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ABSTRACT

Rampant  urbanization brings opportunities for new
infrastructural developments, however, it also has brought
serious losses of vegetation land, forest land and water
resources. The modelling and projecting of land use pattern is
essential to document the urban profile of the city and
assessment of consequent environmental impacts. Current study
aims to highlight the impact of rapidly urbanizing Haridwar city
not only inside the boundaries of the city but also its neighboring
rural and semi urban areas. In the first part of the paper, one of
the most popular supervised classification algorithm (maximum
likelihood) is implemented to quantify the human inference in
the city. In the second part the impact is calculated by executing
an Urban Landscape Dynamics tool. In order to temporally
access the impact of urbanizing, openly available land sat
satellite images are used for the year 2008 and 2016.
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1. INTRODUCTION

Land is one of the main natural resource for supporting the life
over planet earth. The land and land cover changes are
equally important elements of the larger problem of global and
regional environmental changes. Remote sensing technology
and satellite data are very helpful for the detection of changes in
land use\land cover between 2008-2016. The increasing urban
population pressures are putting tremendous pressure on the land
use & land cover of Haridwar City. The expansion of agriculture
land can also be attributed to increasing demand to feed the
growing population. The decline in the area of the scrub land
is due its conversion to arable land. The increase in the built
up area is because of increasing demand for institutional and
residential space for capital level establishments. The water
body has shown little change in area due to encroachment slum
dwellers and land developers.

Urbanization is a continuous process and the spatial growth
pattern is the manifestation to this evolving phenomenon. The
process of urbanization has gained momentum in the last few
decades due to increased economic opportunities in urban areas
driving population towards urban centers (Ramachandra, Aithal
and Sowmyashree, 2014). The urbanized population in India
shall see rising trends and by 2030, 40% of the population will
be urban (McKinsey & Company, 2010, Aswal et al., 2018). The
role of urbanization is not only seen as an asset to a city’s
development pattern, but it can rather prove fatal and haphazard.
While urbanization remains dramatic in nature, it has its major
role to play in developing nation like India (Taubenbock, et al.,
2008, Tiwari et al., 2018a). Growth has huge implications,

Ritu Saini Pradeep Aswal
Project Associate Project Assistant
Department of Civil Department of Civil
Engineering Engineering

Geomatics Department,
[IT-Roorkee, Roorkee

Geomatics Department,
[IT-Roorkee, Roorkee

demands infrastructure development, and improved amenities,
and hence, there is a grave need to explore areas of concern with
the help of drivers of growth specific to each city and
accordingly prioritize the development scenario.

Urbanization has been described in terms of its patterns (land
use patterns (Thapa and Murayama 2009; Tian et al. 2011)),
process (extension of urbanized areas (Xiao et al. 2006)), causes
(changing land use practices Li and Yeh (2004) and their
consequences (Galster et al. 2001). Since urbanization is a name
for many conditions, thus defining it becomes very difficult
(Bhatta et al. 2010). Monitoring of urban growth is highly
imperative to ensure a more sustainable existence of human
society. Urban expansion impacts environment in more than one
ways. For example, creating social segregation (Azocar et al.
2007, Tiwari and Jain, 2014), fragmentation of natural
landscapes (Su et al. 2010), changing ecology (Nilsson et al.
2003) and biodiversity of the region (Savard et al. 2000; Hasse
and Lathrop 2003; Blair 2004), depleting natural resources
(Ghosh 2007) and altering hydrology (Nilsson et al. 2003,
Carlson 2004) and air quality in the area (Zhang et al. 2004).
Urbanization is considered one of the most dynamic and
irreversible land use change (Owen et al. 1998) that is massively
occurring across the globe (Brockerhoff 2000). This is true in
developing countries (Cohen 2006, Tiwari et al 2018b).

In order to concentrate on urbanization and changing pattern of
land use, current study is conducted for the Study area covering
the areas of Haridwar, witnessed maximum urbanization. Urban
landscape dynamics is computed and changing rural and sub
urban areas are marked in the focused zone.

2. STUDY AREA

Haridwar is one of the district of uttarakhand in India, The
holiest place to Hindus, located on the banks of River Ganga
with  the geographical coordinates 29.945°North and
78.163°East. It is situated on the Northern side of India.
According to Indian geographical studies its toposheet No.53K4
and its UTM zone is 44 N (WGS 1984). The Height of haridwar
according to Mean Sea level (M.S.L) is 314m. The total area of
Haridwar is 12.3km2. The River Ganga is flowing through
Haridwar from its source at Gaumukh. At the edge of the
Gangotri Glacier, Haridwar presents a kaleidoscope of Indian
culture and development.

The city has a population of Approx. 2, 00,000 and about 8
million tourists visit Haridwar on an annual average basis.
Today, the city is developing, with the fast developing industrial
estate of State Industrial Development Corporation of
Uttarakhand (SIDCUL) and Bharat Heavy Electricals Limited
(BHEL).
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Figure 1. Study Area map of Haridwar

3. DATA USED

Multi Spectral satellite imagery of Landsat-5 (ETM+) and
Landsat-8 (OLI/TIRS) satellite has been used as primary dataset.
The detail specifications of both the images are presented in
Table 1. Both the images are downloaded from United States
Geological Survey (USGS) Earth Explorer web portal
(http://earthexplorer.usgs.gov).

Table 1. Specifications of Landsat 5 and Landsat 8 satellite

dataset
Satellit Sensor Pat | Ro | Acquisitio | Resolution(
e h w n Date m)
Lands | MSS/T 23-11-
ats M 146 | 39 2008 30/100
Lands | OLI/TIR 13-11-
at8 s 146 | 39 2016 30/100

4. URBAN LANDSCAPE DYNAMICS

Urban Landscape Analysis Tool (ULAT) is used to classify
developed areas of different densities to identify undeveloped
lands that are likely to be degraded by close proximity to
development. This tool is executed in ArcGIS environment.

ULD Tool is not available in the tool bar of ArcGIS, so we have
to download the tool and ADD in ArcTool Box after we use
Raster Image that contains the land covers data. Layers should
be specified in chronological order. Land cover maps should
contain the following 3 classes: Output workspace Location of
output data other, water and urban. It evaluates results in seven
classes shown in the table 2, in the form of Urban built-up area,
Suburban built-up area, Rural built-up area, Urbanized open
land, Captured open land, Rural open land and Water.

Table 2. Urban classes and their selection criteria

S. Class Urbaneness Feature
No. ) Type
1 Urban built- U >=50% Built-up
up area
2 Suburban 10%=<U<50% Built-up
built-up area
3 Rural built- U<10% Built-up
up area
4 Urbanized U >=50% Open Land
open land
5 Captured U<200 Ha Open Land
open land
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6 Rural open - Open Land
land
7 Water - Remain
Same

5. METHODOLOGY

The methodology used for the selected study area uses dataset
comprising of satellite imagery of Landsat-5 and Landsat-7 for
the year of 2008 & 2016. Both the satellite images were
downloaded, and used for image pre-processing and cropped
with the boundary of the study area using ERDAS Imagine
Software. The flow chart for the methodology is presented in the
figure. It is one of the fundamental information required for
studies involving environmental monitoring, natural resource
management, or even science based-policy making. The prime
step of this methodology is mapping of LULC using knowledge
based-classification techniques. Since the objective of this study
is to study the impact of built-up areas on other land use and
land cover categories. Three major land covers mapped are;
built-up, water and others. After that we use ULA Tool. ULA
stands for Urban Landscape Analysis and it is used for
quantification of dynamics of urban expansion. The tool is
developed by Centre for Land use Education and Research
(CLEARY), University of Connecticut. It identifies and classifies
the developed lands of built-up density levels, non-developed
areas, and developed lands that are prone to degradation. Based
on urbaneness and edge disturbance zone, we mapped Urban
Footprint (UF), Urbanized Area (UA) and New Development
(ND) lands. ULA determines areas where developed areas
entrench on open lands and thus have discrepant impacts on
open land. The urbanized area identifies three levels of spatial
density in the built-up area. Built-up pixels in areas with lower
spatial densities affect a greater amount of open land than built-
up pixels in areas of high spatial density. The urbanized open
land occurs in areas with high spatial density and is likely to be
heavily impacted by development. Captured open land patches
are degraded by isolation from other open areas.

Land use and land cover mapping are of great significance in
land management and land planning activities. It contributes
significantly to increasing land use patterns and biodiversity
loss, and is a major factor in sustainable development and human
responses to global change. To work out the land use land cover
classification, supervised classification method with maximum
likelihood algorithm was applied in the ERDAS Imagine
Software. Maximum likelihood algorithm (MLC) is one of the
most popular supervised classification methods used with
remote sensing image data. This method is based on the
probability that a pixel belongs to a particular class.

Table 3. Area statistics for different land use land
cover class in 2008 and 2016

Yea | Urban Forest | Vegetatio | Barren | Water
r Area Area n Area land Area
(sq.Km. | (sg.Km. | (sq.Km.) Area (sq.Km.
(sg.Km.
)
2008 | 167.474 | 334.751 | 365.6079 | 324.659 | 14.1948
7 4 7
2016 | 216.574 | 261.801 | 381.3993 | 330.406 | 16.4997
2 2
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Figure 2. Flow Diagram Explaining Methodology
6. RESULT AND DISCUSSION

Land use land cover classification supervised classification
method with maximum likelihood algorithm was applied in the
ERDAS Imagine Software. Image classification resulted into
five land use land cover classes namely, Urban, Forest,
Vegetation, Water, and Barren land overall, Vegetation is high
in the south region and Forest is high in the northeastern region
of the study area. Land use land cover map for both the year are
presented in the figure 3. Land use land cover mapping of
Haridwar for two times indicates a continuously increasing in
built-up areas that comprises of urban, suburban and rural built-
up. It is observed that the urban area which was 167.47 square
Km in 2008 is increased up to 216.57 square Km in 2016.
Water, Vegetation and Barren land area are 14.19 square Km,
365.60 square Km and 324.65 square Km respectively in 2008
are also increased up to 16.49 square Km, 381.39 square Km and
330.40 square Km respectively in 2016. Whereas the Forest area
was 334.75 square Km in 2008 is decreased up to 261.80 square
Km in 2016. Table 3 shows different statistics of the urban area
for both the year. Urban landscape dynamic is also analyzed to
see impacts of different levels of urbanization. Seven classes
were mapped for urbanized area; urban built-up, suburban built-
up, rural built-up, water, captured open land, rural open land and
urbanized open land (figure 4). Urban built-up, suburban built-
up, urbanized open land, captured open land and water area are
50.49 ha, 15177.42 ha, 37.62 ha, 1234.35 ha, and 14.19 ha
respectively in 2008 are increased up to 2204.37 ha, 18273.87
ha, 45669.15 ha, 5571.90 ha and 16.49 ha respectively in 2016.
Whereas the rural built-up and rural open land area are 1515.51
ha and 101135.07 ha respectively in 2008 is decreased up to
1038.96 ha and 45436.68 ha in 2016 respectively. Table 4 shows
the ULD area for both the years.
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Figure 3. Land use land cover map for 2008 and
2016
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Figure 4. Urban landscape Dynamics for the year

2008 and 2016
Table 4. Urban Landscape Dynamics for the year 2008 and
2016
Year 2008 2016
Urban built-up Area (ha) 50.49 2204.37
Suburban built-up Area (ha) | 15177.42 18273.87
Rural built-up Area (ha) 1515.51 1038.96
Urbanized open land Area 37.62 45669.15
(ha)
Captured open land Area 1234.35 5571.9
(ha)
Rural open land Area (ha) 101135.07 45436.68
Water Area (ha) 14.1948 16.4997

7. CONCLUSION

The standard image processing techniques such as, image
extraction, rectification, restoration, and classification were
applied in the current study. Population growth and built-up area
are the rate of development of land in haridwar city, is
outstripping the rate of population growth. This implies that the
land is consumed at excessive rates and probably in unnecessary
amounts as well. This means that the per capita consumption of
land has increased exceptionally over three decades. The per
capita land consumption refers to utilization of all lands for
development initiatives like the commercial, industrial,
educational, and recreational establishments along with the
residential establishments per person. Since most of the
initiatives pave way for creation of jobs and subsequently help in
earning livelihood, the development of land is seen as a direct
consequence of a region’s economic development and hence one
can conclude that the per capita land consumption is inclusive of
all the associated land development. Most of the indices are
correlated among themselves, because there are only few
primary measurements that can be made from patches (patch
type, area, edge, and neighbour type), and all metrics are then
derived from these primary measures It was suggested that the
development of land value was not accompanied by the
development of socio-economic level of the community, causing
inefficient and effective land use. In addition, the formal
juridical provisions concerning the regulation, control and
supervision of the land are still not solid. Therefore some parts
of urban land are used and overused, which are occupied by a
large group of urbanites. Some of the urban land has been used
formally and not optimally, while in some other areas have not
been utilized.
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