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Abstract

The global population is increasing at an alarming rate in urban areas. More than 50 per cent of the
world population lives in urban areas. However, the levels of urbanization would vary across countries.
India is anticipated to become the world’s most populated country by 2025, superseding China. Urban
population in India, has also substantially increased over the past decade, thus, urbanization is one of
the imperative demographic challenges in the 215'century in our country. To analyze the process of
growth in the study area methods such as Shannon'’s entropy and Spatial metrices have been used with
the help of geospatial technology. The dynamics of Land use and cover indicated the active rapid
growth in the built-up area in the study region from 2001 to 2017. The study region witnessed a rise in
the built-up area from 19.64 percent in 2001 to 30.77 percent in 2011 and continued to rise to reach
35.19 percent of the total area in 2017. Over the time period of 2001 to 2017, the analysis highlighted
that the process and its densification have mostly occurred in the surrounding areas of the city and with
the time it has gradually moved out from the core of the city to the peripheral areas.

Keywords:1. Urbanization 2. Demographic challenges 3. Shannon’s entropy 4. Spatial Metrices 5. Land
use and Land cover 6. Peripheral areas

1. Introduction

Population around the world is increasing astoundingly across the landscape but the situation is more
critical in urban areas where there is increase in the population at an alarming rate. Variations in the
level of urbanization vary from country to country and place to place. In the last 60 years, noticeably
there is an increase of 50 per cent urban population globally, which was only 28.3 per cent in 1950
(World Bank, 2011). India, after China, is the country with second highest population over the globe
with over 121 million people which is equal to 17.5 per cent of the total population of the world (Census
of India, 2011). India is anticipated to become the world’s most populated nation by 2025, superseding
China. Population living in urban areas of India also recorded an increase from 285 million to 377
million from 2001 to 2011, i.e., over the past decade. Although an increase of 3.31 per cent from 27.85
per cent of urban population in 2001 to 31.16 per cent in 2011, an addition of 92 million people to urban
areas. In India, urbanization is causing one of the major demographic challenges of recent times and
urbanization in 215t century can be considered as an overbearing issue. From 2010 - 2050 urban
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population will show a constant upward trend in its population count and the population will rise up to
497 million throughout this time period (Census of India, 2011; United Nations, 2011 and Ramachandra
etal., 2012 a, b).

Indian urbanization has the most striking characteristics of unparalleled growth of class I cities. The
population share of cities categorized as class I cities, have increased significantly from 26.0 to 68.7
between 1901 to 2001. Class I cities/urban agglomerations have shown a rapid increase from 30 to 48 in
numbers from 2001 to 2011. Urban population has been growing in India primarily because of
migration (Ramchandra et al., 2014 and Kundu, 2006). In India, migration i.e. forced migration as well as
voluntary migrations are very common and migration itself is one of the major causes of growing
population in urban areas. Thus, exerted pressure on the available resources of urban areas which
ultimately leads to extension of city boundaries and growth or areas i.e. peri-urban. Apparently, million
cities are increasing very rapidly in India. The rapid growth of these urban settlements results into the
extension of their juridical boundaries engulfing their hinterland and peripheries, so that they could
support their ever-increasing population.

The rapid growth of these urban settlements results into the extension of their juridical boundaries
engulfing their hinterland and peripheries, so that they could support their ever-increasing population.
Urban Sprawl can be termed as the progress of extension of the core city mainly because of population
explosion in urban areas and subsequently, providing accommodation to its population beyond its
boundary. Therefore, rapid development of cities and its peripheral areas incline its physical
landscape, giving rise to numerous social, economic, environmental implications. (Mundia and
Murayama, 2010; Grimm et al., 2000). Environmental consequences of rapidly growing cities have
negative impacts in terms of reduction of the agricultural land, forest cover which further leads to
climate change at micro and macro level. The degree and direction of sprawl growth are governed by
variety of factors such as development of industries, quality of the land, connectivity, accessibility etc.

It is evident that increasing population density due to sprawl is directly influencing socio-economic
environments of the cities. The degree and direction of sprawl growth are governed by variety of
factors such as development of industries, quality of the land, connectivity, accessibility etc. (Xu et al.,
2000; Knox, 2009; Pathan et al., 1993). Land transformation usually takes place in an unplanned manner
leading to the growth of urban sprawl. Furthermore, these cities are inclined to the growth of slums and
squatters where basic amenities like safe drinking water, access to sanitation facilities, and access to
electricity are also out of reach for the deprived rural immigrant (Kundu et al., 1999). Sustainable
development is the basic requirement of 215! century, where unorganized and unplanned growth of the
urban areas are causing hindrance to its path towards sustainable development, mainly because there
is no appropriate amount of infrastructure facilities available to support the population which is
constantly increasing. Unplanned and inadequately managed urban areas are creating threats to the
environment by the formation of sprawls, unsustainable means of productions as well as consumption
patterns resulting into the degradation and pollution of the cities. Moreover, making the cities
vulnerable to different types of health risks, occupational hazards, traffic accidents and hazards caused
by changes in the diets and socio-economic conditions (Chaschan and Shankar, 2012; Li et al., 2012).
The three pillars of sustainable development, namely, socio-economic growth and environmental
conservation are backbone of urbanization.

The major goal of the conference “The future we want” organized by United Nations in Rio has been the
accomplishment of sustainability of the cities. There is need of progressive model which solely meant for
development of urban areas and its development which includes aspects of sustainable development,
equity promotion, shared prosperity and welfare. The following emphasis was put forward in the third
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United Nation conference on Human settlements (United Nations, 2014). Consequently, gaining new
heights at global scale is utmost important in urban growth monitoring and urban environment
mapping. For investigating the present and future demands of the cities it is very significant to have
timely and precise data for critically investigating the urban development. Therefore, strategic efforts
should be made towards protecting natural resources as the primary concern on one hand and to have
an organized and well-planned urbanization on the other hand.

Satellite data mainly of multispectral and multitemporal have been very convenient in detecting the
variations occurring over the city landscape. Moreover, for monitoring, estimating, quantifying and
sprawling and growing of urban areas GIS techniques have been used (Jat et al., 2008; Yeh and Li, 2001;
Punia and Singh 2011; Sudhira et al., 2004). To comprehend the features of landscape and to examine it,
different landscape level metrics are available for the purpose of providing required understanding
and details regarding the landscape (Gustafson, 1998; McGarigal and Marks, 1995; Hargis et al., 1998;
Jaeger 2000; O’Neill et al., 1988; Ramachandra et al., 2012). The measurement of features of the landscape
is done by spatial metrics units which are derived to the spatial data (Ramachandra et al., 2012; Herold et
al., 2002). Information regarding the quantitative characteristics of the landscape is obtained by spatial
analysis based on metrics. Moreover, information obtained plays a crucial part in analyzing the pattern and
changes that have occurred on the structure of landscape (Goodin and Henebry, 2002). Geospatial
technology together spatial metrics have the potential to provide spatial information related to urban
growth, structure and its dynamics as well as in understanding the processes of urban growth. To provide
spatial data which is correlated to urban dynamics, process, structure and its growth are obtained
through remote sensing and spatial metrics together.

2. Data Used

To study the urban spatial growth, the Landsat series data has been used. The data has been obtained from
(Table 1) United States Geological Survey (USGS).

Table 1: Data used

S. No. Satellite Sensor Year Resolution (Meters)
1 Landsat 5 T™ 2001 30
2 Landsat 5 ™ 2011 30
3 Landsat 8 OLI 2017 30

Source: USGS

3. Methodology

The study of urban growth has been conducted with the help satellite data, with temporal data of 2001
to 2017 time period. Basically, data of three different time period has been used in the study which is
obtained from Landsat series of United States Geological Survey (USGS). For the year 2001 and 2011,
data of Landsat 5 Thematic Mapper sensor have been used and for the year 2017, data of Landsat 8
Operational Land Imaging sensor have been used (Figure 1).
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Extracting Land use and Land cover Statistics and
dividing Study Region Based on 2 kms gradient and into
4 zones, for year 2001,2011 and 2017
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Analysis using Landscape Metrics using
Fragstat software

The analysis of the growth taking place in urban area has been studied with the help of spatial metrics
and the method of Shannon’s Entropy. The study is carried out gradient as well as in the zonal wise, for
the year 2001, 2011 and 2017.

3.1 Zonal Analysis

For examining the growth of the concerned study area, it has been categorized into four distinct zones:
North-east, South-west, North-west and South-east for further analysis. Mainly because urbanization
process comprises of variety of driving aspects which possibly may not be uniform in every single
direction. To split the areas of the city in four distinct zones, growth of the city is expressed with respect
to direction. Thus, the division of study area into four distinct zones mentioned above has been taken
into consideration. Where the process of urbanization has been studied in each zone for 2001, 2011,
2017 respectively.

3.2 Gradient Analysis

To visualize the urbanization process at local level and understanding the factors affecting it, each zone
has been categorized into homocentric circles (city as center) having radius of 2 km. This provides
insight into the location and varying aspects where the urbanization is occurring at numerous levels
with respect to the economic and social prosperity in the prevailing political conditions. Approaches,
such like zones and homocentric circles help in observing the various types of sprawls. For the
analyzes time series data have been used to monitor the density of built-up in each circle.
Subsequently, it facilitates the study of land dynamics and cities, which facilitate in providing required
number of basic amenities and infrastructure to the individuals residing.

3.3 Entropy Modeling

To evaluate the growth of study area, it has been divided into four distinctive zones of homocentric
circle of incrementing radius. Shannon’s model of entropy (Ramachandra et al., 2012; Sudhira et al.,
2004) has been used to recognize the type and formation of growth. Shannon’s Model of Entropy is
given by:

Hi" = -5 pitog o) M

Hi"= spilog(1/pi) @

454 | www.journal-innovations.com



Innovations, Number 67 December 2021

Where, pi indicates the variable (built-up), in that particular zone. The range of values of entropy lies
between zeros to log n. If the values are found to be closer to zero then it shows the presence of
compactness and homogeneity in the growth. Whereas the values closer to log n highlights the
existence of dispersion in the settlement pattern along with heterogeneity of land uses. Shannon’s index
of entropy has been calculated in all the four zones as well as across the homocentric circles
considering each zone as well as homocentric circles as individual spatial unit. If the growth is highly
concentrated in any one circle, then that zone will have the minimum value that is zero. On the other
hand, highest value of index being log n point towards less concentrated growth. Thus, the index
values of entropy have been very crucial in recognizing land transformation’s pattern, if it’s heading
towards compactness, in the future.

3.4 Spatial Metrics

Geo-spatial metrics have been developed for measuring spatial pattern of growth of cities. They have
been very diverse in terms of both their complexity as well as in measuring the specific features of the
urban environment (Reis et.al, 2015). Over the years, the urban forms and types have been studied
using spatial matrices (Ramachandra, 2014; Kasanko et al., 2006; Schneider and Woodcock, 2008;
Herold et al., 2002). The computation of spatial dynamics of urban landscape has been facilitated with
the application of metrics. Urban dynamics have been well understood by the analysis of selected
spatial metrics. FRAGSTATS 4.2 (Marks and McGarigal, 1995) is used to calculate different metrics.

3.4.1 Axea Metrics

It provides insight about the landscape composition and gives detail of area occupied with several
patches of the landscape.

3.4.2 Shape Metrics

It quantifies the configuration of landscape by estimating the shape complexities at different level. To
quantify shape parameter concisely in a metric is not easy. All the indices of shape are based on perimeter
of area ratio and it helps in understanding heterogeneity of patches.

3.4.3 Edge/Border Metrics

It quantifies the length and distribution amount of edge between the patches as well as the
configuration of landscape (Marks and McGarigal, 1995). It provides insight in the fragmentation of the
landscape. The selected Fragstat spatial metrics (Table 2) have been used in the study to analyze the
gradient wise urban growth in the four directions for the year 2001, 2011 and 2017.
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3.4.5 Spatial Metrics
Table 2: Landscape Metrics

Description Metrics generated in Fragstat

Indicator Formula Description
Class Area (CA) CA= Area of a class Class Area show intensity of particular patch type in
Range: CA > 0, without limit landscape. Equals the sum of the area (m2) of all

patches of the comparing patch type, isolated by
10,000. ajj zone (m2) of fix ij.

Number of NP =mn; It denotes the total number of patches of a
patches (Built-up) Range: NP>1 specific category.
(NP)
Percentage of PLAND=P;=}7_, aij (100) It represents the landscape of specific type in
landscape A percentage.
(Built-up) Range: 0 < %Land < 100 aij= area (m?) of patch ij
(PLAND) A =total landscape area (m?).
Patch Density PD =n; (10,000) (100 It is the number of patches of urban patch divide by
(PD) A overall spatial extent.

Range: PD >0
Largest patch LPI = max;_7(aij) (100) Its value ranges from O to 1. LPI approaches 0 when
Index (Built-up) B — the largest patch of the built up patch becomes
(LPI) increasingly small and LPI=1 when the entire

CE: 0 <LPI =100 landscape of the patch type of the built up class.

Mean Patch Size MPS=—2 (10000) It is summation of patches of a particular type
(Class/ N pateh divided by the number of patches in that type
Landscape) (MPS) multiply by 10,000.

Range: MPS>0, without limit
Perimeter Area - - If its value is more than 1 it indicates shape
Fractal Dimension PATRAG = hE el I(ZI“"][E = complexity. %
(PAFRAC) [): M} )

Source: Based on Fragstat 4.2 Handbook

4. Results and Discussion
4.1 Shannon’s Entropy (Hn): Zonal and Gradient Analysis

In the course of time it has been observed, built-up area has increased from 2001 to 2017 mainly
because of ongoing process of urbanization. Shannon’s model of entropy indicates growth process in
cities. The computation has been performed for all four directions i.e., zone wise (Figure 2 A, B, C,
D). For the year 2001, 2011 and 2017 gradient analysis has been performed with homocentric circles
of incriminating buffer zones of 2kms from the center of the city. The process of urban growth across
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the circles of 2 kms (Figure 3, Figure 4 and Figure 5) from the city towards the outskirts for the year
2001, 2011 and 2017 has emphasized intensification and growth of built up surrounding the core area
of the city as well as spreading out from it in the south eastern direction and in the western direction
from 2001 to 2011. From 2011 to 2017, the built-up area in the south eastern and western part has
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continued to increase along with the increase in the north eastern part.
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The process of urbanization in the study area (Figure 6) could be analyzed from the growth in built up

Figure 2 (A), (B), (C), (D): Shannon’s Entropy Direction Wise

area from 2001 to 2017.
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4.1.1 Shannon’s Entropy

Zonal - When the Shannon’s entropy was performed direction wise (Figure 2 A, B, C, D) it indicates
that the sprawl as the entropy have been experiencing in the directions i.e., North-east, North-west
and South-east in the study area where the entropy value has been increasing for the following
directions. The only exception, where the entropy value has decreased from 2001 to 2011 but from
2011 to 2017 is the south west region. The range of values of entropy lies between zeros to log n. If the
values are found to be closer to zero then it shows the presence of compactness and homogeneity in the
growth. Whereas the values closer to log n highlights the existence of dispersion in the settlement
pattern along with heterogeneity of land uses. It has been noticed in the south west zone from 2001 to
2011. On the other hand, decrease in the growth from 2001 to 2017, as evident by the drop in the
entropy value. Subsequently, the entropy value decreased during 2001 to 2011 but it started
increasing from 2011 to 2017 again for the south east zone. Therefore, it could be concluded that
urban patches in the northwest and northeast direction have been getting fragmented.

4.1.2 Shannon’s Entropy: Zonal as well as Gradient

The gradient analysis of Shannon Entropy from the city center across the buffers of 2 kms in the four
directions (Figure 7 A, B, C, D) has been performed. For enabling comparative assessment of the
entropies and growth of sprawl, the computation of Shannon entropy has been performed for the
year 2001, 2011 and 2017. Around the city core (up to buffer C, i.e. distance of 6 kms) the growth
has been very minor, but the increase is clearly distinguishable in the outskirts. The entropy has
increased from 2001 to 2017 towards the peripheries in South east and North east directions. In the
North West direction, the entropy increase is well defined from 2001 to 2011 but from 2011 to 2017,
there has been negligible growth in the value of entropy. The North West part of the study area
contains forests and cantonment areas, which can be a significant factor for its minor growth. The
values of entropy have decreased for year 2017 with respect to values in year 2011 in the circle G
and H. In South-west direction, the entropy in the outskirts of the city has increased from 2001 to
2011 but it has decreased from 2011 to 2017.
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0.2 - "
[7) <) i
So015 - N —e—2001 2 015 2001
S Entropy i 01 - Entropy
g 01 g 2011
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Figure 7 (A, B, C, D): Entropy Gradient and Direction-wise

As a fact that Dehradun in 2000 A.D. became the capital of Uttarakhand could be a reason for this rapid
increase in the entropy from 2001 to 2011 in all the four directions in the city outskirts. Subsequently,
there have been various governments’ policies that aimed to make Dehradun a hub for huge
institutional and commercial activities, ultimately pulling people from adjoining rural areas in
search for better lifestyle and employment opportunities. On the other hand, core of the city has
high land values, which poor people cannot afford. Thus, they opt to live in the peripheral areas
which housing is much more affordable for the poor sections of the society.

Urban planners attempt to formulate city structure in such a way that is both i.e. socially and
environmentally acceptable, which is done by designing a compact structure rather than a dispersed
one. In urban sprawl, working population needs to commute daily from the outskirts towards the city
center and there is high consumption of energy as well as fuel from the vehicles which emits harmful
gases and it deteriorates the physical environment of the entire city. The poor urban sprawl dwellers,
suffers from lack of basic facilities i.e. medical facilities, hygienic conditions and also, becomes a hub of
criminal activities.

4.2 Spatial Metrics

Fragstat software has been used to prepare the Landscape metrics of the study area to more insight in
the growth pattern.

4.2.1 Class Area

For analyzing the landscape composition and computing the areas of a class in hectares class areas
metrics have been used. Direction wise class area metrics has been calculated as well as gradient wise
along various homocentric circles from the city center. There has been an increase in class area from
2001 to 2017. It has been evident that, in year 2017, urban growth is least prominent in North West
direction, while it is more prominent in South east direction.
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4.2.2 Percentage of Land

It indicates the presence of a particular class type in percentage and is called PLAND. To analyze the
growth over the period of time, built-up percentage has been calculated in the study. In 2017, urban
landscape percentage has been higher in the South -East direction and has been least in the North-
west direction (Figure 9 A, B, C, D). But in all the four directions, maximum patch density has been
recorded around the core of the city, in circles
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A
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A B
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To study the growth over the period of time, built-up percentage has been calculated in the study. The
urban landscape percentage has been higher in the South -East direction and has been least in the
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North-west direction in year 2017, (Figure 9 A, B, C, D). But in all the four directions, maximum patch
density has been recorded around the core of the city, in circles ranging from C to E.
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Figure 9 (A, B, C, D): Percentage of Landscape

4.2.3 Number of Patches (NP)

Basic parameter when it comes to record the degree of subdivisions/ fragmentation of the patch type in
a landscape is denoted by this metrics. It illustrates the numeric value of patches of built in the area. A
rising trend for number of patches in all directions from 2001 to 2017, except in South -East direction
where total built up patches decreased from 2001 to 2017, (Figure 10 A, B, C, D) has been observed.
Thus, in South-East direction, since the number of patches has decreased, it could be concluded that
here less land fragmentation has been taking place and the patches have been combining to form a
single compact patch.
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Figure 10 (A, B, C, D): Number of Patches

4.2.4 Patch Density

Patch Density (PD) is an essential indicator of urban fragmentation. It does not provide any informative
aspect about the spatial pattern and sizes of patches. It only consists of numbers but they are of less
interpretative value. There is a direction relationship between number of patches and density of
patches i.e. if the value of number of patches is recorded high then it indicates increase in patch
density. Thus, representing more fragmentation in the city. The similar relationship has been observed
in the study area as well. Where, more fragmentation of the urban patches from year 2001 to 2017 is
observed. But only in south east direction it has decreased, especially in the area lying between circle
C to circle E. In the core city, patch density is low (Figure 11 A, B, C, D), which signifies its compactness
around city center. On the other hand, it has been increasing in the peripheral areas. Hence, indicating
steady increase in the level of sprawl in the city periphery. In south east direction, patch density values
decrease, indicating smaller patches have been aggregating to form a single large patch.
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Figure 11 (A, B, C, D): Patch Density

4.2.5 Largest Patch Index

It indicates dominance which quantifies percentage of landscape of the largest patch. LPI approaches 0
when the largest patch of the corresponding patch type is increasingly small. If the value of LPI is 100, it
shows that there is presence of a single largest patch. In other words, 100 per cent of the area is
covered by that single largest patch. It facilitates in assessing the urbanization process across the year
comparatively. The largest urban patch has been in circle B for the North -East, North -West and South
East direction, (Figure 12 A, B, C, D). Whereas, in the South-west direction the largest urban patch has
been in circle C for all the three years. These metric aids in locating the growth poles over the years.
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Figure 12 (A, B, C, D): Largest Patch Index (LPI)

4.2.6 Mean Patch Size

It is an index of particular class which is in inverse relation to its degree of fragmentation. Thus, more
fragmentation will have lower values of MPS and higher value suggests concentrated city growth. The
circles A and B are having higher values in all direction over the time period in study area and beyond
C the value has decreased drastically, (Figure 13 A, B, C, D). Thus, implying that city center has more of
compact nature due to aggregation, as value of MPS has been more around the city center, thus less
fragmentation.
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Figure 13 (A, B, C, D): Mean Patch Size

4.2.7. Perimeter Area Fractal Dimension

It comes under the category of Shape metrics. It helps in analyzing the shape of urban patches in the
landscape. Its value ranges from 1 to 2. If PAFRAC value is close to 1 it indicates shapes having
simplified perimeters for example square. But if the value is closer to 2 then it denotes complex shapes
having convolution. PAFRAC calculation involves regression analysis, thus it is advisable to use it only
when sample size is not small. The reduction in the value of PAFRAC over time has suggested less
complicated shape of urban Patches and simple perimeter. All the four directions have complex shape
as value for the three-time period has been higher than 1 (Figure 14 A, B, C, D).
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Figure 14 (A, B, C, D): Perimeter Area Fractal

5. Conclusion

The dynamics of Land use and cover indicated the active rapid growth in the built-up area in the study
region from 2001 to 2017. The study region witnessed a rise in the built-up area from 19.64 percent in
2001 to 30.77 percent in 2011 and continued to rise to reach 35.19 percent of the total area in 2017.
Uttarakhand came into valid existence in 2001 as Dehradun its capital which could be a reason for such
a rapid increase. Following this shift in status of Dehradun, there have been various governments’
policies that aimed to make Dehradun a hub for huge institutional and commercial activities. The prime
reason behind the increase of built-up areas in the urban areas is the conversion of vegetative covers
like agricultural land and forest areas.To analyze the process of growth in urban areas methods like
Shannon’s entropy and spatial metrics are used. Over the time period of 2001 to 2017, the analysis
highlighted that the process and its densification have mostly occurred in the surrounding areas of the
city and with the time it has gradually moved towards the outskirts. While comparing the entropy
values of the core of the city and its outskirt areas, the values recorded on the outskirts were
comparatively higher than the core area.

Other classes like crop land and open spaces paid the price in negative terms due to the process of
urban sprawling. To encounter to ill effects of the urban growth on the environmental settings, the
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policy makers and the urban planners have to make appropriate and reliable development plans this
made possible only by analyzing the rapid growth of urban areas. Meanwhile, from the analysis of the
urban area, it has been concluded that there is a substantial rise in the built-up area, which mainly
occur when there is reduction of natural land cover i.e. vegetation, agricultural lands, and it is replaced
by impervious surfaces i.e. roads, buildings etc. Thus, giving rise to sustainable city development
programme which are fulfilled with integrated approach towards planning of available resources.
Dehradun, after becoming the capital of Uttarakhand state in 2000, it has developed as a regional
service center for the entire region of Garhwal, thus, leading to attracting a huge population living
nearby and also from different parts of India as it also started developing as an educational hub.
Therefore, unprecedented growth which taking place continuously from the year 2000, has turned a
boon to the city as several problems have started emerging such as lowering of groundwater table,
overcrowding, chaos, congestion, mass encroachment etc. Thus, the role of the local government now
has a protuberant part to perform in the planning for the development of the city in an organized and
sustainable manner and to provide a healthy and livable environment to the future generations.
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