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Evaluating Land Use Land Cover (LULC) and Urban Built-up Growth Using NDBI: A study of Itanagar Capital Region (ICR), Arunachal Pradesh	Comment by CN: The title is descriptive but does not sufficiently emphasize the analytical depth, spatio-temporal nature, or scientific contribution of the study. We suggest to revise the title to reflect time-series analysis and methodological contribution. 


Abstract
Itanagar Capital Region (ICR) is more commonly referred to as the capital of Arunachal Pradesh. Over the last few decades, ICR has undergone a wide range of changes in Land Use and Land Cover (LULC). In order to assess these changes, Landsat images from different years have been utilised with a time span of 10 years from 1986, 1996, 2006, 2016, and 2024. Using a supervised classification method to classify and map these LULC types, and using the kappa coefficient for overall accuracy, was also used to ascertain the accuracy of the classification. Normalized Difference Built-up Index (NDBI) has also been used to evaluate built-up and non-built-up areas. The process therefore reflects that there is a decrease in the area of dense forest, open forest, and agricultural land, while built-up area land increased between 1986-2024. From 1.74% (3.72 km2) to 30.2% (64.58 Km2) in 2024.  The change in LULC can be attributed to factors like urbanization, population growth, and socio-economic change. This paper is an attempt to understand these factors of change and assess the trends of urbanization and prospects of a road map for sustainable development plan of ICR.	Comment by CN: Clearly state the research objective in one sentence.
Explicitly mention the use of supervised classification (MLC) and NDBI.
Include major quantitative findings.
Conclude with scientific implications rather than general planning statements.
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1. Introduction
The 21st century has witnessed an unprecedented surge in urban populations, particularly within developing nations, presenting a significant global challenge (United Nations, 2015). Currently, approximately 3.9 billion people, or 54% of the world's population, reside in urban areas. This figure is projected to escalate further to 6.3 billion by 2050, with a striking 90% of this urban growth anticipated in developing countries, particularly in third-world nations (United Nations, 2015). This demographic shift underscores the critical need for strategic planning and resource allocation to address the multifaceted implications of rapid urbanization, particularly in the developing nations where it is expected to remain a significant global issue with profound consequences for human populations (Sui & Zeng, 2001). India serves as a perfect example of rapid urbanization and its accompanying challenges. Projections indicate that India's urban population will surge from 277 million in 2011 to over 600 million by 2031 (New Climate Economy Report, 2014), representing an increase of more than 300 million urban residents within two decades. India faces significant pressure from this demographic shift. Effectively managing unchecked urban growth necessitates a thorough understanding of its influence on climate, urban environments, and land use/land cover (LULC) dynamics (Fang et al., 2005; Long et al., 2007; Serra et al., 2008). 
The United Nations' Sustainable Development Goal (SDG) 11 emphasizes the importance of cities achieving environmental, social, and economic sustainability. In this context, comprehending the spatial configuration and internal variations of urban areas is essential for effectively monitoring the environmental and socio-economic impacts of urbanization. Prior research consistently highlights the importance of this understanding for evaluating urbanization's diverse effects (Salvati et al., 2016; Schneider & Woodcock, 2008; Siedentop & Fina, 2010).  However, the challenge lies in implementing it in a true sense and with the use of proper tools and techniques so as to assess and analyse the emerging trends and patterns and project future planning. It is also imperative to understand the various factors that have been primarily significant in causing such changes. Given the vast geographical area and an equally large spatially distributed population, it is important to generate information and factual data for through a comprehensive method.
In this context, Remote Sensing and Geographic Information Systems (GIS) techniques are fundamental to contemporary urban research. Remote Sensing provides essential geospatial data for urban analysis, while GIS facilitates the spatial analysis of this data (Song et al., 2017; Wu et al., 2016). The integration of these tools has demonstrated considerable efficacy in various applications, including the examination of urban form (Song et al., 2017), the tracking of urban changes (Wu et al., 2016), and the modeling of land use transitions (Liu et al., 2014). Additionally, these combined methodologies have been applied to a range of other urban investigations (Abrantes et al., 2019; Ju et al., 2016; Liu et al., 2010; Zhao et al., 2016). Monitoring and analyzing the spatial patterns of urban growth are the most crucial factors  for comprehending both historical and contemporary trends in urban development, and is needed for informing the decisions of urban planners and researchers, ultimately aiding in mitigating the social, economic, and environmental impacts associated with urban expansion prospects . 
For monitoring the growth and urban expansion, Land Cover and Land Use (LULC) change become crucial. LULC are terms often used interchangeably while describing land surface features (Vargo et al., 2013; Liping et al., 2018). Land Use depicts land utilisation by anthropogenic intervention and its associated habitat, particularly providing information on socio-economic activities (Vargo et al., 2013). Land Cover, on the other hand, describes the biophysical features on Earth’s surface, like vegetation, waterbodies, soil, and other features on land (Lambin et al., 2001; Rawart and Kumar, 2015; Genet, 2020). Changes in Land Use and Land Cover (LULC) are primary indicators of shifts in landscape patterns (Dadashpoor & Nateghi, 2017; Křováková et al., 2015; Marco et al., 2015). Consequently, comprehending the dynamics of LULC patterns is crucial for understanding landscape transformations and their responses, as LULC alterations directly influence landscape patterns (Nagendra et al., 2004). The global increase in extensive landscape changes and urbanization, particularly in developing nations, is mirrored in the Itanagar Capital Region (ICR) of Arunachal Pradesh over recent decades, resulting in significant alterations to its spatial landscape patterns. 
The change becomes more specific in the words of Mandal (Mandal et al., 2022) if this trend is taken into account and projection using the. Since achieving statehood in 1987, it has witnessed a rapid surge of urbanization. Over the past three decades, this process has become more intensified he swift transformation of its towns, which are showing a trend of expanding due to continuous population influx both due to natural growth and migration from within and outside. The 2011 census reported an urban population, of 22.94% in Arunachal Pradesh, reflecting increase from 6.56% in 1981 (Census, 2011). Projections using the least squares method is done then the estimate urban population will reach 44.68% by 2051. Thus to incorporate these expansion, planned urban spaces are essential for fostering inclusive growth and development.
In the present paper attempt has been made to understand Land Use and Land Cover (LULC) change, recognizing its dynamic nature, which is continuously influenced by population shifts and evolving land characteristics. Specifically, through analyses of the urban built-up area expansion trends and patterns, including growth and sprawl. To authenticate the study utilized the Maximum Likelihood Classification (MLC) algorithm on supervised classified images to analyse past and present LULC distributions. Given that LULC is not uniform over time and space, the study focused on the decadal changes within the Itanagar Capital Region (ICR). For examining LULC patterns over a span of five decades, that is from 1986, 1996, 2006, 2016, and 2024 with an aims to analyse the spatio-temporal dynamics of land use change and comprehensively examine landscape patterns, and explore the influence of urban development on these transformations. Thus the  goal of the present study  is to deepen understanding of urbanization's effects on landscape patterns, so that essential information for identifying potential ecological impacts can be understood that can provide a platform toeasrds the decision of achieving sustainable urban development. 
2. Materials and Methods	Comment by CN: The methodology requires clearer and more detailed explanation, including data sources, image preprocessing steps, land use/land cover classification criteria, training sample selection, and accuracy assessment procedures. The rationale for selecting specific methods, such as Maximum Likelihood Classification and NDBI, should be clearly justified. 
2.1 Study Area: Administratively, the ICR is the state capital and is situated in the Papumpare district of Arunachal Pradesh, serving as the state capital since its establishment as India's 24th state in 1987. ICR was conceptualized as an integrated urban development strategy, encompassing Itanagar and its surrounding areas to foster a well-planned and sustainable urban environment. Its planning boundaries were delineated based on future urban expansion needs, topography, and the specific requirements of the area.  Geographically, it spans from 2701′58′′ N to 2711′30′′ N latitude and 9329′01′′ E to 9349′52′′ E longitude (Fig. 1). As of 2024, the ICR includes Itanagar, Naharlagun, and Banderdewa, along with 103 contiguous villages. The study area covers over 213.8 km2, characterized by an irregular shape across valleys and hills, with dissected hills significantly contributing to its distinctive local topography. According to the 2011 Census, a combined population of ICR was 1,22,930, spanning across its Itanagar, Naharlagun, and Banderdewa sub-districts. Of this total population a significant portion, accounting to almost 83.6%, or 95,648 of the ICR's population resided in urban areas. Specifically, located in Itanagar which was 91.1% urbanized (59,490 people), while Naharlagun had the share of 73.6% urbanized (36,158 people). This data brings over dominantly region's substantial urban concentration and reflects broader trends in urbanizatio
2.2 Data Base: The study employed a multi-temporal analysis of land use/land cover (LULC) changes, drawing upon Landsat imagery obtained from the United States Geological Survey (USGS). The spatial data, including satellite images, was obtained from Landsat 5, 8, and 9. Satellite data were acquired for the years 1986, 1996, 2006, 2016, and 2024, encompassing nearly four decades (see Table 1 for details).
	Table 1. Data Acquisition for Land Use and Land Cover

	Year
	Satellite
	Data Source
	Data Acquired (Date)
	Spatial Resolution (in m)

	1986
	Landsat 5
	USGS
	4/11/1986
	30 m

	1996
	Landsat 5
	USGS
	2/12/1996
	30 m

	2006
	Landsat 5
	USGS
	7/12/2006
	30 m

	2016
	Landsat 8
	USGS
	31/10/2016
	30 m

	2024
	Landsat 9
	USGS
	16/02/2024
	30 m



Figure 1. Location of the study area, Itanagar Capital Region (ICR)
[image: F:\THESIS\THESIS CHAPTER 2\WhatsApp Image 2024-09-25 at 20.10.16_c3f7bce2.jpg] 
Data Source: Generated by researcher using ArcGIS 10.8
2.3 Image Classification: 
For the analysis, five scenes were acquired over 38 years (1986, 1996, 2006, 2016, and 2024), all possessing a spatial resolution of 30 meters. Before analysis of the imagery, a pre-processing was carried out, including georeferencing, mosaicking, and subsetting. Subsequently, land cover classification was performed using the Maximum Likelihood Classifier in ArcGIS 10.8, identifying six distinct land cover classes. This classification process was applied sequentially, beginning with the selection of training areas and concluding with the generation of a signature file from their vector or polygonal forms. Two primary methodologies are employed for the identification and extraction of urban areas from satellite imagery. The flow diagram explicitly illustrates how a theoretical base has been incorporated and empirically justified in the study area.
[image: C:\Users\hp\Desktop\Urbanization and LULC papers\Methodology Flow Chart.jpg]Fig. 2 Flow chart of theoretical base and methodology used for the study

2.4 Techniques of Analysis:
Following the classification of a Land Use Land Cover (LULC) map, built-up areas were isolated by identifying their specific class. A new raster layer, containing only pixels designated as built-up, is then generated using a raster calculator tool. For enhanced precision, this raster layer has been converted into vector polygons using tools such as the "Raster to Polygon" function within Arc-Toolbox (ESRI, n.d.). Thereby yielding a refined, vectorised representation of urban footprints, suitable for detailed spatial analysis. 
2.5 Normalized Difference Built-up Index (NDBI) for Area Identification: 
Another method used for further detailed classification is the Normalized Difference Built-up Index (NDBI). Since NDBI serves as a spectral index for directly identifying built-up regions within satellite imagery, this has been used to compute the value for a given year is using the reflectance values from the Near-Infrared (NIR) and Shortwave Infrared (SWIR) bands, as represented by the formula:
NDBI=(SWIR−NIR)/(SWIR+NIR) 
This is then further elaborated by characterising the built-up by higher reflectance in the SWIR band comparing it to the NIR band, resulting in positive NDBI values. Conversely, non-built-up features, such as vegetation and water bodies, generally exhibit negative or near-zero NDBI values. Thus as this index offers an efficient means of distinguishing urbanized areas based on their distinct spectral signature, it has been taken as one of the methods to understand and analyse the built-up area Index.
3. Results and Discussions	Comment by CN: The results section should move beyond descriptive reporting and provide a more critical interpretation of observed LULC changes. The discussion should compare findings with relevant studies and address potential driving factors and environmental implications of urban expansion. 
The accuracy assessment should be presented more clearly, with proper justification of sample size and explanation of classification reliability. Limitations and uncertainties associated with the classification results should be explicitly acknowledged and discussed. 
3.1 Land Use and Land Cover Change of ICR: The present study elaborately attempts to assess the LULC through the maps of 1986, 1996, 2006, 2016, and 2024 patterns in the study area reflects notable transformations. Among all the most prominent changes were those seen in forest areas and built-up land, reflecting growing human influence on the landscape. Dense forest cover decreased significantly over the 38 years, dropping from 162.05 km² (75.77%) in 1986 to 125.52 km² (58.70%) in 2024. This reduction of forest cover stems from deforestation driven by infrastructure development, agricultural expansion, and human settlement growth. What needs to be noticed and to is that such loss of forest can have serious environmental consequences, like reduced biodiversity and altered local climates (FAO, 2020). In contrast, to loss of the forest lands urban and built-up areas expanded rapidly, rising from just 3.72 km² (1.74%) in 1986 to 64.58 km² (30.20%) by 2024, thereby suggesting significant urban sprawl and population growth, with natural and agricultural lands being converted into residential or commercial zones (Seto et al., 2011). There has been a sharp decline in the shrubland and open forest from 29.49 km² (13.79%) to just 0.95 km² (0.44%) by 2024, thus reflecting both natural degradation, particularly induced through anthropogenic activities, resulting in the conversion of agricultural land to built-up lands. 
It is, however, interesting to note the pattern of agricultural land development, which reflected a more complex pattern, while it expanded between 1986 and 2006, peaking at 19.77 km² (9.24%), but by 2024 showed a decline of 7.96 km² (3.72%). This can be interpreted as a temporary phase of agricultural growth followed by land abandonment or conversion for other uses (Lambin et al., 2001). The extent of bare land decreased until 2006, but rose again afterward, reaching 9.05 km² (4.23%) in 2024. This may be linked to land clearing for construction or environmental degradation. Water bodies remained relatively stable, increasing slightly from 5.36 km² (2.51%) to 5.81 km² (2.72%). This change may be attributed to improved water conservation or shifts in rainfall and hydrology. Overall, the data points to a major shift from natural and semi-natural landscapes to urbanized areas. These trends emphasize the importance of sustainable land-use planning and ecosystem protection as urban development continues to grow computing confusion matrix using the accuracy assessment points, and deriving a statistical matrix providing kappa coefficient (agreement), overall accuracy, per-class user accuracy, and producer accuracy. The kappa value ranges between -1 and 1in which the value near 1 represents near-perfect agreement, 0 represents agreement due to change and -1 indicates no agreement (Mishra and Rai, 2016).
	Table 2. LULC of ICR for (1986, 1996, 2006, 2016, & 2004)

	LULC
Classes
	1986
	1996
	2006
	2016
	2024

	[bookmark: _Hlk177910234]
	Area (Km2)
	Area (%)
	Area (Km2)
	Area (%)
	Area (Km2)
	Area (%)
	Area (Km2)
	Area (%)
	Area (Km2)
	Area (%)

	Waterbodies
	5.36
	2.51
	5.50
	2.57
	5.17
	2.42
	5.51
	2.58
	5.81
	2.72

	Dense Forest
	162.05
	75.77
	160.37
	74.98
	141.90
	66.35
	149.24
	69.78
	125.52
	58.70

	Bare Land
	8.00
	3.74
	7.51
	3.51
	3.04
	1.42
	3.96
	1.85
	9.05
	4.23

	Shrub land/Open Forest
	29.49
	13.79
	16.62
	7.77
	23.60
	11.03
	6.25
	2.92
	0.95
	0.44

	Built-up
	3.72
	1.74
	7.34
	3.43
	20.40
	9.54
	32.72
	15.30
	64.58
	30.20

	Agriculture
	5.25
	2.45
	16.54
	7.73
	19.77
	9.24
	16.19
	7.57
	7.96
	3.72



Fig. 3 Graphical Representation of LULC of ICR for (1986, 1996, 2006, 2016, & 2004)

3.2 Accuracy Assessment:   
The validation of LULC in the present context has been done by using Accuracy assessment and the resultant outcome reflects the trend (Table No. 2). Accuracy Assesment using a confusion matrix is essential to determine the output’s reliability and validity. The validation of LULC for 1986, 1996, 2006, 2016, and 2024 was performed using the Confusion Matrix which provides insights into the classification accuracy across various land cover types, such as water bodies, Bare Land, Built-up areas, Dense Forests, Shrubland/Open Forest, and Agriculture. This matrix quantitatively assesses the maps' accuracy by comparing them with ground reality (Congalton and Green 2009).  
The equations used for generating each metric are given in equations (i), (ii), (iii), and (iv) (Indraja et, al., 2024) as follows:
  (i)
 (ii)
 (iii)
 (iv)
Here, UA is the user’s accuracy, PA is the Producer’s accuracy, OA is the overall accuracy, and Kc is the kappa coefficient.
An accuracy assessment was conducted using a confusion matrix based on 60 reference samples across six land use and land cover (LULC) classes. Using the classification achieved an overall accuracy of 78% and a Kappa coefficient of 0.74, indicating substantial agreement beyond chance. Producer’s accuracy was highest for dense forest and waterbodies (both 1.00), reflecting no omission errors. In contrast, bare land had the lowest producer’s accuracy (0.54), suggesting confusion with built-up and agricultural areas. Users’ accuracy ranged from 0.70 to 0.90, with the highest observed in the dense forest class (0.90), indicating reliable classification from the user's perspective. Overall, the classification performed well, though some classes, such as bare land, showed moderate misclassification, highlighting areas for further improvement.









	Table 3. Accuracy Assessment of  LULC for ICR

	LULC Class
	Dense Forest
	Waterbodies
	Bare Land
	Shrubland/Open Forest
	Agriculture
	Built-up
	Total
	User’s   Accuracy
	Kappa

	Dense Forest
	9
	0
	0
	1
	0
	0
	10
	0.90
	0

	Waterbodies
	0
	8
	2
	0
	0
	0
	10
	0.80
	0

	Bare Land
	0
	0
	7
	0
	1
	2
	10
	0.70
	0

	Shrubland/Open Forest
	0
	0
	1
	7
	2
	0
	10
	0.70
	0

	Agriculture
	0
	0
	2
	0
	8
	0
	10
	0.80
	0

	Built-up
	0
	0
	1
	0
	1
	8
	10
	0.80
	0

	Total
	9
	8
	13
	8
	12
	10
	60
	0
	0

	Producer’s Accuracy
	1
	1
	0.54
	0.88
	0.67
	0.80
	0
	0.78
	0

	Kappa
	0
	0
	0
	0
	0
	0
	0
	0
	0.74

	Overall Accuracy
	78%

	Kappa Coefficient
	74%



3.3 Normalized Difference Built-up Index (NDBI)
In academic discourse, image classification techniques, encompassing both supervised and unsupervised methods, are recognized as intricate and time-consuming processes. Their execution necessitates the integration of diverse spectral bands and a series of operational steps to yield a conclusive outcome. The precision of these techniques is notably contingent upon the proficiency of the image analyst and the specific methodological framework adopted. Conversely, the computation of spectral indices, such as the Normalized Difference Built-up Index (NDBI) or the Normalized Difference Vegetation Index (NDVI), is considerably more straightforward. For instance, the NDVI can be derived through a direct mathematical equation that correlates the near-infrared (NIR) and red spectral bands of satellite imagery (Kshetri, 2018). The NDBI, specifically employed for identifying built-up or urban areas, is calculated using the formula:

Here, SWIR denotes the Short Wave Infrared band, and NIR represents the Near Infrared band. The resulting NDBI values typically range from -1 to +1. Negative values are generally indicative of water bodies, while higher positive values are characteristic of built-up or urban regions. Conversely, vegetation tends to be associated with lower NDBI values.
The provided data illustrates a clear temporal trend in land cover change, specifically highlighting the expansion of built-up areas and a corresponding reduction in non-built-up areas from 1986 to 2024. In 1986, non-built-up areas constituted the vast majority at 97.75% (209.04 Sq. Km), while built-up areas were minimal at 2.25% (4.82 Sq. Km). By 2024, the proportion of built-up areas had significantly increased to 22.96% (49.10 Sq. Km), alongside a substantial decrease in non-built-up areas to 77.04% (164.78 Sq. Km). This consistent shift over four decades underscores a progressive urbanization or development trend within the studied region.


Fig 4 :  Land use and land cover analysis report 
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	Table 4. NDBI of ICR for 1986, 1996, 2006, 2016 and 2024

	NDBI 1986

	NDBI Class
	Area (Sq. Km)
	Area (%)

	Non Built-up Area (-0.53- 0)
	209.04
	97.75

	Built-up Area (0- 0.19 )
	4.82
	2.25

	NDBI 1996

	NDBI Class
	Area (Sq. Km)
	Area (%)

	Non Built-up Area (-0,37-0)
	206.66
	96.63

	Built-up Area (0- 0.19)
	7.21
	3.37

	NDBI 2006

	NDBI Class
	Area (Sq. Km)
	Area (%)

	Non Built-up Area (-0.31- 0)
	200.98
	93.97

	Built-up Area (0- 0.15)
	12.89
	6.03

	NDBI 2016

	NDBI Class		
				
	Area (Sq. Km)
	Area (%)

	Non Built-up Area (-0.31- 0)
	192.88
	90.38


	Built-up Area (0- 0.20)
	20.12
	9.61

	NDBI 2024

	NDBI Class		
				
	Area (Sq. Km)
	Area (%)

	Non Built-up Area (-0.25- 0)
	164.78
	77.04


	Built-up Area (0- 0.24)
	49.10
	22.96
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Fig 5 : Normalized difference built-up index
4. Conclusion
Among the many outcomes of the process of urbanization in the developing nations is characterized by sudden spin of the urbanization process resulting to physical and demographic expansion of cities, which has consequently resulted in substantial alteration of LULC. Understanding the urban growth and changes brought on by urbanization is a critical aspect for research endeavour in urban dynamics and management of land resources that is ever changing (Yang and Lo, 2002).  The present study has attempted to identify this land use change and landscape patterns from 1986 to 2024 in the ICR region of Arunachal Pradesh over the last 3 decades. The result of the study reveals that there has been a significant change in LULC during the 38 years in the area. The obtained results therefore show that there was a decrease in the area of dense forest, open forest, and agricultural land, while built-up area land increased between 1986-2024. While in 1986, the built-up area was 1.74% (3.72 km2) it showed a massive rise of 30.2% (64.58 Km2) in 2024. The rise in the built-up rate can be attributed to factors like population increase, socio-economic growth, poor planning, and poor plan implementation. One of the major cause being population increase in the area as ICR being the administrative capital, along with the rural depopulation phenomena from other parts of the state, thus to accommodate this rising population, more and more built-up areas are being created by deforestation and encroachment of agricultural land, creating settlement areas. The result of encroachment and weak enforcement of laws and policies to protect and conserve the catchment areas are further hurdles to seen with. 
The knowledge of LULC is essential for both land administration and land use planning activities in ICR. Itanagar Municipal Corporation (IMC) and the district administration of Itanagar Capital Region should consider setting aside land for nature conservation and recreational activities to mitigate the effects of environmental loss and degradation. What further can be done is vertical development for both residential and commercial buildings, with the implementation of urban planning. Thus, a combined effort of the land development plan action could be the way forward to a more sustainable city in ICR. 
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        Original Research Article   Evaluating   Land Use Land Cover (LULC) and Urban Built - up Growt h Using NDBI: A  study of Itanagar Capital Region  (ICR),  Arunachal Pradesh       Abstrac t   Itanagar Capital Region (ICR)   is more commonly referred to as the  capital  of Arunachal   Pradesh.   Over the last few decades,   ICR has undergone a wide range of changes in Land Use  and Land Cover (LULC) .   In order to assess these changes,   Landsat images from different years  have been utilised with a time span of 10 years   from 1986 , 1996, 2006, 2016, and 2024. Using  a  supervised classification method to classify and map  these LULC types, and using the kappa  coefficient for   overall accuracy ,   was   also used to ascertain the accuracy of the clas sification.  Normalized Difference Built - up Index (NDBI) has also been  used   to evaluate built - up and non - built - up  areas .  The process therefore reflects   that  there is  a decrease in the area of dense forest,  open forest, and agricultural land, while built - up area land increased between 1986 - 2024.  From  1.74% (3.72 km 2 ) to  30.2% (64.58 Km 2 ) in 2024.  The   change in   LULC  can be   attributed to   factors like   urbanization, population growth ,   and  socio - economic   change .  This paper is an  attempt to understand these factors of change and assess the trends of   urbanization and  prospects of a road   map for sustainable development plan of ICR.   Key Words:  Arunachal Pradesh , Itanagar Capital Region (ICR), Land Use and Land Cover  (LULC), Normalized Difference Built - up Index (NDBI), Urbanization,   1.  Introduction   The 21st century has witnessed an  unprecedented surge in urban populations, particularly  within developing nations ,   presenting a significant global challenge (United Nations, 2015).   Currently,  approximately 3.9 billion people , or 54% of the world's pop ulation, reside in urban  areas . This figure is projected to escalate   further   to 6.3 billion by 2050, with a striking  90% of  this urban growth anticipated in developing countries ,   particularly in third - world nations  (United Nations, 2015). This demographic shift underscores the critical need fo r strategic  planning and resource allocation to address the multifaceted implicat ions of rapid urbanization ,  particularly in  the developing nations where it   is expected to remain a significant global issue  with profound  consequences   for human populations (Sui & Zeng, 2001).  India serves as a  perfect example of rapid urbanization and its accompanying challenges. Projections indicate  that India's urban population will surge from 277 million in 2011 to over 600 million by 2031  (N ew  C limate  E conomy  R eport , 2014), representing an increase of more than 300 million  urban residents within two decades. India faces significant pressure from this demographic  shift .   Effectively managing unchecked urban growth necessitates a thorough understanding of 

