaded from the official website of USGS
arth explorer ( https://earthexplorer.usgs.gov/ ) for any cities of India
or the past 20 or more. These are freely available and, recently, level-
 Landsat products are also made publicly available. In case of the
atellite image classifications, spectral signature collection and process-
ng through maximum likelihood classification or random forest can be
erformed following Basu et al. (2021) (Video tutorials of supervised
mage classification in ArcGIS: https://www.youtube.com/watch?v = -
_jEhMVF60 and Video tutorial on random forest classification in R:
ttps://www.youtube.com/watch?v = fal4Jj81uMA ). 

In recent studies, it is observed that the horizon of LULC analysis
xpanded further and researchers tried to foresee the future LULC pat-
ern of the desired area based on historical LULC transition and factors
nfluencing these transitions ( Rimal et al., 2018 ; Huang et al., 2008 ;
amal and Gedam, 2015 ). This has brought a revolution in the study

https://earthexplorer.usgs.gov/
https://www.youtube.com/watch?v=-a_jEhMVF60
https://www.youtube.com/watch=fal4Jj81uMA
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Table 2 

Summary of the 72 research articles selected for this study. 

Source Topic Spatial Scale Location Method 

Alawamy et al. (2020) Detection of LULC change County to urban cities Libya Image classification by maximum likelihood 

Batisani and Yarnal (2009) Landscape transformation due to urban 

expansion 

County United States 

of America 

CLUE-S model for future land use pattern 

Bose and Chowdhury (2020) Modeling urban expansion and LULC change Urban Centre India Markov Chain for future LULC pattern 

Braimoh and Onishi (2007) Determining the variables of LULC Change Metropolitan Region Nigeria Binary logistic regression to show the relation between LULC change and 

variables 

Chang et al. (2020) Urban land use mapping Urban Centre China Image Classification by Random Forest 

Chim et al. (2019) LULC change detection and prediction River basin Cambodia LULC prediction by MLPNN-Markov Chain 

Costanza et al. (2014) Ecosystem Service estimation Global Global Coefficients determination for ESVs estimation 

Dadashpoor et al. (2019) Prediction of future urban growth Metropolitan area Iran SLEUTH model for prediction 

Das and Basu (2020) Ecological degradation assessment through 

perceived value 

Urban and peri-urban region India Perceived degradation assessment by Importance-Performance Analysis 

Das and Das (2019) Impact of urbanization on ESVs Urban Centre India Temporal ESVs estimation 

Daw et al. (2016) Elasticity in ecosystem services Conceptual framework Ecosystem elasticity index to explore the relationship between ecosystem and 

human well-being 

Dewan and Yamaguchi (2009) LULC change analysis for sustainable 

urbanization 

Metropolitan Region Bangladesh Image Classification by Supervised algorithm 

Dubovyk et al. (2011) Assessment of informal settlement development 

as a decision-making tool 

District Turkey Spatial modeling of informal settlement development and future prediction by 

logistic regression 

Eisavi et al. (2015) LULC mapping Urban Centre Azerbaijan LULC change mapping by random forest 

Ghosh and Das (2019) Wetland Vulnerability due to urban expansion Metropolitan region India LULC mapping and vulnerability assessment by Fuzzy approach 

Hamad et al. (2018) LULC analysis and prediction Region Iraq LULC prediction by Cellular Automata (CA)-Markov Chain 

Helbich (2019) Green space measurement Rural and urban area Netherland Green space health study by Normalized Difference Vegetation Index (NDVI) 

Hernandez and Shi (2017) Detection of LULC change Urban area Mexico LULC classification by random forest 

Hu et al. (2008) Impact of LULC change on ESVs Township China Spatial and temporal ESVs estimation 

Hu and Lo (2007) Modeling urban growth Urban area United States 

of America 

Future urban growth probability mapping by logistic regression 

Hua and Chen (2019) Understanding peoples’ perception regarding 

the quality of Ecosytem services 

Urban region China Prioritizing Ecosystem services based on importance-performance analysis 

Huang et al. (2010) Spatial-temporal assessment of rural-urban land 

conversion 

Urban Centre United States 

of America 

Analysis of land use change and probable conversion by logistic regression 

Huang et al. (2008) LULC change to show urban expansion Metropolitan Region China Image classification by maximum likelihood 

Johmson et al. (2014) Environmental perception among residents Urban Centre Argentina Perception survey 

Klompmaker et al. (2018) Green space assessment Neighborhood Netherland NDVI 

Kyttä et al. (2011) Perception of environmental quality for 

decision-making 

Towns Finland Internet questionnaire and analysis by softGIS 

Lahoti et al. (2019) Green space mapping methodology and 

distribution assessment 

City India Digitization, extraction, and compilation from the high-resolution data source 

Lanrewaju (2012) Impact of urbanization on environmental 

degeneration 

National Nigeria assessing the relation between housing quality and environment condition by 

using secondary data 

Li et al. (2019) Impact of LULC change on ESVs Five Countries Central Asia Spatial-temporal changes in ESVs as estimated following Costanza et al. (1997) 

H. Liang, Chen, and Zhang et al. (2017) Assessment of urban green space distribution Megacity China Green space distribution characteristics by landscape metrics 

H. Liang et al. (2017) Assessment of green space quality Urban city China Green space quality measurement by unmanned aerial vehicle data 

Liu and Zhou (2005) Land use change and urban growth trajectory Megacity China Urban growth modeling using GIS technique 

M’Ikiugu et al. (2012) Urban green space analysis and its expansion 

potential 

City The Republic 

of Kenya 

Green space characteristics and possible expansion area identification by GIS 

and landscape metrics 

Maimaitiyiming et al. (2014) Effect of green space on land surface 

temperature (LST) 

City China Association between green space and LST through landscape metrics 

Masoudi et al. (2019) Cooling effect of green space on LST Four Asian cities Asia Association between green space and LST through correlation and regression 

( continued on next page ) 
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Table 2 ( continued ) 

Source Topic Spatial Scale Location Method 

Mitchell et al. (2015) Effect of landscape fragmentation on ecosystem 

services 

Opinion Framework to analyze the effect of landscape fragmentation on ecosystem 

services 

Mondal et al. (2017) Urban expansion and wetland shrinkage Metropolitan City India Urban growth modeling to simulate the future wetland transition by 

SimWeight model 

Naeem et al. (2018) Association between green space characteristics 

and LST 

Metropolitan city Pakistan and 

China 

Impact of green space on LST through landscape metrics, green space cool 

islands, and LST factors 

Naikoo et al. (2020) LULC change and built-up expansion Metropolitan city India Spatial-temporal analysis of LULC change 

Nasehi and Imanpour namin (2020) Green space fragmentation analysis City Iran Assessment of fragmentation in green space using landscape metrics 

Nguyen et al. (2019) Environmental effects of urban development City Vietnam Association between NDBI, NDVI, and LST 

Nurdin and Wijayanto (2020) Green space distribution City Indonesia NDVI measurement from Landsat OLI 

Perveen et al. (2017) Developing policy scenario for sustainable 

urban growth 

Region Australia Scenario-based urban growth based on Delphi approach 

Pramanik and Punia (2019) Assessment of green space effects on urban 

cooling 

Metropolitan city India Natural cover characteristics identification by landscape metrics and its 

association with LST 

Rahman et al. (2011) Urbanization and environmental quality City India Determining the relationship between urbanization and environmental 

degradation using remote sensing and GIS 

Rimal et al. (2018) LULC change and urban expansion City Nepal Modeling urban expansion by cellular automata and Markov Chain 

Samal and Gedam (2015) Land use change associated with urbanization Region India GIS-based LULC change detection 

Shi et al. (2020) Urban green space accessibility and distribution City China Questionnaire star survey platform to determine the accessibility and 

distribution 

Sinha et al. (2015) Improved LULC classification techniques Region India Combined used of thermal and spectral signature for better LULC classification 

and understanding the LULC dynamics 

Sivakumar (2014) Urban mapping and growth prediction City India Modeling urban expansion by Markov Chain algorithm 

Sudhira et al. (2004) Urban sprawl dynamics Region India Urban sprawl dynamics by landscape metrics 

Talukdar et al. (2020) Dynamics of ESVs in response to LULC change Region India Ecosystem elasticity analysis to explore the relationship between ecosystem 

services and LULC change 

Taylor and Hochuli (2017) Defining green space Global Global Recommended a definition that is both qualitative and quantitative 

Thapa and Murayama (2012) Spatial urban growth modeling City Nepal Modeling of urban growth using MLPNN-Markov Chain 

Uttara et al. (2012) Impact of urbanization on environmental 

degeneration 

Cities India Supporting data to show environmental degradation due to urbanization 

Tian et al. (2014) Assessing the quality of urban green space Region Hong Kong 

Islands 

Green space extraction from high-resolution image and quality measurement 

by landscape metrics 

Vargas-Hernández et al. (2018) Green space as a component of an ecosystem Global Global Community involvement in sustainable management of green space 

Vermeiren et al. (2012) Scenario-based urban growth modeling City Uganda GIS and Logistic regression for spatial modeling 

Vivekananda et al. (2020) LULC classification and change detection Region India Spatial-temporal analysis of LULC change to understand its dynamics 

Wang et al. (2018) Quantifying and characterizing the urban green 

space 

City China Patch level analysis to understand the green space changes over time 

Wan et al. (2015) Effect of urbanization on ecosystem services City China Entropy value method and estimation of ESVs 

Weng (2007) urbanization and changes in landscape pattern City United States 

of America 

Spatial-temporal analysis and application of landscape metrics 

Wu et al. (2009) Projection of land use change pattern City Canada Kernel logistic regression 

Wu (2013) Ecosystem services and human well-being Global Global Methods to establish the relation between ecosystem services and human 

well-being 

Wu and Zhang (2012) Land use dynamics and built-up area expansion City China Spatial-temporal built-up expansion and analysis of driving variables 

Wu and Kim (2021) Equality in assessing the green space Cities China A comparative study among 341 cities using Gini coefficient 

Wüstemann et al. (2017) Access to public green space Cities Germany Green space inequality measurement using Gini coefficient 

J. Xiao et al. (2006) Urban expansion and land use change City China Spatial-temporal analysis of LULC change and its driving factors 

Xu et al. (2018) Spatial variation of green space equity City Germany Spatial inequality assessment by Gini coefficient 

Kong et al. (2014) Impact of green space on LST Metropolitan area China Green space characteristics by landscape metrics and association with LST 

Zang et al. (2011) Impact of urbanization on ESVs Region China Spatial-temporal LULC change and ESVs estimation 

Ziaul and Pal (2017) Impact of urbanization on the peri-urban 

environment 

City India Possible environment degradation identification by devising insecurity index 

5
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Table 3 

Variables that are found by different researchers across the globe as urban growth influential. 

Category Variables Description Studies that incorporated 

Socio-Economic factors Population Density Numbers of people reside per sq. km or in specific grids. 

Population density and urban growth is positively related. 

Batisani and Yarnal, 2009 ; 

Wu and Zhang, (2012) ; 

Wu et al., (2009) ; 

Dubovyk et al., (2011) ; 

Xiao et al. (2006) ; 

Huang et al. (2010) 

Gross Domestic Product (GDP) GDP is incorporated as per unit area basis. Here, high GDP 

suggests good for urban expansion. 

Dewan and Yamaguchi (2009) ; 

Sudhira et al. (2004) ; Seto 

et al. (2011) ; 

Jiang et al. (2013) 

Worker Proportion of workers per unit area is adopted as proxy to 

the economic conditions, where income data is not available. 

Das and Basu (2020) ; 

Basu et al. (2021) 

Proximity factors Distance to City Centre Location of the city Centre is demarcated from the urban 

planning map of the respective city and, then, distance map 

is generated using GIS softwares like ArcGIS. Greater distance 

from city Centre discourages urban expansion on that 

direction. 

Vermeiren et al. (2012) ; 

Li et al. (2013) ; Braimoh and 

Onishi (2007) 

Distance to Major Roads and Railway 

station 

All the major roads and railway station within a city can be 

accquired from the city planning map or google earth. 

Proximity to the major roads and railway station increases 

the accessibility and serves as the urban expansion drivers. 

Liu and Zhou (2005) ; 

Müller et al. (2010) ; Hu and 

Lo (2007) 

Physical factors Slope and Elevation The slope and elevation of an area can be obtained from the 

digital elevation model (DEM) which is freely available at the 

USGS Earth Explorer. Slope and elevation are negatively 

associated with urban expansion. 

Bose and Chowdhury (2020) ; 

Thapa and Murayama (2012) ; 

Tian et al. (2012) 

Flood prone zone / Distance to 

drainage 

Most of the cities in the world are located beside any river. 

Delineation of the flood-prone region through temporal 

satellite image analysis is also found an important negatively 

associated indicator for urban expansion. 

Park and Lee, (2019) ; 

Handayani et al., (2020) ; 

( Liu et al., 2018 ) 

Neighborhood factors Neighbourhood urban area Proportion of urban area/underdeveloped area 

(agriculture/fallow land) in the neighborhood unit area 

(pixels) is estimated mainly using the ’Block Statistics’ tool in 

ArcGIS using (3 km/pixels × 3 km/pixels) surrounding units. 

A high proportion indicates favourable conditions for urban 

expansion. 

Das and Basu, (2020) ; Luo and 

Wei (2009) ; 

Müller et al. (2010) 

Neighborhood underdeveloped area 

Land use Planning map Future land use planning map The existing land use planning map serves as an important 

basis for guiding urban expansion in future. 

Thapa and Murayama ( 2012) ; 

Tian et al. (2005); 

Long et al. (2012) 
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f LULC analysis, which enables the researchers to estimate the effect
f urban development on the natural covers in the upcoming future.
rediction of future conditions requires two LULC of two different pe-
iods and a set of explanatory variables. Still, there is no common form
f explanatory variables that can be incorporated right away for the
nalysis. This study compiled all the possible explanatory variables that
re depicted as influencing factors of urban growth by different studies
 Table 3 ). It is important to mention that the set of variables respon-
ible for the urbanization of different cities varies from place to place.
herefore, it is not possible to present a general set of variables that
ill be suitable for all the cities. However, this study tried to show the

ndividual variables that are adopted commonly by several studies. 
Researchers found that the prediction of the accurate future condi-

ion is very difficult due to the uncertain response of certain factors and
ituations ( Perveen et al., 2017 ). Therefore, the prediction of LULC un-
er multiple scenarios was found much useful to understand the future
ondition ( Dadashpoor et al., 2019 ). The three common scenarios that
re used by the researchers are “Business as usual ” ( Das and Basu, 2020 ),
Environment scenario ” ( Perveen et al., 2017 ), and “Planning scenario ”
 Thapa and Murayama, 2012 ). The business as usual scenario deals with
he future prediction where the changes are expected to take place in
he same way following the current LULC transition. No special modi-
cation in the modeling is required in case of this scenario. The envi-
onment scenario deals with the prediction of future LULC protecting
he natural elements. In this case, minimum weights are allocated to
he pre-defined natural covers that make these less transition potential.
he planning scenario tries to predict the future LULC following the
xisting planning map of the region. All the land uses of the planning
 o  

6 
aps are incorporated in this scenario as explanatory variables that al-
ow the model to predict following this land uses. There are several com-
only used models for LULC prediction such as the Markov Chain model

 Sivakumar, 2014 ), Cellular Automata model ( Sinha et al., 2015 ); Cellu-
ar Automata-Markov chain model (CA-Markov) ( Hamad et al., 2018 ),
ulti-Layer Perceptron Neural Network- Markov chain model (MLPNN-
arkov) ( Chim et al., 2019 ). 

.2. Assessment of ecosystem service values (ESVs) 

The term ‘Ecosystem Service’ refers to all the material and non-
aterial benefits that can be acquired directly or indirectly from the

nvironment or ecosystem Hu et al., 2008 ). The quantification of these
ervices in monetary terms is known as ecosystem service values (ESVs)
 Li et al., 2019 ). In recent years, spatial-temporal estimation of ESVs
as gained wide applicability to assess the quality of the environment.
 study on HaDaQi industrial corridor in China showed that an uncon-

rolled increase in an urban area during the period (1990–2005) has
esulted in 29 percent loss of ESVs (2.26% annually) indicating severe
cosystem degradation ( Zang et al., 2011 ). Similar effects of urbaniza-
ion were observed in the tropical ecotone area of Brazil. Here, uncon-
rolled urbanization has removed 41% of arboreal vegetation from 1989
o 2014. It ultimately resulted in a loss of 89% ESVs during the same
eriod ( Ferreira et al., 2019 ). A decrease in ESVs over time signifies the
egradation of the natural environment and suggests the necessity of en-
ironmental management ( Talukdar et al., 2020 ; Das and Das, 2019 ). A
ystematic review of existing research articles showed that the best way
f ESVs estimation is the application of global coefficients as provided
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y Costanza et al. (1997) . Costanza et al. (2014) updated the global co-
fficient at a later period and the new coefficients served as the basis of
SVs estimation in recent studies. The simple way of ESVs estimation
an be documented following Eqs. (1) and ( (2) . 

𝑆𝑉 = 

∑
( 𝐴 𝑘 × 𝑉 𝐶 𝑘 ) (1)

𝑆 𝑉 𝑓 = 

∑
( 𝐴 𝑘 × 𝑉 𝐶 𝑓𝑘 ) (2)

here ‘ESV’ depicts the Ecosystem service value for a specific year;
 k = Area of LULC class ‘k’ in hectare; VC k = Coefficient ($/ha/year) as
rovided by Costanza et al. (1997) or Costanza et al. (2014) for LULC
lass ‘k’; ESV f = Ecosystem service value of LULC class ‘k’ for function ‘f’;
C fk = Coefficient ($/ha/year) as provided by Costanza et al. (1997) or
ostanza et al. (2014) for function ‘f’ of LULC class ‘k’. 

Apart from ESVs estimation, few studies have tried to estimate
cosystem service elasticity to establish the relationship between hu-
an well-being and ecosystem service. The main aim is to identify how

hanges in ecosystem services can lead to changes in human well-being.
he estimation of overall ecosystem service elasticity can be performed
ollowing Daw et al. (2016) . 

.3. Urban green space structure and its relation with urban heat island 

The word ‘green space’ refers to the natural vegetation, gardens,
arks, etc. within and around a city ( M’Ikiugu et al., 2012 ). More-
ver, it is mainly associated with the proportion of trees or vegetation
 Taylor and Hochuli, 2017 ). Vegetation is considered one of the most
mportant environmental elements. It provides different services to the
uman such as food, climate regulation, esthetic, recreation, minimiz-
ng the heat effect, etc. ( Das and Das, 2019 ). Several researchers have
ried to present the loss of natural vegetation cover by showing the con-
ersion of the eco-environmental landscape into the built-up structure.
n this regard, they performed an analysis of the characteristics and
tructure of the green spaces. The analysis of green space structure is
ivided into two steps. The first step is associated with the identifica-
ion of green space and the second step is associated with the study
f the characteristics of green space at patch level ( Wang et al., 2018 ;
. Liang et al., 2017 ). Normalized Difference Vegetation Index (NDVI) is

he common approach that is adopted by the researchers to identify the
reen spaces in the cities ( Helbich, 2019 ; Nurdin and Wijayanto, 2020 ;
ngemann et al., 2019 ). However, few researchers have tried more ad-
anced steps by highlighting the green spaces from different sources like
oogle earth, city land use map, etc., and, then, demarcating them in the

atellite images ( Lahoti et al., 2019 ; Shi et al., 2020 ). It delivered better
ccuracy in the delineation of green spaces ( Klompmaker et al., 2018 ).
n case of structure analysis, researchers have favoured landscape met-
ics to identify the fragmentation in the green spaces. In these regards,
he commonly used landscape metrics are NP (number of patches),
LAND (Percentage of landscape), LPI (Largest Patch Index), PD (Patch
ensity), COHESION (Patch cohesion index), AI (Aggregation index),
tc. ( Weng, 2007 ; H. Liang, Chen, and Zhang et al., 2017 ; Nasehi and
amin, 2020 ; Qian et al., 2019). Table 4 represents a summary of five
ommonly used indices. 

Besides this, few studies were also found that tried to show the spa-
ial inequality in green space distribution. The most popular approach in
his regard is the application of the Gini Coefficient ( Wüstemann et al.,
017 ; Xu et al., 2018 ; Wu and Kim, 2021 ). It is applied across the ward
evel/grid level to show the inequality in the availability of green space.
 high value of the Gini coefficient indicates greater spatial variation in

he distribution of green space. Besides, it also indicates unequal access
f citizens to the green space across the city ( Wüstemann et al., 2017 ),
hich in turn put a negative impact on the livable condition of the city
 Fu et al., 2019 ). In Indian context, there are also some open-source
ebsites ( https://github.com/datameet/Municipal _ Spatial _ Data ) from
here the ward level shapefiles can be downloaded directly. How-

ver, the number of available cities is limited on these websites. For
7 
he rest of the cities, the ward map can be obtained from the local
unicipal offices. Landscape metrics analysis can be performed us-

ng Fragstat software. For the application of the Gini Coefficient, spe-
ific R commands ( https://www.r-bloggers.com/2012/02/gini-index-
nd-lorenz-curve-with-r/ ) can be used to generate the coefficient values
nd Lorenz curve. 

It is a well-established fact that natural vegetation cover helps to mit-
gate the heat effect ( Vargas-Hernández et al., 2018 ). Focusing on this
rinciple, researchers have tried to establish the link between the green
pace and land surface temperature (LST) following a spatial-temporal
nvestigation ( Maimaitiyiming et al., 2014 ; Naeem et al., 2018 ; Yin
t al., 2019; Masoudi et al., 2019 ; Pramanik and Punia, 2019 ). Through
heir outcome, they showed the necessity of the management of green
paces for better urban livability. Within the cities, it is observed that
he areas with a greater proportion of green spaces contribute little to
he effect of heat island over time. Contrary to this, the bare areas with
n increase in the cover of concrete contribute maximum to generate the
eat island. Systematic review highlights that grid-wise (100 × 100 m; or
0 × 60 m; or 30 × 30 m) analysis delivers better results while showing
he relation between green space and LST as compared to the analysis
ollowing administrative boundaries. To establish the relationship be-
ween these two, researchers used correlation and regression. Here, the
ST of a grid is selected as a dependent variable and the proportion of
reen space of the same grid is selected as an independent variable. 

.4. Perception survey on neighborhood environmental quality 

In most countries, as well as India, the primary way of executing any
nvironment management plan follows the top-down approach. How-
ver, although a few at present, researches is emerging out showing the
enefits of a bottom-up approach. The main agenda of these studies was
o identify the environmental issues associated with eco-environmental
ransformations based on the perception survey of the residents ( Das and
asu, 2020 ; Hua and Chen, 2019 ; Kyttä et al., 2011 ; Ngesan et al., 2013 ;
ohnson et al., 2015 ). For example, Das and Basu (2020) formulated the
ndex of perceived degradation based on the perception of the residents.
ollowing this, they calculated more than 65% degradation of the peri-
rban wetland due to urbanization. This helps to identify the problems
n a much better way and ultimately helps to take up effective strategies
o mitigate those issues. It is important to mention that several studies
ook few environmental indicators to determine the quality of life in the
rban areas. The main objective of these studies was to determine the
uality of life or liveability in urban areas and is less associated with
nvironmental issues. Therefore, these studies are not included in this
ection. Out of total of 72 selected articles, only 5 are associated with
his section. All the articles followed a questionnaire survey approach
o record the perception of the residents. The number of questions and
ypes varied based on the objective and study unit of each article. The
nal output is presented as a perception index by processing all the
ecorded perception scores in a composite form. Besides this, few stud-
es also used importance-performance analysis (IPA) to show the perfor-
ance of different environmental units. In Indian context, this kind of

tudy can be performed following three steps. These are general identi-
cation of the problem, preparation of a list of questionnaire associated
ith it, and development of a composite index to show the outcome in
 composite form. 

. Challenges and suggestions for sustainable urban development 

n India 

India is a developing country. Therefore, economic growth automat-
cally comes at the topmost priority of the nation. The natural envi-
onment suffers most in the situations where development plans take
lace having zero coherence across institutions regarding the environ-
ent ( Bass et al., 2010 ). Besides, the main focus of specific ministry

lso remains on that specific factor ( Nunan et al., 2012 ). No strategies

https://github.com/datameet/Municipal_Spatial_Data
https://www.r-bloggers.com/2012/02/gini-index-and-lorenz-curve-with-r/
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Table 4 

Few commonly used landscape metrics. 

Metrics Definition Unit Range Description 

PLAND 𝑃𝐿𝐴𝑁𝐷 = 

𝑛 ∑
𝑦 =1 

𝑟 𝑥𝑦 

𝑇𝐴 
(100) 

Here, x = patch type; y = 1,..., n 

patches; TA = Total area 

Percentage 0 < upto ≤ 100 Depicts the area of landscape in percent. 

More value means more area covered by 

the landscape 

PD 𝑃𝐷 = 𝑛 𝑝 𝑖 
𝑇𝐴 

(10 , 000)(100) 
Here, np i = number of patches; TA = 
Total Area 

Patches (quantity) 

per 100 hectare 

The value of PD is 

> 0. 

Depicts patches per 100 hectares. High PD 

describes the existence of several patches 

in a relatively small area. 

LPI 𝐿𝑃𝐼 = 
𝑛𝑝 

max 
𝑦 =1 

( 𝑟 𝑥𝑦 ) 

𝑇𝐴 
(100) 

Here, np = number of patches; 

r xy = Area of patch xy 

Percentage 0 < upto ≤ 100 Highlights the patch having largest area in 

a landscape. 

COHESION 𝐶𝑂𝐻 𝐸𝑆𝐼 𝑂𝑁 = 1 − ( 

𝑛 ∑
𝑗=1 

𝑝 𝑖𝑗 

𝑛 ∑
𝑗=1 

𝑝 𝑖𝑗 
√
𝑎 𝑖𝑗 

) ∗ 

(1 − 1 √
𝑍 
) −1 ∗ 100 

Here, p ij = perimeter; a ij = Area; 

Z = number of cells 

Percentage 0 < upto < 100 Helps to describe the connectedness 

within the patches of the landscape. High 

connection among the patches is essential 

for sustainability and it is represented in 

the form of high cohesion value. 

AI AI = [ c ii 
max c ii 

](100) 
c ii = adjacencies (joins) among pixels 

in patch i admiring single-count 

method 

max- c ii = maximum adjacencies 

(joins) among pixels in a patch type i 

admiring single-count method. 

Percent 0 < upto ≤ 100 Describes the aggregation and 

compactness within the patches. 

Relatively high value of AI reflects the 

high aggregation and compactness within 

the patches. 
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nvolve developing environmental plans strengthening capacity and get-
ing investments for environmental management ( Assey, 2007 ). Lack of
olitical will to address the long-term benefits of environmental man-
gement also hinders progress in this regard. 

Urban planning generally passes through three different phases. It
tarts from strategic planning and then moves into the implementation
hase and finally ends into the evaluation stage. Strategic planning in-
olves synergies among the different strategic frameworks ( Ferry et al.,
018 ). Urban built-up expansion and loss of natural cover is a major en-
ironmental issue in India. Scenario-based urban growth modeling and
ULC change trajectory can provide a direction regarding the possible
mpact of urban expansion on the natural cover. In this case, the identi-
cation of a suitable set of explanatory variables is a prerequisite to get
he optimum result. Further, instead of using a single machine learning
odel, comparative analysis of 2 or 3 models is ideal to get better ac-

uracy. It will help to establish a trade-off between loss of natural cover
nd built-up expansion. Studies revealed that green space provides a
ooling effect in the cities and mitigates the heat island effect. There-
ore, identification of the characteristics of green space over time and
stablishing its relation with LST serves as an important development
ndicator. Compact green space cover with less heat island effect sug-
ests a more ecofriendly and livable city. In this case, the identification
f green space is the main challenging task. It is observed that digiti-
ation and then extraction of green space areas from high-resolution
mageries like Google Earth, Aerial photo, and city planning map can
eliver better accuracy. 

In a democratic country like India, all public investments should
nclose its raison d’être by highlighting immediate results. The total
enefits and usefulness of a specific public investment in urban de-
elopment can be judged concerning spatial-temporal ESVs estimation.
urther investigation can also determine the future loss of ESVs if the
ULC trajectory remains in the same direction ( Basu et al., 2021 ).
enerally, the ESVs are estimated based on the global coefficient of
ostanza et al. (1997) . However, several studies estimated the coeffi-
ient for their study area ( Xie et al., 2008 ). A similar approach can be
aken to obtain the coefficients in case of Indian cities to get the most
ccurate ESVs. It can help to understand the possible environmental
egradation due to urban planning and the gain or loss that is ultimately
chieved by the community. Integration of environment and develop-
ent is considered part of a long-term sustainable urban development.
8 
herefore, sustainable urban development requires the involvement of
ll stakeholders that are associated with the development process. In
his regard, evaluation can be performed whether the ongoing urban
evelopment is sustainable and ecofriendly or not. The perception of
he local people becomes the key element in this case. It can identify
he drawbacks in urban planning and helps to develop more liveable
ities. Perception analysis can reveal the environmental need by the
irect involvement of the stakeholders. In this way, it can facilitate a
ottom-up approach wherein environmental aspects can be considered
nto the development process following the demand of residents. How-
ver, a proper set of questionnaires that can address the issue properly is
equired for a successful perception study. Besides, preliminary analysis
eeds to be done like analysis of variation to depict whether the set of
esponses is sufficient enough to carry out the study. 

. Conclusion 

Urbanization is the main feature of this geological age where hu-
an dominates the whole landscape. Despite this, a sustainable balance

etween the natural and urban landscape is essential for the benefit of
ll. Since the very beginning, very little attention is paid to ecologically
fficient urban planning. As a result, it led to several environmental is-
ues in the urban areas that resulted in low urban livability. Therefore,
ecently, all the countries have started to devote more attention to envi-
onmental management in the cities. However, in developing countries
ike India, there is no study that can guide the researchers to follow
he current trend of analysis in addressing the eco-environmental trans-
ormation in urban areas. This study is conducted to examine the recent
rocesses of highlighting the eco-environmental transformation-induced
ssues to address sustainable urban development. Later on, a short dis-
ussion is also carried out to show the way of application of these meth-
ds in the Indian case. A systematic review of the existing literature has
een carried out and, after screening, a total of 72 articles are selected
or the assessment. Detailed and intense literature review disclosed four
ifferent ways of addressing eco-environmental transformation due to
apid urban development. In this regard, the use of satellite products
as gained wide application. It is also observed that the use of sophisti-
ated techniques like LULC prediction using scenario design, ecosystem
ervice values, and green space assessment has gained momentum dur-
ng the last decade. Few studies also emerged out in the recent past that
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howed the involvement of the residents in the effective management
f environmental issues. Finally, it can be said that the incorporation of
nvironmental issues in urban design and planning needs better knowl-
dge of the functions and services of environmental units. The outcome
f this study can deliver a clear direction to the researchers on the cur-
ent trend of researches in this field. 
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