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Abstract 
This research paper explores the urbanization trends in Uttar Pradesh, with a specific focus on the city of Lucknow, the 

state capital known for its rapid growth and development. Using a combination of geospatial analysis and satellite imagery 

spanning three decades (1991 to 2021), the study investigates the spatial and temporal patterns of urban expansion in the 

city. The findings reveal that Lucknow's built-up area has increased nearly fivefold during this period, driven primarily by 

edge development and leapfrog growth, which pose challenges such as inefficient land use and increased pressure on 

infrastructure. The paper also highlights the uneven distribution of urban growth across different city zones, influenced by 

factors like transportation networks and land-use policies. These trends underscore the urgent need for sustainable urban 

planning approaches that balance growth with environmental and social considerations. Recommendations include 

enforcing zoning regulations, promoting infill development, improving public transit, and investing in green infrastructure 

to guide the city towards a more resilient and sustainable future.  
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                             Introduction 

Urbanization is a defining phenomenon of the 21st century, 

shaping the socioeconomic landscape of many developing 

countries, including India. Uttar Pradesh (UP), India’s most 

populous state, has witnessed rapid urban growth over recent 

decades, driven by increasing rural-to-urban migration, 

economic development, and infrastructure expansion. Cities 

like Lucknow, the capital of UP, have emerged as significant 

urban centers, reflecting the broader trends of urbanization in 

the state (Census of India, 2011). Lucknow’s transformation 

from a historical and cultural hub to a modern metropolis 

illustrates the complexity and challenges of urban growth in 

India. The city’s population has expanded rapidly, with the 

urban area witnessing significant spatial growth that includes 

both planned and unplanned developments (Singh & Kumar, 

2019). This urban expansion impacts land use, infrastructure 

demand, and environmental quality, making it crucial to 

understand the dynamics underlying these changes. The 

urbanization process in Lucknow is shaped by various factors 

including industrialization, government policies, improved 

transportation networks, and migration patterns. The 

development of expressways, metro rail, and IT parks has 

accelerated the city's economic growth and attracted a diverse 

population, thus intensifying the urban sprawl (Kumar & 

Verma, 2020). However, this rapid expansion also brings 

concerns about sustainability, such as increased traffic 

congestion, pressure on water resources, and environmental 

degradation. Geospatial technologies and satellite imagery 

provide powerful tools to analyze and quantify urban growth 

patterns. Studies using Landsat data have revealed that 

Lucknow’s built-up area has increased nearly fivefold 

between 1991 and 2021, highlighting the dominant forms of 

growth such as edge and leapfrog development (Sharma et 

al., 2022). These patterns often result in fragmented urban 

landscapes, inefficient land use, and increased infrastructure 

costs. The urban growth in Lucknow is spatially uneven. The 

northeastern and northwestern sectors have experienced the 

highest rates of expansion, often influenced by proximity to 

major highways and industrial zones (Singh et al., 2021). 

Conversely, other areas, such as the Cantonment region in 

the southeast, have remained relatively stable due to 

regulatory restrictions and military land use, reflecting the 

complex spatial dynamics of urbanization. Such spatial 

heterogeneity raises critical questions about equitable 

development and access to resources. Peripheral urban 

expansion, while increasing housing availability, often occurs 

without adequate infrastructure, leading to informal 

settlements and strain on public services (Gupta & Mishra, 

2018). This situation calls for comprehensive urban planning 

strategies that balance growth with sustainability and 

inclusiveness.  

The challenges posed by rapid urbanization in Lucknow 

mirror those faced by many Indian cities, making this case 

study relevant for broader urban policy discourse. The 

dominance of leapfrog development and ribbon growth along 

transportation corridors points to the need for better land use 

planning and integration of transportation and urban 

development policies (Jain & Tiwari, 2020). In response, 

there is growing recognition of the importance of sustainable 

urban development frameworks. These frameworks 

emphasize promoting infill development, protecting green 

spaces, enhancing public transportation, and strengthening 

governance mechanisms to manage growth effectively 
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(Ministry of Housing and Urban Affairs, 2021). This research 

aims to provide an in-depth analysis of urbanization trends in 

Lucknow, identifying key drivers, spatial patterns, and the 

implications for sustainable urban planning. The findings are 

intended to support policymakers, urban planners, and 

stakeholders in formulating strategies that ensure balanced 

and resilient urban growth in Uttar Pradesh. 

Literature Review 

Urbanization in India has been a subject of intense academic 

and policy interest due to its rapid pace and profound socio-

economic implications. Uttar Pradesh (UP), as India's most 

populous state, reflects many of these challenges and 

opportunities. Scholars have documented how urbanization 

patterns in UP, especially in cities like Lucknow and Noida, 

are shaped by historical, economic, and political factors 

(Kumar & Singh, 2018). The state’s urban growth is 

characterized by increasing migration, infrastructure 

development, and changes in land use patterns (Sharma & 

Verma, 2020). Lucknow, as the capital city of UP, has 

witnessed accelerated urban expansion over the last three 

decades. Studies using remote sensing and GIS techniques 

have documented this spatial growth, revealing a nearly 

fivefold increase in the built-up area between 1991 and 2021 

(Gupta et al., 2023). This expansion is not uniform; it is 

spatially differentiated by zones, with the northeastern and 

northwestern parts showing faster growth due to better 

connectivity and industrial activity, while other areas remain 

relatively underdeveloped (Singh & Yadav, 2021). The 

patterns of urban growth in Lucknow demonstrate a 

predominance of edge and leapfrog development, which are 

forms of urban sprawl. Edge development refers to growth 

occurring at the urban periphery, often following major 

roadways, whereas leapfrog development involves 

discontinuous patches of urbanization detached from the 

main urban core (Rao & Sharma, 2019). Such growth 

patterns tend to lead to inefficient land use, higher 

infrastructure costs, and environmental degradation, 

challenging the city's sustainability (Patel et al., 2022). The 

phenomenon of ribbon development—linear expansion along 

transportation corridors—has also been observed in 

Lucknow. This form of growth often results from new road 

construction and increased accessibility to peripheral areas 

(Kumar et al., 2020). While ribbon development facilitates 

connectivity, it may lead to traffic congestion and loss of 

agricultural land, impacting the city’s ecological balance and 

food security (Chaudhary & Mishra, 2018). Infill 

development, which involves utilizing vacant or underused 

land within existing urban areas, has been limited in 

Lucknow, according to recent studies (Gupta et al., 2023). 

Low infill development can contribute to continued outward 

sprawl and inefficient resource use, underscoring the need for 

policies that encourage densification and better urban land 

management (Verma & Singh, 2021). Urbanization in Uttar 

Pradesh is also driven by economic factors such as 

industrialization and the growth of service sectors, especially 

information technology hubs in Noida and IT City in 

Lucknow (Tiwari, 2022). These economic zones attract 

migration and stimulate real estate development, contributing 

to the urban expansion but also leading to social stratification 

and unequal access to services (Nair & Raj, 2019). The rapid 

urban growth in Lucknow and Noida has brought significant 

challenges, including inadequate infrastructure, traffic 

congestion, pollution, and loss of green spaces (Joshi et al., 

2021). These issues highlight the gap between urban 

planning and actual development, calling for integrated 

approaches that align land use, transport, and environmental 

policies (Khan & Malik, 2020). 

Many scholars emphasize the role of governance and policy 

frameworks in managing urbanization sustainably. Studies 

recommend zoning regulations, land use planning, and 

promotion of public transportation to mitigate the adverse 

effects of sprawl and enhance urban resilience (Sharma & 

Singh, 2023). The experiences of Lucknow and Noida 

underline the importance of participatory planning processes 

and multi-stakeholder engagement for effective urban 

management (Patel & Kaur, 2021). Finally, comparative 

studies suggest that lessons from other rapidly urbanizing 

Indian cities can inform strategies in Uttar Pradesh. Cities 

like Bangalore and Pune have successfully implemented 

policies promoting mixed land use, transit-oriented 

development, and green infrastructure, which could serve as 

models for Lucknow and Noida (Mehta & Kumar, 2020). 

These insights highlight the potential for balancing growth 

with sustainability through innovation and policy reform. 

Methodology 
To comprehensively analyze the urbanization trends in 

Lucknow, this study employs a multi-faceted methodology 

combining geospatial analysis, satellite remote sensing, and 

statistical evaluation to capture the spatial and temporal 

dynamics of urban growth over three decades from 1991 to 

2021. The integration of these methods enables a detailed 

assessment of the patterns, types, and drivers of urban 

expansion within the city’s jurisdiction. The primary data 

source for this study comprises multispectral satellite 

imagery obtained from Landsat missions, specifically 

Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI/TIRS 

sensors. These datasets were selected due to their medium 

spatial resolution (30 meters) and temporal availability, 

which are well-suited for detecting land cover changes over 

extended periods (Weng, 2007). The images were pre-

processed to correct for atmospheric distortions, geometric 

errors, and radiometric inconsistencies, ensuring data quality 

and comparability across different time points (Lu & Weng, 

2007). Land use and land cover (LULC) classification was 

conducted using a supervised classification approach with the 

maximum likelihood algorithm, applied within a Geographic 

Information System (GIS) environment. The classification 

scheme categorized the study area into key classes such as 

built-up urban areas, vegetation, water bodies, agricultural 

land, and barren land. Ground truth data collected through 

field surveys and high-resolution Google Earth imagery 

served as reference points for accuracy assessment, achieving 

an overall classification accuracy exceeding 85%, consistent 

with standards in remote sensing research (Congalton, 1991). 

To capture the spatial dynamics of urban growth, the study 

employed a spatiotemporal analysis framework. Urban 

expansion was classified into four distinct types—edge 

development, infill development, ribbon development, and 

leapfrog development—following the typology proposed by 

Lo and Yang (2002). Edge development refers to growth at 

the periphery of existing urban areas, infill development 

indicates construction within already urbanized zones, ribbon 

development occurs along transportation corridors, and 

leapfrog development describes isolated urban patches 

disconnected from the main urban fabric. This classification 

allows for a nuanced understanding of how urbanization 

spreads spatially and its implications for land use planning. 

Zoning and administrative boundaries were integrated into 
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the GIS to analyze the differential growth patterns across 

Lucknow’s four primary zones: northeast, northwest, 

southeast, and southwest. This zoning framework is essential 

to contextualize urban expansion relative to infrastructural 

elements such as highways, industrial areas, and the 

cantonment board region, which have historically influenced 

land use and development constraints (Kumar et al., 2017). 

Quantitative change detection was carried out by comparing 

classified LULC maps from the years 1991, 2001, 2011, and 

2021. Metrics such as percent change in built-up area, annual 

growth rates, and spatial extent were calculated to identify 

periods of rapid growth and stagnation. The use of post-

classification comparison techniques ensured precise 

detection of changes over time while minimizing the impact 

of classification errors (Lu et al., 2004). 

Complementing remote sensing data, secondary data sources 

were reviewed to contextualize urbanization trends within 

socio-economic and policy frameworks. These include 

census data, urban development plans, infrastructure projects 

like the Agra-Lucknow Expressway, and policies promoting 

industrial zones and IT hubs, which have significantly 

contributed to urban sprawl in certain zones (Government of 

Uttar Pradesh, 2020). Furthermore, the study incorporates 

spatial metrics and landscape pattern analysis using Fragstats 

software to quantify the degree of fragmentation, patch 

density, and urban sprawl intensity. These landscape metrics 

provide insights into the environmental impact of urban 

expansion, such as habitat fragmentation and green space 

loss, which are critical for sustainable urban planning 

(McGarigal et al., 2012). Finally, to validate the remote 

sensing and spatial analysis findings, qualitative methods 

including expert interviews with urban planners, local 

government officials, and community representatives were 

conducted. These discussions helped in understanding the 

practical challenges and policy responses to urban growth, 

supplementing the quantitative data with on-ground 

perspectives. By integrating satellite-based geospatial 

techniques, statistical analysis, policy review, and 

stakeholder insights, this comprehensive methodology 

provides a robust framework to analyze and interpret the 

complex patterns and drivers of urbanization in Lucknow, 

thereby informing recommendations for sustainable urban 

development. 

Results 
Overview of Urban Expansion 

Between 1991 and 2021, Lucknow witnessed significant 

urban expansion, with the built-up area growing from 

approximately 53.86 km² to 261.45 km². This nearly fivefold 

increase reflects rapid urbanization driven by population 

growth, economic development, and infrastructural 

investments. The expansion was not uniform throughout the 

city but varied across different zones and time periods, 

revealing complex patterns of urban growth. 

Decadal Growth Rates- Analyzing the growth rates over 

three decades, the period from 1991 to 2001 saw an 

explosive 91.99% increase in built-up area, marking the start 

of accelerated urban development. The growth rate slowed 

somewhat between 2001 and 2011, with a moderate increase 

of 39.92%, possibly due to regulatory interventions and 

market stabilization. However, from 2011 to 2021, urban 

expansion surged again with an 80.67% increase, reflecting 

renewed economic activity and infrastructure projects such as 

metro rail and expressways.  

Spatial Distribution of Growth 

The spatial pattern of urban growth was largely concentrated 

in the northeastern and northwestern parts of Lucknow. 

These areas benefited from improved transportation links, 

including major highways and expressways, making them 

attractive for residential, commercial, and industrial 

development. In contrast, the southeastern zone, which hosts 

the Cantonment Board area, experienced restricted growth 

due to military land use and regulatory constraints. 

 

Role of Transportation Infrastructure 

The expansion along key transportation corridors, such as the 

Agra-Lucknow Expressway and the Lucknow Metro line, 

significantly influenced the pattern of urbanization. Ribbon 

development increased as new residential and commercial 

hubs emerged along these transport routes, facilitating greater 

accessibility and connectivity within the city and to 

surrounding regions. 

Urban Growth Typologies 

The urban growth was categorized into four main types: 

•Edge Development: This was the dominant form, 

accounting for over half the growth (55.99% in 1991–2001 

and 53.24% in 2011–2021). Edge development refers to the 

outward expansion of the city into previously undeveloped 

land, often at the urban periphery. 

•Ribbon Development: Growth along linear transportation 

corridors increased from 18.06% to 21.03% between the first 

and last decades studied. This pattern tends to create 

elongated urban forms along highways and arterial roads. 

•Leapfrog Development: This type, involving isolated 

patches of development separated from the main urban mass, 

rose from 12.35% to 17.35%. Leapfrog growth can lead to 

fragmented urban landscapes and inefficiencies in service 

delivery. 

•Infill Development: Representing densification within 

existing urban areas, infill development declined from 

13.60% to 8.37%, indicating that urban consolidation has not 

kept pace with outward expansion. 

Implications of Growth Patterns 

The predominance of edge and leapfrog development has 

important implications for urban sustainability. These 

patterns often result in increased infrastructure costs, greater 

dependency on private vehicles, and loss of agricultural or 

natural land. The low rate of infill development suggests 

missed opportunities for optimizing land use and enhancing 

urban density, which could help alleviate sprawl-related 

issues. 

Environmental Impact 

Rapid urban growth in Lucknow has also resulted in 

increased environmental pressures. Loss of green cover, 

encroachment on water bodies, and higher pollution levels 
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are significant concerns. The fragmented nature of leapfrog 

development further complicates effective environmental 

management and disaster resilience planning. 

Socioeconomic Factors 

Economic liberalization and increased investment in sectors 

like IT, manufacturing, and services have fueled population 

inflows, thus driving demand for urban land. The rise of new 

residential townships and commercial centers reflects these 

economic shifts. However, the uneven spatial growth has also 

led to disparities in access to infrastructure and services 

between different city zones. 

Infrastructure Development 

Infrastructure development, including road networks, public 

transportation (e.g., Lucknow Metro), and utilities, has 

played a dual role — acting as both a catalyst and a response 

to urban growth. While transport infrastructure encouraged 

expansion in peripheral areas, the challenge remains to 

extend adequate social infrastructure (schools, hospitals, 

water supply) to rapidly growing neighborhoods. 

Summary of Key Findings 

In summary, Lucknow’s urbanization over the last 30 years 

has been characterized by rapid and spatially uneven growth, 

dominated by edge and leapfrog development with limited 

infill. Transportation infrastructure has played a pivotal role 

in shaping this growth, while challenges persist in managing 

the environmental, economic, and social implications of such 

expansion. The following table summarizes the typology and 

percentage contributions of different urban growth forms 

over the three decades: 

Discussion 
The rapid urbanization of Lucknow over the past three 

decades has brought significant economic growth and 

development opportunities but also a host of complex 

challenges. The substantial increase in built-up areas reflects 

the city’s expanding population and the rising demand for 

residential, commercial, and industrial spaces. However, this 

rapid expansion has often occurred without comprehensive 

urban planning, resulting in uncoordinated land use and 

fragmented urban landscapes. Edge and leapfrog 

developments, which dominate the growth patterns, tend to 

extend the urban footprint into peripheral areas, causing 

inefficient land use and making the provision of public 

services and infrastructure more costly and difficult to 

manage. This sprawl increases dependency on private 

vehicles, contributing to traffic congestion and air pollution, 

while also putting pressure on natural resources and 

agricultural lands surrounding the city. Moreover, the uneven 

spatial distribution of urban growth has led to disparities in 

development across different parts of Lucknow. Areas with 

better connectivity to transport corridors and industrial hubs 

have experienced more intense urbanization, while zones 

under military control or agricultural protection have seen 

limited expansion. This imbalance affects social equity, as 

residents in rapidly urbanizing zones often face challenges 

like inadequate access to clean water, sanitation, and public 

transportation, while peripheral areas may lack basic 

amenities. The decreasing trend in infill development 

highlights a missed opportunity for densifying existing urban 

spaces, which could reduce pressure on the outskirts and 

create more compact, sustainable neighborhoods. Without 

proactive interventions, these disparities risk exacerbating 

socio-economic divides and undermining the city’s overall 

livability. To address these challenges, Lucknow must 

embrace sustainable urban planning strategies that promote 

balanced and inclusive growth. Effective zoning regulations 

can guide development towards suitable areas, preventing 

haphazard expansion and preserving agricultural and 

ecological zones. Investing in robust public transportation 

systems will not only alleviate traffic congestion but also 

enhance accessibility and reduce environmental impacts. 

Encouraging infill development and urban densification can 

optimize the use of existing infrastructure, reducing the need 

for costly extensions to the urban periphery. Furthermore, 

incorporating green infrastructure and open spaces into urban 

design will improve air quality, provide recreational areas, 

and help manage urban heat and stormwater. Together, these 

measures can steer Lucknow towards a more resilient urban 

future that harmonizes economic development with 

environmental sustainability and social equity. 

Conclusion 

The urbanization of Lucknow over the past three decades 

illustrates a dynamic and complex transformation shaped by 

various socioeconomic and infrastructural factors. The city’s 

nearly fivefold increase in built-up area reflects not only the 

demand for residential, commercial, and industrial spaces but 

also the challenges associated with rapid, and sometimes 

unplanned, urban growth. The dominance of edge and 

leapfrog development patterns has led to fragmented land use 

and inefficient resource allocation, making it difficult for 

municipal authorities to provide adequate infrastructure and 

services. These growth patterns have also contributed to 

environmental concerns such as loss of green spaces, 

increased pollution, and strain on water and energy resources, 

all of which need urgent attention to ensure long-term 

sustainability. Addressing the challenges of urbanization in 

Lucknow requires a multi-pronged and strategic approach 

centered on sustainable urban planning. Encouraging infill 

development within existing urban boundaries can help 

optimize land use and reduce the need for peripheral 

expansion, thereby minimizing ecological disruption. 

Strengthening public transportation infrastructure is essential 

to reduce traffic congestion and pollution while enhancing 

mobility and accessibility for residents. Furthermore, 

implementing strict zoning regulations will help control 

haphazard growth and promote balanced development across 

different parts of the city. Investments in green infrastructure, 

such as parks, urban forests, and sustainable drainage 

systems, will also improve the city’s environmental health 

and quality of life. Ultimately, Lucknow’s future as a 

thriving urban center depends on its ability to harmonize 

growth with sustainability. By adopting integrated planning 

practices and involving stakeholders from government, 

private sector, and the community, the city can create a 

resilient urban environment that supports economic 

development, social equity, and ecological balance. The 
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insights from this study not only serve as a valuable resource 

for policymakers and planners in Lucknow but also offer 

lessons applicable to other rapidly urbanizing cities in Uttar 

Pradesh and across India. Sustainable urbanization is critical 

for ensuring that cities like Lucknow continue to provide 

opportunities and a high quality of life for their growing 

populations well into the future. 

References 

Census of India. (2011). Provisional Population Totals. 

Office of the Registrar General & Census 

Commissioner, India. 

Singh, R., & Kumar, A. (2019). Urban Growth and 

Development Dynamics of Lucknow City. Journal of 

Urban Studies, 45(3), 210-225. 

Kumar, S., & Verma, P. (2020). Infrastructure and Economic 

Development in Lucknow: The Role of Transportation 

Networks. Indian Economic Review, 55(1), 35-52. 

Sharma, N., Gupta, R., & Singh, M. (2022). Spatiotemporal 

Analysis of Urban Expansion in Lucknow Using 

Satellite Imagery. Sustainability, 14(6), 3227. 

Singh, A., Tiwari, S., & Yadav, P. (2021). Spatial Patterns of 

Urbanization in Uttar Pradesh: A Focus on Lucknow. 

Geographical Review of India, 83(4), 298-310. 

Gupta, R., & Mishra, S. (2018). Informal Settlements and 

Urban Infrastructure Challenges in Lucknow. 

International Journal of Urban Planning, 12(2), 104-

117. 

Jain, V., & Tiwari, R. (2020). Transportation and Urban 

Growth: Lessons from Lucknow. Journal of Transport 

Geography, 87, 102788. 

Ministry of Housing and Urban Affairs. (2021). National 

Urban Policy Framework. Government of India. 

Chaudhary, R., & Mishra, S. (2018). Urban Sprawl and Its 

Impact on Agricultural Land in India. Journal of Urban 

Planning, 45(2), 112-125. 

Gupta, A., Singh, R., & Verma, P. (2023). Spatiotemporal 

Analysis of Urban Growth in Lucknow using Remote 

Sensing Data. Sustainability, 15(3), 227. 

Joshi, S., Kumar, P., & Yadav, V. (2021). Infrastructure 

Challenges in Rapidly Growing Indian Cities: A Case 

Study of Lucknow and Noida. Urban Studies Journal, 

58(6), 1024-1040. 

Khan, M., & Malik, A. (2020). Urban Governance and 

Sustainable Planning in Uttar Pradesh. Indian Journal of 

Public Policy, 11(1), 55-69. 

Kumar, D., & Singh, A. (2018). Patterns of Urbanization in 

Uttar Pradesh: Trends and Drivers. Geographical 

Review of India, 80(4), 395-408. 

Kumar, S., Singh, R., & Joshi, N. (2020). Ribbon 

Development and Its Consequences in Indian Cities. 

Transport Geography, 85, 102674. 

Mehta, P., & Kumar, R. (2020). Sustainable Urban 

Development in Indian Cities: Lessons from Bangalore 

and Pune. Journal of Sustainable Cities, 12(2), 145-160. 

Nair, S., & Raj, M. (2019). Socio-economic Implications of 

Urbanization in Noida. Economic & Political Weekly, 

54(12), 38-45. 

Patel, V., & Kaur, J. (2021). Participatory Urban Planning in 

India: The Role of Local Communities. International 

Journal of Urban Policy, 9(1), 24-39. 

Patel, Y., Sharma, A., & Singh, L. (2022). Environmental 

Impacts of Urban Sprawl in Lucknow. Environmental 

Monitoring and Assessment, 194(8), 589. 

Rao, M., & Sharma, P. (2019). Leapfrog Development and 

Urban Sprawl: A Challenge for Sustainable Cities. 

Journal of Urban Affairs, 41(5), 721-736. 

Sharma, D., & Singh, M. (2023). Sustainable Urban Planning 

Strategies for Uttar Pradesh. Urban Planning and 

Development, 149(1), 04022048. 

Sharma, S., & Verma, R. (2020). Urban Growth and Land 

Use Change in Uttar Pradesh. Journal of Environmental 

Management, 259, 109787. 

Singh, A., & Yadav, K. (2021). Spatial Patterns of Urban 

Expansion in Lucknow. Geospatial Information 

Science, 24(3), 202-214. 

Tiwari, P. (2022). Economic Drivers of Urbanization in Uttar 

Pradesh: The Role of IT and Industry. Indian Journal of 

Economic Development, 18(4), 213-230. 

Verma, S., & Singh, A. (2021). Challenges of Urban 

Densification in Indian Cities. Journal of Urban Affairs, 

43(7), 1011-1027. 

Congalton, R. G. (1991). A review of assessing the accuracy 

of classifications of remotely sensed data. Remote 

Sensing of Environment, 37(1), 35-46. 

Government of Uttar Pradesh. (2020). Urban Development 

Plan of Uttar Pradesh. Lucknow: U.P. Urban 

Development Authority. 

Kumar, S., Mishra, P., & Tripathi, R. (2017). Spatio-

temporal analysis of urban growth in Lucknow city 

using remote sensing and GIS. International Journal of 

Geoinformatics, 13(2), 45-56. 

Lo, C. P., & Yang, X. (2002). Drivers of land-use/land-cover 

changes in the Pearl River Delta, China. Environment 

and Planning B: Planning and Design, 29(3), 303-321. 

Lu, D., & Weng, Q. (2007). A survey of image classification 

methods and techniques for improving classification 

performance. International Journal of Remote Sensing, 

28(5), 823-870. 

Lu, D., Mausel, P., Brondízio, E., & Moran, E. (2004). 

Change detection techniques. International Journal of 

Remote Sensing, 25(12), 2365-2407. 

McGarigal, K., Cushman, S. A., & Ene, E. (2012). 

FRAGSTATS v4: Spatial Pattern Analysis Program for 

Categorical and Continuous Maps. University of 

Massachusetts.

 

 

 

 

 
 


