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Abstract
In the absence of proper assessment of environmental significance of ongoing housing projects in India’s 
developing cities, the living standards of urban and rural area are fast deteriorating. Poor performance 
has been noticed in the follow-up activities in environmental impact assessment (EIA). This is consid-
ered to be a major weakness of EIA not only in Indian cities but also in those developing cities that are 
transitioning. This study uses the EIA framework to evaluate current and future environmental impacts 
on developing housing projects in Lucknow and also evaluates the post-project issues. Urban suitability 
analysis is introduced to the EIA process on land use planning to evaluate the suitability of housing 
colonies. Pre-project baseline information is collected from the EIA reports, whereas the post-project 
compliance is studied through primary data collection.

Conflict analysis is carried out to explore disagreements between urban suitability, enabling infra-
structure and master plan 2021 proposed by land authorities using satellite imageries, fuzzy analytic 
hierarchy process (AHP) and sub-models within the framework of environmental assessment. The 
outcome of this study reveals that EIA regulations are not adequately implemented in housing projects 
and there are conflicts with respect to post-project compliance. The study further reveals that zon-
ing regulations and land use suitability is not accounted for while deciding upon housing projects. The 
methodology provides a cost-effective rapid land evaluation framework which may help policy makers, 
urban and regional planners and researchers working in developing countries to understand the dynam-
ics of urban growth and implications of these housing projects on the environment.

印度勒克瑙市聚居地环境影响评估（EIA）：通过层次分析法（AHP）和地理信息系统（GIS）
对土地生产力和空间开发利用的专门研究

在缺少针对正在进行的住宅项目的适宜环境影响评估（EIA）的情况下，印度的发展中城市和
农村地区的生活水平正在迅速恶化。效果不佳在随后的环境影响评估活动中被关注。这不但被
认为是印度城市环境影响评价的一大弱点，而且在发展中城市中普遍存在。本研究采用环境影
响评价的框架，评估勒克瑙正在开发中的住房项目当前和未来的环境影响，以及项目建成后的
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相关议题。城市适宜性分析被引入环境影响评价过程中的土地利用规划部分，对聚居地的适宜
性进行了评估。项目前期的基础数据来自于环境影响评估报告，而项目完成后与目标的一致
性，则是通过原始数据收集进行研究的。
  冲突分析被用来探索城市适宜性之间的分歧，通过使用环境评估框架内的卫星影像、层次分
析法和子模型技术，保证了土地主管部门提出的基础设施和总体规划2021更具可实施性。研究
结果表明，环境影响评价法规在住宅项目中没有得到充分的实施，并且关于项目完成以后的一
致性评价方面还存在冲突。研究进一步揭示了区划法规和土地使用适宜性在决策住宅项目时并
没有被考虑。该方法提供了一种经济有效的快速土地评估框架，它可以帮助政策制定者、城市
与区域规划师和研究人员在发展中国家了解城市发展的动态情况以及住宅项目对环境的影响。
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Introduction

Rapid urbanization, environmental pollution and scarcity of resources greatly influence the ability of town 
planners to deliver sustainable housing to citizens in developing countries. The current pattern of urban 
growth in developing countries has resulted in the growth of housing colonies that are unsuitable for occu-
pancy, thereby generating negative consequences to the surrounding communities and the environment in 
the long run (Moja & Mnguni, 2014; Poom, Ahas & Orru, 2014). Developing more resilient and sustainable 
settlements requires planners to anticipate and take account of changing socio-ecological and physical 
conditions (Fitzgerald, O’Doherty, Moles & O’Regan, 2015). Understanding the complex interactions 
between dynamic environmental, technological, infrastructural and governance systems in relation to hous-
ing provisions form the starting point for impact assessment within the framework of the environmental 
impact assessment (EIA). EIA is the process used to identify, predict, evaluate and mitigate the environ-
mental, social and other potential impacts and consequences of any developmental project prior to major 
decisions being taken and commitments made to recommend suitable mitigation measures and decrease the 
possible adverse impacts (International Association for Impact Assessment [IAIA], 1999; Kaya & 
Kahraman, 2011). It seeks to identify and assess the type, magnitude and probability of environmental and 
social changes likely to accrue from a proposed development or policy and to design the possible mitigation 
plans (Debbarma, 2012; Harvey, 1998; Momtaz, Taylor & Lockie, 1998; Sadler, 1996; Thomas, 1998). 

The urban areas in developing countries are crowded due to the growth of unplanned settlements. 
This part of the urban population needs special attention because of limited services, insufficient 
resources, crowded and scattered settlements and an overall poor environmental quality (Galbraith, 
1968; McGranahan, 2015). These are the urban poor and middle class who are subjected to a life char-
acterized by the precarious conditions of housing, nutrition and health, little or poor material possessions 
(Mabogunje, 1975; Walter, Li & Atherwood, 2015). Housing is the biggest challenge associated with 
urbanization in India. The vast majority of urban residents in India continue to live in substandard or 
informal housing, with few basic amenities (Tiwari & Hingorani, 2014). In the absence of proper assess-
ment of environmental significance of ongoing housing projects, the living standards of urban as well as 
rural area are deteriorating. Thus, the vision of sustainable human settlements and construction of eco-
cities or green housing becomes difficult to realize without implementing the policies of EIA in the hous-
ing and construction projects (Kulkarni, Sayed & Nair, 2014).

It is understood that rapid, unplanned and uncontrolled urbanization is leading to disorganized growth 
in the developing countries (Amin & Fazal, 2015). The patterns of development resulting from new 
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urban forms are also altering the natural landscapes and their dynamics in the peri-urban areas (Dutta, 
2012). Unplanned urban growth is resulting in reduction in the productivity of the land and in the provi-
sion of ecosystem services (Ceccarelli, Salvati, Bajocco & Perini, 2015; Malmir, Zarkesh, Monavari, 
Jozi & Sharifi, 2015). This has necessitated the understanding of spatial patterns of urbanization and 
their relation to post-project conflicts arising from the new urban landscape. Evolution of urban land 
density is also a subject of great interest among researchers; however, the methodologies are arbitrary 
and suffer from the lack of an established foundation (Dutta, 2012; Jiao, 2015). Keeping this reality in 
the background, the objective of the study is to review the effectiveness of EIA systems implemented in 
housing projects in Lucknow through conflict analysis based on post-project monitoring using fuzzy 
analytic hierarchy process (AHP) models and geographic information system (GIS). The outcome of the 
study would be of great importance for urban planning and decision-making communities of the city at 
present and in the future.

India’s mainstream policy and planning for housing growth has been shaped to a great extent by its EIA 
guidelines. Mehta and Karpouzoglou (2015) noted that the mainstream policy and planning for urban 
growth has negative implications for important natural resources, such as, water for peri-urban areas. 

The process and dynamics of urbanization have been subjects of great interest among scholars, and 
they have made operational a wide variety of spatial metrics methods utilizing remotely sensed data in a 
multi-criteria modelling environment (Amin & Fazal, 2015; Malmir et al., 2015). In a major study on 
international EIA effectiveness (Cashmore, Gwilliam, Morgan, Cobb & Bond, 2004), it was found that 
there was poor performance of follow-up activities in EIA. This is considered to be a major weakness of 
EIA internationally (Arts, Caldwell & Morrison, 2001; Bisset & Tomlinson, 1988; Buckley, 1989a; 
Dipper, Jones & Wood, 1998; Glasson, Therivel & Chadwick, 1994; Ortolano & Shepherded, 1995; 
Sadler, 1996; Wood, 2003). In a similar study, land capability of Shandiz urban region, northeast of Iran, 
was assessed for spatial development using multi-criteria evaluation framework (Afshari & Mafi, 2014). 
AHP and GIS were used to find the most important parameters that affected the spatial development in 
the study area. A number of studies have also evaluated the criteria of sustainability on housing through 
indicators that support EIA process (Gonzalez, Donnelly, Jones, Chrysoulakis & Lopes, 2013; Kennedy, 
Pincetl & Bunje, 2011).

Amin and Fazal (2015) carried out the quantitative and qualitative analysis of urban growth of Srinagar 
by using Urban Landscape Analysis Tool (ULAT). Urbanized area (UA), urban footprint (UF) and new 
development (ND) maps were generated to quantify the degree of urbanization based on spatial density 
of built-up area. Comparative analysis of these maps in relation to the built-up spread pattern indicated 
that mostly the environs of the Srinagar city which includes mostly agricultural, vacant and marshy areas 
prominently in northern, western and southern areas contribute to the development of the city.

It is observed that quantitative analyses employed for assessment of environmental impacts of housing 
projects are either based on indicators or use a variety of multi-criteria evaluation tools. In all studies, land 
use planning forms a critical element of rational distribution of land resources and improper land allocation 
for housing disturbs the regional environmental quality, ecosystem services and other socio-economic 
parameters (Marull, Pino, Mallarach & Cordobilla, 2007; Steiner, McSherry & Cohen, 2000).

About the Study Area

Lucknow is located in the central region of Uttar Pradesh (UP) and is the capital of the largest populated 
state in India (Figure 1). The city is governed by Municipal Corporation which comes under the Lucknow 
Metropolitan Region. Lucknow district administers 2,528 sq. km of areas. According to the 2001 census, 
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Figure 1. Location of the study Area

Lucknow had a population of 3.64 million with a density of 1,816 people per sq. km which rose to 4.58 
million in 2011 having a density of 1,443 people per sq. km (Census of India, 2011). Floating population 
in the city is increasing every year, and with the growing infrastructure, the demand and expectation of 
quality housing has also gone up. The main urban areas of Lucknow are situated on both sides of the 
river Gomti which divides the city into two parts. Residential colonies, such as, Gomti Nagar, Indira 
Nagar, Vikas Nagar, Jankipuram, Aliganj, Mahanagar and Rajajipuram, and several integrated townships 
along the Faizabad Road are located trans-Gomti, while colonies, such as, Aashiyana, Eldeco, South 
City, Vrindavan, Alambagh and Krishna Nagar, are situated in the south-western part of the city. Most of 
the colonies in these areas are developed with mixed land use and commercial infrastructure; however, in 
some of the colonies located in the far south and north, social and physical infrastructure is still developing. 
Three national highways and five other provincial highways serve the region of Lucknow (Figure 2).

During the last two decades, the city of Lucknow has expanded rapidly and became less compact and 
more dispersed. However, the city grew faster and showed more sprawl between 2005 and 2014. The 
growth mainly occurred due to real estate markets becoming a popular investment avenue in India’s million 
plus cities. Good connectivity with the adjoining towns also aided people to come and settle in different 
parts. The earlier work on Lucknow’s growth pattern and urbanization trends reveals that the growth in 
Lucknow city is neither linear nor nodal, rather radial with minimal influence of transport infrastructure; 
change drivers are many and site specific. Urbanization follows two physical processes: (i) envelopment 
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Figure 2. Zoning Map of the study Area with Respect to Heritage Zone, Historical Buildings, security and 
Environmentally sensitive Area 

Source: Lucknow Development Authority.

(north, north-western, southern sites): annexation of surrounding landscape and (ii) attainment (north-
eastern site): occupation of rural built-up clusters in landscape (Dutta, 2012). The site plan of different 
colonies that were studied for impact assessments are provided in Figures 3, 4 and 5.

A short description of important areas of Lucknow that exhibit a high growth of residential colonies 
is given below:

(a) Northern site along Sitapur Road: It is located in Bakshi Ka Talab, a suburban town in 
Lucknow district, connected to Lucknow city via National Highway 25 which further leads to 
the neighbouring Sitapur city. The area has been primarily agriculture intensive and has been expe-
riencing significant urban development with increasing number of educational and research institu-
tions coming up. The peri-urban areas which have much lesser population and are less explored by 
the real estate markets, are now becoming a preferred destination for private developers.

(b) North-eastern site along Faizabad Road: It is located at Chinhat area situated along National 
Highway 28, around 15 km from Lucknow city connecting it to Faizabad city. The site is situated 
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Figure 3. Layout Plan of DLF Garden City – An Integrated Township (446 Acre) at Purseni, Lucknow 

Source: Layout map, DLF Garden City.

between the national highway and river Gomti and has a railway route running through it. The 
area has been agriculture intensive with very fertile croplands due to proximity to river Gomti and 
the presence of a canal network. Owing to its numerous industries, the area is the industrial hub 
of the city and has been experiencing significant development owing to the establishment of new 
industries and some higher education institutions.
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Figure 4. Layout Plan of Omaxe Residency (13.88 Acre) at Gomti Nagar, Lucknow 

Source: Layout map, Omaxe Residency.

(c) Southern site located along Raebareli Road: Raebareli Road in the south is one of the six cru-
cial roads of Lucknow which is currently expanding. The road starts from the Telibagh colony, 
just after the cantonment and extends up to the Mohanlalganj area. The area is in between Uterethia 
and Amausi situated 15 km from the Lucknow city centre and is surrounded by National Highway 
25 connecting to Kanpur city on one side and National Highway 24B connecting to Raibareli city 
on the other side. It is a transportation hub due to the presence of the Amausi international airport. 
The area has been historically marked by the presence of numerous ponds/lakes, vast scrublands 
and numerous sporadic clusters of plantations. The area is currently experiencing rapid devel-
opment due to several real estate development plans under implementation. Many builders and 
buyers have shown interest in the area. Along this road, many renowned and city-based builders 
have started their housing projects and are offering a wide range of properties ranging from apart-
ments in a group housing society to independent plots. The Amar Shaheed Path acts as a dividing 
line between the developed and the developing regions along the road. Areas within the Amar 
Shaheed Path or close to it are completely developed in terms of social and physical infrastructure. 
As one moves from the city in further south, an array of residential housing projects can be seen on 
both sides of the Raebareli Road. Not only private developers but also the Lucknow Development 
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Figure 5. Lay Out Plan of Omaxe Hi Tech Township (1765 Acre) Lucknow

Source: Layout map, Omaxe Hi Tech Township.

Authority (LDA) and UP Housing and Development Board have also acquired a good amount of 
land bank from the farmers in this region and are coming up with several housing projects. 

(d) South-western site located along Kanpur Road: Kanpur and Lucknow are separated by a 
stretch of 80 km. Land along the Lucknow–Kanpur road has become an area of intense interaction 
reflected by changes in land use and mushroomed development. Many interested investors are 
buying plots as these are relatively less expensive when compared to other areas in the city. 
Several buyers are hoping to construct homes after their retirement, while investors are waiting 
for capital appreciation based on the infrastructure development in the future. It is one of the 
regions where both public and private developers are eagerly looking forward to future 
development.

(e) North-western site located along Hardoi Road: It is situated 12 km from the city centre and has 
two major roads and the northern rail route passing through it. State Highway 40 connects 
Lucknow to Kannauj, finally leading to Agra, and State Highway 25 connects Lucknow to Hardoi 
via Malihabad. The area though being dominated by agriculture has significant amount of planta-
tions on private lands which have been steadily increasing.
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Methodology

The methodological framework used to observe the effectiveness of EIA for housing projects in 
Lucknow is based on multi-criteria decision making as outlined in Figure 6. The satellite data are 
being used to observe land use/land cover changes, loss of water bodies and loss of flora/fauna by 

Figure 6. Methodological Framework Adopted for the study 

Source: Authors’ own.
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using Expert GPS, ARC VIEW GIS 3.3 and ARC GIS 9.2 softwares. The ancillary data, such as, 
environmental clearance reports, analytical monitoring data and compliance reports, are collected 
from Central Pollution Control Board (CPCB), State Pollution Control Board (SPCB), Directorate of 
Environment and district gazettes. The ancillary data help in conflict analysis (comparing the com-
pliance and non-compliance data) of the EIA system implemented in the housing projects. The hier-
archical structure for housing suitability with criteria and factors used in the study is outlined in 
Table 1. 

The post-project data are obtained through sampling of various air, water, soil and other parameters. 
The suitability assessment for housing colonies is based on the identification of land suitable for future 
urbanization as well as EIA guidelines. 

The identification of potential sites for housing involves the following broad categories: 

Factors Affecting the Location of Housing settlements

1. Physical and socio-economic characteristics: Considers the physical and socio-economic suit-
ability of a site in terms of urban development. Involves evaluation of soil, landscape and popu-
lation factors critical to urban development, namely, agricultural capability, soil group texture, 
existing land use, altitudinal gradient, groundwater depth and geomorphology.

Table 1. Hierarchical structure for Housing suitability with Criteria and Factors

Objective Criterion Factors
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C1: soil suitability F11: Group texture

F21: Agriculture capability

F31: sodicity

C2: Landscape suitability F12: Geomorphology

F22: slope/attitudinal gradient

F32: Groundwater (depth and quality)

C3: Infrastructure suitability F13: Road connectivity

F23: Rail stations and suburban railways

F33: City development boundary

F43: sewerage systems

F53: Water supply networks

C4: Morpho-land use/land use F14: Greenbelt

F24: Wetlands, floodplains and water bodies

F34: Wasteland

F44: Existing settlements 

F45: Open space

Source: Authors’ own.
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2. Spatial infrastructure: Considers the site’s ability to provide services for sustainable urbanization. 
Measured in terms of distance to existing service centres and networks, that is, road network buffer, 
railway stations buffer, existing city boundary buffer, etc.

Constraints Affecting the Location of Housing settlements

1. Natural resources sustainability: Considers the effect of urbanization on environment, involves 
identification of environmentally sensitive zones, that is, areas with fragile natural resources, that 
is, in proximity to conserved/protected forest, urban greenery, wetlands.

2. Urban environment sustainability: Considers the long-term sustainability of urban population in 
terms of public health and environmental safety, involves identification of hazardous zones, that 
is, areas with public health or public safety hazards, that is, proximity to solid waste dumps, toxic/
industrial areas, flood plains.

3. Heritage conservation: Considers preservation of historic and contemporary heritage sites, 
involves identification of heritage zones. These are areas with declared heritage structures or in 
proximity to heritage sites.

Suitability score of a land use alternative for a defined land use goal is based on standardized criterion 
score x and priority weight W assigned to that criterion on the basis of the chosen land use goal (urbaniza-
tion). For a given set of priority weights, the best alternative land use is the one with highest final evalu-
ation score of urban suitability value. The fuzzy weighted values of the criteria based on pair wise 
comparison matrix for criterion classes are shown in Table 3, whereas the fuzzy weighted values of the 
second level are provided in Table 4.

Fuzzified values of pairwise comparison matrix (PCM) are provided in the Table 2.To select the most 
suitable area for future urban development, a weighted linear combination (WLC) method is used in 

Table 2. Fuzzified Values of Pair-wise Comparison Matrix (PCM)

Crisp PCM 
Value

Corresponding
Fuzzy PCM Value

Crisp PCM 
Value

Corresponding
Fuzzy PCM Value

1 (1,1,1) if diagonal;
(1,1,3) if otherwise

1/1 (1,1,1) if diagonal;
(1,1,3) if otherwise

2 (1,2,4) 1/2 (1/4,1/2,1)

3 (1,3,5) 1/3 (1/5,1/3,1)

4 (2,4,6) 1/4 (1/6,1/4,1/2)

5 (3,5,7) 1/5 (1/7,1/5,1/3)

6 (4,6,8) 1/6 (1/8,1/6,1/4)

7 (5,7,9) 1/7 (1/9,1/7,1/5)

8 (6,8,10) 1/8 (1/10,1/8,1/6)

9 (7,9,11) 1/9 (1/11,1/9,1/7)

Source: Authors’ own.
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combination with AHP and Fuzzy AHP. In this study, factors are combined in WLCs. With a WLC, 
factors are combined by applying a weight to each, followed by a summation of the results to yield a total 
suitability map (Eastman & Jiang, 1995) for an individual land use category, that is, each land parcel is 
evaluated based on the degree to which its characteristic metrics [tn,jk,k

] satisfy urban suitability/desirability 
on the measures of effectiveness of each metric [mijk,jk,k

]. Then, the suitability values [V(tn,jk,k
)] are factored 

with the relative importance of factors associated with each criterion [fjk,k
] and the relative priority of 

criteria on the objective [wk]. With this approach, urban suitability is evaluated on the semi-absolute 
values instead of the relative values. The mathematical model supporting the evaluation of urban 
suitability is shown below. 

Table 4. The Fuzzy Weighted Values of the second Level

Objective Criterion Factors
Fuzzy Weighted 

Values Ranking Tests
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C1: soil 
suitability

F11: Group texture 0.16 3 CI = 0.084

F21: Agriculture productivity 0.56 1 CR = 0.093

F31: sodicity 0.28 2

C2: Landscape 
suitability

F12: Geomorphology 0.29 2 CI = 0.069

F22: slope/attitudinal gradient 0.56 1 CR = 0.088

F32: Groundwater (depth and quality) 0.15 3

C3: 
Infrastructure 
suitability

F13: Road connectivity 0.21 3 CI = 0.067

F23: Rail stations and suburban railways 0.05 5 CR = 0.086

F33: City development boundary 0.36 1

F43: sewerage systems 0.10 4

F53: Water supply networks 0.28 2

C4: Morpho-land 
use/land use

F14: Greenbelt 0.16 3 CI = 0.073

F24: Wetlands, floodplains and water bodies 0.06 5 CR = 0.084

F34: Wasteland 0.10 4

F44: Existing settlements 0.37 1

F45: Open space 0.31 2

Source: Authors’ own.

Table 3. The Fuzzy Weighted Values of the Criteria Based on Pair-wise Comparison Matrix for Criterion Classes

Criteria Fuzzy Weighted Values Ranking

soil suitability 0.08 3

Landscape suitability 0.50 1

Infrastructure suitability 0.09 2

Land use 0.07 4

Consistency Index = 0.049 Consistency Ratio = 0.044

Source: Authors’ own.
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: Land use suitability (n) along with factor (jk) for criterion (k)

V(tn,jk,k
): Desirability value of the land use (n) along factor (jk) for criterion (k) 

The WLC is repeated for each land use category separately to create a suitability map with a standard-
ized value range per cell. For each suitability map, a five equal interval classification (cell range: 0–4) 
between the minimum and the maximum cell values calculated is employed, that is, assigning the five 
ranges in an increasing order to very low, low, moderate, high and very high, respectively. The resultant 
raster maps are thus received.

Key Findings of the Research 

It is observed that the development of housing settlements is closely related with environmental param-
eters. Poorly regulated land governance has led to unscientific urban expansions that do not conform to 
land suitability and the carrying capacity of the city. Industrial areas are being built upon environmen-
tally sensitive areas; some residential areas have also encroached upon lakes and ponds and new residen-
tial areas lack open space and greenbelts. 

Land suitability for future urban development has been evaluated and according to the statistics cal-
culated for the final suitability map, only 1.86 per cent of the total area has been found to be highly suit-
able, 20.91 per cent has been found to be suitable, 45.82 per cent has been found to have low suitability 
and 31.41 per cent has been found to have negligible or very weak suitability. Suitability map for urban 
development using the AHP-adapted WLC process shows that a very low percentage of the total area has 
actually been found suitable for future urbanization.

Land suitability for urban development has been analyzed using fuzzy analysis with alpha value of 
0.6 indicating 60 per cent certainty in deciding the urban development suitability parameters and their 
requirements for habitation. The uncertainty over deciding their importance is incorporated through the 
optimism index, lambda. At lambda = 0.5 (i.e., 50 per cent uncertainty, the statistics of suitability zona-
tion shows only 1.37 per cent of area as highly suitable, 22.31 per cent of area as suitable, 33.30 per cent 
of area as weak suitability and 43.03 per cent of area as negligible or very low suitability. The results of 
the AHP approach are satisfactory and comparable with that of fuzzy AHP. Although AHP incorporates 
expert knowledge, it fails to incorporate the uncertainty involved in the expert knowledge, judgement 
and opinions. Fuzzy AHP can give considerably good results as it incorporates uncertainty of expert 
opinions while comparing the criteria. 
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Table 5. Ambient Air Quality of Housing Colonies for Baseline (Pre-project, Average of 2006 to 2010) and 
Post-project Period (Mean of Pre- and Post-monsoon 2014)
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1. Omaxe Residency 80.54 105.8 40.4 54.3 NA 7.2 NA 19.7 NA 1.2

2. Parsvanath City 10.28 55.6 15.3 60.8 4.4 12.4 21.8 26.8 30.3 36.2

3. DLF Garden City 225.8 94.0 78.6 52.3 6.9 8.2 18.9 16.7 5.9 8.7

4. LDA Gomti Nagar 
Extension scheme

346.8 320.8 225.4 259.3 17.8 8.2 26.7 16.2 NA 0.9

Source: Authors’ own.

Table 6. Noise Level at the Location of Housing Colonies for Baseline (Pre-project, Average of 2006 to 2010) 
and Post-project Period (Mean of Pre- and Post-monsoon 2014) During Day and Night Time

s. No. Location

Noise Level leq dB(A) Day Noise Level leq dB(A) Night

Baseline Data Current Data Baseline Data Current Data

standard (Ambient Noise) 55 55 45 45

1. Omaxe Residency 55.5 66.1 45.33 44.2

2. Parsvanath City 46.25 68.1 48.34 50.2

3. DLF Garden City 61.27 65.1 44.37 40.6

4. LDA Gomti Nagar Extension scheme 52.20 70.1 39.90 52.2

Source: Authors’ own.

Many people buy land in such areas from an investment point of view as they know that land price 
would go up substantially once the area is earmarked for housing in the future. As a result, peri-urban 
locations look increasingly investment attractive, which leads to spatial growth of the city.

Existing infrastructure has not been integrated in the design of the layout, for example, there is absence 
of logistic zones, sidewalks, bicycle lanes, parking lots and so on. Majority of area (around 77 per cent) 
in the peri-urban interface has weak or very low suitability for future urban development primarily 
because of high conservation and agriculture suitability and incompatibility of physical land use. It is 
evident from the conflict analysis that though the Master Plan 2021 does not present stark differences 
from zoning as recommended by the suitability study, still the restricted/conserved areas recommended 
by the study are majorly conflicting with planned future development.

The assessment of air, water and noise for various housing colonies indicates that there is a slight 
deterioration of environmental quality after the project was completed, between 2006 and 2014 (Tables 5, 
6, 7 and 8). This may be due to poor post-project monitoring and non-compliance to the environmental 
management plan stated in the EIA report.
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Significance and Policy Implications of the Study

This research work quantitatively explores the spatio-temporal patterns of land use/land cover transfor-
mations in the core and along the periphery of the city. Better understanding of the overall dynamics and 
linkages of environmental parameters and their relative importance within and among housing and infra-
structure sectors can guide more targeted and productive investment and policies for future to devise 
better and more holistic interventions. There is a need for integrated approaches that could assist urban 
planners while preparing the EIA of new colonies. 

The outcome of this study revealed that EIA regulations were not adequately implemented in housing 
projects and there are conflicts with respect to post-project compliance. The study further reveals that 
zoning regulations and land use suitability has not been considered in deciding housing projects. This 
land suitability addresses the question of how location and morpho-land use influences the environment. 
The morpho-land use and location of settlements are considered to be one of the key determinants of the 

Table 7. soil Quality of Baseline and Post-project for Different Housing Projects in Lucknow City

sl. No Parameters D
LF

 G
ar

de
n 

C
ity

 
(B

as
el

in
e)

D
LF

 G
ar

de
n 

C
ity

 
(C

ur
re

nt
 D

at
a)

LD
A

 G
om

ti 
N

ag
ar

 
Ex

te
ns

io
n 

sc
he

m
e 

(B
as

el
in

e 
D

at
a)

LD
A

 G
om

ti 
N

ag
ar

 
Ex

te
ns

io
n 

sc
he

m
e 

(C
ur

re
nt

 D
at

a)

1. pH 7.6 7.3 7.5 7.3

2. Conductivity (ms/cm) 792.3 654.0 258 603.0

3. Bulk Density, gm/Cc 1.45 1.32 1.56 1.18

4. Potassium Available as K (kg/ha) 82 32.6 238 54.1

5. Available Nitrogen as N (kg/ha) 68 162.3 654 137.2

6. Available Phosphorus (kg/ha) 54 17.2 34 15.4

Source: Based on compliance reports of EIA (2006 to 2010) and sampling done during september 2014 to October 2014.

Table 8. Water Quality of Baseline and Post-project for Different Housing Projects in Lucknow City

Alkalinity as 
CaCO3

TDs
(mg/l)

Total Hardness 
as CaCO3

Chloride as Cl
(mg/l)

sulphate as sO4

(mg/l)
sodium as Na

(mg/l)

Baseline 

Omaxe Residency 580 876 424 114 84 186

DLF Garden city 225 434 284 82 54 60

Gomti Nagar 296 448 208 19 14 NA

Post-project

Omaxe Residency 305 532 194 14.9 4.2 4.5

DLF Garden City 112 202 174 15.6 4.5 4

LDA Gomti Nagar 
Extension scheme 

86 149 124 33.9 ND 5

Source: Authors’ own.
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pattern of settlements and resource consumption, and the pressure it would create on the environment in 
future. The resulting analysis of land capability for spatial development in Lucknow city identifies the 
key factors affecting the future urban spatial development which will aid in appropriate planning and 
development strategies. 

The outcome of the present study may be a helpful tool for planners, decision makers, engineers 
and others to consider the impact of housing projects on the environment for effective and sustainable 
planning. The result of this research work would provide relevant information to determine the effec-
tiveness of EIA for housing projects in Lucknow, UP. This could then be applied to other towns and 
cities. Urban transition is a major challenge for the growing Indian cities. Unplanned urban growth 
creates undue challenges in fulfilling the dream of cities becoming the engines of growth and vibrant 
economic development. Urbanization in the Indian context should have a vision beyond megacities, 
such as, Mumbai and Delhi with a holistic view to include second-tier towns and medium-sized agglom-
erations, such as, Lucknow which has not yet been studied in detail. This research work quantitatively 
explores the spatio-temporal patterns of land use/land cover transformations in Lucknow city in addition 
to observing the nature and form of urban expansion resulting in a complicated urban landscape. 
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