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An Assessment of Urban Sprawl using GI S and Remote Sensing Techniques:
A Case Study of Pune Pimpri - Chinchwad Area

Abstract

The thesis includes the findings and results ofadrBprawl and Utility
services, carried out in the Pune and Pimpri-Ctamald, Pune district in Maharashtra.

Pune and Pimpri-Chinchwad area lies betweeh 2B3 to 18 42’ North
latitude and 7342’ to 73 57’ East longitude. The study area covers 414.9(kisqg
Pune (PMC) area covers 243.31 sg. km. composedidfgéneral electoral wards
according to 2007 which comes under 14 adminisgatvards of Pune Municipal
Corporation. The city is located in saucer shapesirbat an average altitude of 560
m. above mean sea level. The area surrounded Bhoaffs of Sahyadri hills and
extends from west to east. Pune is slightly holtowthe banks of Mula and Mutha
Rivers on Deccan plateau.

Urban sprawl is defined as the scattering of neweldgpment on isolated
tracts, separated from other areas by vacant l@fd $hekhar, 2005). This result in
increase in the built-up area and related chanmg#®eiurban landuse patterns, causing
loss of productive agricultural lands, forest cowether forms of greenery, loss in
surface water bodies, depletion in ground wateifarguand increasing levels of air
and water pollution; causing environmental probleiifee process of urbanization is
affected by population growth and migration. Infrasture initiatives result in the
growth of villages into towns, towns into citiesdacities into metros involving large
scale migration from rural to urban area. Sprawtassidered to be an unplanned
outgrowth of urban centers along the peripheryités; along highways and along
the roads connecting to a city (Sudhira, et.al, 3200

The PCMC (Pimpri - Chinchawad Municipal Corpora)i@#.4 % recorded
the highest growth of population according to 2@¥nsus in Maharashtra, which is
the part of Pune Metropolitan region. This is maidle to the rapid growth in the
Information Technology sectoral region. Between 11@hd 2001, the growth has
doubled to 62.17 % in Comparison; Pune districtdngsowth rate of 38.58 %, while
the state is experiencing the growth rate of 22 Bkerefore it is necessary to add the
past and present growth trends of these rapidlyvigig cities, for effective urban
management (S. Shekhar, 2005).



For healthy and happy living provision of adequateenities, facilities and
public utility services are essential as they ewgkamfficiency and economic
utilization and time. In order to prepare developimglan for utility planning of a
city, there is a need of good and reliable infororaregarding location of existing
facilities, their accessibility, adequacy and depetent trends in relation to socio —
economic structure of the city.

Pimpri-Chinchwad (PCMC) area covers 171.59 sqg. lommosed of 105
general electoral wards according to 1997 whicheoomder 4 administrative wards
of Pimpri-Chinchwad Municipal Corporation. The PCME€ situated in to the
Northwest of Pune on the Mumbai-Pune National Higyat an average altitude of
530 to 566 m. above mean sea level. The east-wdggt running midway between
Indrayani and Pavana rivers separate this areatwdoparts. The northern portion
gradually slopes towards Indrayani river while gwaithern portion gradually slopes
towards Pavana river.

The precisaim of this present study is to find out urban sprawPune city
and suggest planning to provide utility services. drder to serve this aim,
following objectives have been put forth.
> to study existing landuse/landcover using satalitegery in Pune — Pimpri-

Chinchwad
> to identify various utility services of Pune — Pim@hinchwad area.

» to implement the Utility and Planning for futurédban sprawl in terms of services

In order to understand Urban Sprawl of Pune andpRi@hinchwad, the
methodology adopted for the present study was divided into followinigases.
1. Library work: Exhaustive literature survey of the topic of istigation was
undertaken. Published Literature, Reports wereectdtd from various libraries,
institutes; Govt. departments etc. Besides, usfgyant literatures had also reference
books, Bulletins, Review etc. were studied proaurénternet.

2. Prefield phase: Includes collection of different maps, Satellite aigeries
(LANDSAT ETM+ and IRS P6 LISS Il data were usedn@p the extent of sprawl
for 1980 to 2008), topographical maps. Collectibman-spatial data, utility services
data details were obtained from PMC and PCMC.

3. Fiedld work: This phase includes visit to the study area andriibge areas in

different seasons, GPS surveys, instrumental sapy@yotographs, surveys etc. were



carried out in the sprawl. It facilitated to undarsl the complexities of a dynamic
phenomenon such as urban sprawl, land use chantpas, sprawl pattern.
4. Laboratory work: Includes the digitization of various layers, petion of maps
and other GIS/RS techniques.
i.e, Georeferencing, Digitization, Attribution, Ratattachment, Overlay
analysis, Superwised and Unsuperwised classificatiéinal layouts of
different maps were analyzed.
5. Synthesis of the data, Report writing and submission: The data generated during
the field, and laboratory studies was synthesizgdrpreted and are incorporated in
this thesis.

The Approach:

By adopting the above methodology and with defirdgectives the
entire work has spread over six chapters. The custef all six chapters are
briefly presented below.

First chapter deals with the introduction to the topic, basiccept of
Urban Sprawl, its definition and relation with uttyl services. Occurrence of
Sprawl in general and occurrence of sprawl in Pand Pimpri-Chinchwad
have been also discussed briefly. A major compowénhis chapter is devoted
to the introduction of the study area, criterioms the selection of the study
area, aims and objectives and the literature Surkégrature survey and part
of this chapter deals with the urbanization, uripdanning, urban transport and
utility services. Review of modern techniques anetmodology adopted for the
study is also discussed in detail.

Second chapter comprises the profile of the study area that giges
detailed account of location, extent and aerialezage of the Pune and Pimpri-
Chinchwad in the Pune District, (Maharashtra, Indi®hysiography and
climate of the Pune and Pimpri-Chinchwad. Built-u@nduse, transportation,
communication and population characteristics of tRene and Pimpri-
Chinchwad are also discussed in the last part ef dhapter to know about
socio-economic status of the Pune and Pimpri-Chirazh

Third chapter contains database and methodological approachhier
monitoring and measurement of sprawl in study aMathods are given in the
beginning of the chapter.



Fourth Chapter under the title ‘An assessment of urban sprawk th
LANDSAT ETM+ and IRS P6 LISS Ill satellite data veerused for the
monitoring and measuring the sprawl of Pune andpPi@hinchwad over
different periods of time from 1980 to 1992, 19921999, 1999 to 2004 and
2004 to 2008.

Fifth Chapter focuses on the utility services like transportation
hospitals and educational facilities in Pune anma@i-Chinchwad area.

Chapter six gives the summary, results and conclusions drawm fthe
study. It also focuses on the significance of arlstudies in unplanned cities.
The concluding remarks of the study can be ceryaiaken into consideration
while implementing urban planning, transport plammi utility services

planning at Pune and Pimpri-Chinchwad area
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Chapter |
INTRODUCTION

1.1 Introduction

Food, clothing and shelter are three basic ndEsssf human beings. Among
them clothing is less important. Food and shelkenvever, are almost of equal
importance. With rapid increase in population dgriast 100 years, these two have
emerged as two most important problems before thugety. Security of housing
accommodation has problem in both rural as welludsan areas. Due to rapid
industrialization and consequent large scale mrain migration, housing
accommodation has become an acute problem in afdds. is an attempt to
understand precisely the nature of this problenforEf are being made to solve this

problem at individual as well as at mass level.

The houses are constructed and settlements gpesa to protect themselves
against the vagaries of weather and to enjoy sbfgaln fact, settlement is important
step towards adopting physical environment. Theblpra of rural and urban
settlements has been increasingly probed by ardlogists, sociologists,
ethnographers, economists and geographers. Theyoarever, examined this issues

with different objectives and methodologies.

In ancient period urban settlements originated #men developed with
considering changes in social, political, religicarsd historical conditions. Specific
settlements get benefits from location, climatéefesoil, and water supply etc. Some
settlements have the central place or nodal pladesame settlements are located
along the road sides. These settlements naturatlghg facilities like health, plenty
water, suitable land for settlements and proteetablief from the surrounding area.
The types of settlement develop physical persgnalitthe region and functional
multiplicity. Hence, the initial state smaller $ethents slowly go through the various
stages and evolved into town or city. Burgas4923 has studied the growth of the
city. This study related to the model regardingdizse in city. The concentric zone
model was inductive and based on the number of Amercities in general. This
model consists of six zones away from centre. Tagy&s model is applicable only
to older and larger cities of western or develogedntries. Newer, smaller and
rapidly growing cities do not follow such conceatrzone pattern. This model

excludes wide variety of factors which affect theban landuse. Sector model



suggested that which is an extension of BurgesseMstddied entitled “The structure
and growth of residential neighborhoods in Americaties (Homer Hoyt 1939).
Theory and proposed a new model for the furtherifivadion, namely, the multiple
nuclei model in 1945 both the concentric zone themrd sector theory were based
upon the argument that the city develops aroundgescentre. ((c.f.), Patil S. 2010)

1.2 Urbanization

Urbanization is a process of villages to be dgwetbinto towns and further into
cities and so on. There is no universally accemtefinition of urban settlement.
Different countries adopt different criteria forfahéng the urban settlement. Urban
places are not even similar in character. This lsardistinguished on the basis of
defined demographic characteristic and availabi@structures. In India, criteria of
urban centers are more or less similar to the snggested by the United Nations. In
Census of India (1961) has defined urban center8Pkxes having a minimum
population of 5000 with at least 75 percent of matgkers being engaged in non-
agricultural activities and the density of popuatishould be 400 persons per square
Kilometers”. According to Trewartha, the level ofbanization is defined as the
proportion of urban population to total populati@siding in urban places by shifting
population from village to city and the procesdrahsformation of villages into city
is called urbanization. Urbanization is broadlyidefl as a growth of towns and
increasing ratio of urban to rural population af@untry. The growth of a country’s
towns and cities is conditioned by the natural,necoic and social progress. The
concept of urbanization as a set is related to sh&o-economic process which
implies a shift in focus from the city as a cullumapect to process that leads to the
expansion of cities and generate and diffusing etgnof urban life and culture.
Urbanization and modern civilization go together fo developing stage due to
increasing economic specialization and advanciofgrtelogy. The simplest and most
common definition of urbanization is “Proportion ebpulation living in urban
settlement to total population”. Geographers hawvdied urbanization as a process of
concentration of population in larger human setéatreither through multiplication
or concentrated. However, urbanization is not nyesetlemographic phenomenon. It
has its economic and other concomitant at the damee It is a special concomitant

phenomenon involving the complex process of chamyelving population



concentration, structural transformation and s@sgehological change affecting

both people and places by following dimensions:

) A progressive concentration of people and actisitie towns and
cities, thereby increasing the general scale dese¢nt

1)) A change in the economy of a country or region, nebhg non
agricultural activities become dominant

11)) A change in the “structural” characteristics of plapion (Lower birth
rates, higher death rates, positive migration lzsaretc.).

V) A change in the social , psychological and behaVipatterns of the
people overtime to adopt an ‘Urban Way’ of life. ildrbanism as a
way of life and the spread of urbanism beyond thit lip areas of
towns and cities, thereby inducing rural dilution

V) The transmission or diffusion of change (Econonsocial and
technological) down the urban hierarchy and intaalruareas,
urbanization does not always take the same formgdoes its progress

at the same rates everywhere

Urbanization is regarded as a complex gssclt leads society towards the
industrial and technological enrichment. The undeding of the growth dynamics
of urban settlements at different levels becomes ghimary requirement for any
explanation of emerging pattern. The concept oanidation as a process of change
and transformation is yet in the stage of evolutibrough the verge and more in
developing countries. Urbanization challenges faregnment and city authorities and
struggling for various services for rapidly increas city population. Urban
population brings a critical need to look for nevays? Many strategies to reduce
poverty tend to focus on rural poverty, ignoring ttiffering need of poor urban
dwellers. The need of improve the lives of urbarellisvs has been recognized in the
United Nations. Millennium development goals, whigledge to achieve significant
improvement in the lives at least 100 millions slutwellers by 2020. In India,
urbanization has occupied vital role in economiged@pment of different regions.
Urban development is a direct and immediate cont@e@i/ percent population who
live in towns and cities ‘India lives in huts andttages of olden days. But it also
proved that India has a tradition of urban livimglaown planning which goes back to
3000 B.C. The cities of Indus valley civilizatioMohanjodaro and Harappa, which

flourished in 3000 B. C., were large and well platinThe Indus valley people had

3



attained high standard of town planning and archital signs. Hence, India’s urban
tradition has continued through centuries and dutire ancient period of our history
when there were well planned and beautiful citiesdifferent parts of country.
Patliputra of Chandragupta Mourya, Ujjain of the pis Kannauj, Banaras and
Mathura were some of the great cities found inh®m India. In south India, the
cities were established in medieval period by thalGkya, the Rashtrakut, the Chola,
the Hoysala and others. However, urban traditiorsaith has continued through
Vijaynagar which flourished during the fifteenthdagixteenth centuries to modern
Mysore and Bangalore. It is imperative in modermldithe settlement may develop
continuously by increasing growth of population dadility in urban areas. India is a
developing country showing rapid urbanization. éndas long history of urbanization
in term of absolute number of towns and cities sizé of urban population. India’s
urban population in 2001 was 286 million living towns and cities. The present
urban hierarchy, both administrative and economisinterdependence among cities
and towns have led to the formation of presentmudystem routed in British colonial
era. The urban system has been found to be higstigrted being dominated by large
metropolitan centers leading to hypertrophy likevbai in west, Kolkata in east,
Delhi in north and Chennai in south. The urbanesyshas developed around these
four distinct metropolises in response to its paditeconomic system, transport and

communication and level of economic development.

The unprecedented growth of towns and citieéndia has been a result of
modernization process causing rapid growth of agitice and industry. About 27
percent of India’s urban population was accounte@d01 with 286 million people
nearly as many as the entire population of the Al.$here are areas of high urban
growth which are push created by out migration frmoor rural regions. By contrasts,
states like Punjab, Haryana, Rajasthan, Tamilnddiiar Pradesh and Bihar.
Urbanization is pool created by dynamic urban egman Until 1931 urbanization in
India was slow and halting due to low rate of ecnitodevelopment. India’s level of
urbanization in 1901 was roughly comparable to didtnited States in 1830. Since
1931 the rate of urbanization has quickened an20Bil Census it has increased to

286 million persons.

Today, industry is the most dominant factor dfamzation. It has accelerated
the process of rural-urban migration and the aveatif new and enlargement of

existing urban centers. In a country like India tavel of urbanization is related to

4



the degree of industrialization. Maharashtra Statene of the urbanized states in
India accounting one third of its population lives towns .This stands in sharp
contrast to 16.59 percent of its population livingtowns; at the turn of the twenty
first century. In fact the population living in tow today is more than that of total
population of Maharashtra State in 1911. During leeod from 1911-2001, urban
population of Maharashtra has increased thirte&hénd last two decades are critical
where urban population of the state became doibee than half of the total urban
population of Maharashtra state lives in threedatgwns, viz. Mumbai, Pune and
Nagpur accounts for over 40 percent of Maharashuwgban population. The earliest
towns of Maharashtra State, namely, as PaithamaturKarad and Devgiri were

governed as administrative and defence centers tdutheir strategic location.

Solapur, Barshi lying in Bhima valley, Satara inigkina valley and Nandurbar,
Dhulia in Tapi valley as market centers. Nasik, drampur and Trimbakeshwar are
religious centers. The towns of Maratha were Sa#igirundwad, Kagal, Ichalkaranii,

Miraj, Phaltan, Bhor, Aurangabad, Poona, and Munhtai

Urban geography is rapidly growing sub-discipliok human geography; it
increases rapidly after Second World War. A systargtudy of urbanization is a
recent fact in developed countries. In India, urbamy has attempted by conducting
socio-economic surveys for selected cities. Towampérs have conducted specific
survey in several cities focusing on the developn@emd trends of urbanization in
India. The first review of urban geography was mageAurousseau in 1924. He
commented that urban geography embraces sucheadeaagion of human geography
that it is hardly a specialization at all. Thugjdsting consequence of the problems
involved in identifying urban geography as a systom study. Many Indian
geographers have contributed in the field of urpaography.

In the study of municipal geography one mainly eadirban places and the
problems associated with urban areas. These pretdeenof different types and arise
due to rapid urbanization. Our cities are incregsitt phenomenal rate in other
haphazard manner, particularly during recent decade

The second urban phenomena was associated witmthestrial Revolution’
in the closing half of the nineteenth century, wigw and vigorous dimensions of the
development of urban centers. Towards the end oéteenth century, the world
witnessed an unprecedented swelling in proportich@urban population to the total

population. The economically and industrially adwech western countries faced rapid



growth of urban centers. Today 80% of their popafatives in urban places and in
some western countries and particularly in the U, tBere is also counter
urbanization.

On the other hand, the less developed countries bavan average only 34%
urban population; but they face rapid growth ofamrtcenters, mainly metropolitan
cities, due to economic development and industadibn. It is believed that such
countries will have more than 50% of their popwatiiving in cities at the end of
20" century.

Rapid Urbanization in the world is quite alarminghe developed countries,
as compare to developing countries e.g. Asian casntUrbanization is the process
through which the forests, fertile agricultural dan surface water bodies are being
irretrievably lost, (Pathan, 1991). In India theqemtage of people living in cities and
urban area almost doubled to 27.78% in year 20@ichmvas low when compared to
developed countries. However, the 28.53 crore ugzgoulation living in 27 metros,
396 cities and 4738 towns is more than the totglufaiion of developing and
developed countries. This kind of uncontrolledphezard, low density settlements
leads to Urban sprawl.

Urban sprawl defined as the spreading of new deweémt on isolated tracts,
separated from other areas by vacant land ((cBklsdr, 2005). The result is increase
in the built up area and related changes in tharulanduse patterns, causing loss of
fruitful agricultural lands, forest cover, otherrrits of greenery, loss in surface water
bodies, reduction in ground water aquifers andeasing levels of air and water
pollution; causing ecological problems. The proaafsarbanization is contributed by
population expansion and migration. Infrastructinigatives result in the growth of
villages into towns, towns into cities and citiegoi metros involving large scale
migration from rural to urban area. Sprawl is cdesed to be an unplanned
outgrowth of urban centers along the fringe ofesitialong highways, along the road
linking a city (Sudhira, et.al, 2003).

The current rapid high level of urbanization at \ddevel is relatively a recent
phenomenon. One among six people on this worlditivaedia: After China, India is
the second largest populated country and is pmajetct cross China’s population with
1.5 billion people by 2040. India has more popolatihan all of Africa and also more

than South America and North America put together.



In year 1901, per person out of 10 used to livarlman areas in India, but by
2001, one out of 4 is living in towns and citiesheTurban population in India
increased from 62.4 million in the year 1951 to.28%illion in 2001.
The Maharashtra state is a highly urbanized witd@26 of the population in
urban areas as against 27.78 % at all India |&@h$us, 2001).
As per census 2001 an urban area should have
1. A minimum population of 5000.
2. At least 75% of male working population engaged nion agricultural
practices.

3. A density of population should be at least is 466spns /sq km

The PCMC (Pimpri - Chinchawad Municipal Corporajio®4.4 % was
recorded highest development of population accgrdio 2001, census in
Maharashtra, which is the part of Pune Metropoldaga. This is mainly due to the
rapid increase in the Information Technology diwl section. Between 1991 and
2001, the growth has doubled to 62.17 % in contiaghe district has a growth rate
of 38.58 %, while the state is experiencing thendihorate of 22.5 %. Therefore it is
necessary to add the precedent and nearby groenksrof these rapidly growing
cities, for effective urban management (S. Shel205).

Providing the basic services of civic life, sergcguch as water supply and
sanitation, roads and drains, street-lights, cbbacand disposal of solid waste,
maintenance of public places, burial grounds andmatoria, cattle pounds,
registration of births and deaths, maintenance afkets have long been seen as the
function of municipal bodies. In addition, they foemed certain regulatory functions
relating construction of buildings, public Healtleas such as eating places, slaughter
houses and tanneries, etc.

For healthy and happy living provision of sufficiesommunity facilities and
public utility services are essential as they ewgkamfficiency and economic
utilization of time. As a matter of fact, there wade gap between the resource
availability and resource need which is reportedile to the permanent arrival of
rural population to urban centres. As a result, #teessible infrastructure gets
burdened. One of the major reasons leading to imatian to these big cities is the
lack of services in small and medium towns. In ortte control such migration,

Government has undertaken the Integrated DeveloproerEmall and Medium



Towns (IDSMT) project. Under the project communiagilities and public utility
services have been considered as the most necessappnent of urban life. In order
to prepare development plan of a city, there isedrof good and reliable information
regarding location of existing facilities, theircassibility, adequacy and development
trends in relation to socio-economic structurehef tity. The process of planning for
urban areas involves use of both spatial and natigdplata. Planners need updated
accurate maps and other critical information toppre useful development plan. In
this context, Geographic Information System (GI%s hemerged as the central
component in the world's environmental informatstructure and it will continue to

play a fundamental (primary) role in the ensuingadkes.

1.3 Conceptual Framework: Urban Sprawl

The urban sprawl means the urban settlementsdspoeerds the rural fringe,
i.e., growth of built-up area outside the city limi In India major metropolitan cities
are already saturated due to large scale migraifopopulation. Many big urban
centers are facing problems of congestion of aiiyecand in some cases decay also
due to saturation within the proper city or theamhimits. This results in pressure on
the cities. Fringe areas and nearby villages wimre serging and become part of the
city due to the process of suburbanization. Thedrapowth of population and
congestion of the core areas strength of middlsscteeople to settle along the fringe
areas and urban sprawl starts, i.e., the outwamadp of cities. Slowly the
surrounding villages are absorbed and the spramthduextends outward into a new
fringe area, which is a continuous process of esjoanof cities. The suburbanization
in many Indian cities started with newly added sitial and commercial functions.
The cities have developed haphazardly without prgganning, because planning
was introduced only after the conditions startelhizn

Urban sprawl is defined as the physical pattern of low dendigyelopment
of large urban areas under market conditions inéosurrounding agricultural areas.
Sprawl life in advance of the principal lines ofban growth and implies little
planning control of land subdivision. Developmenpatchy, scattered and strung out,
with a tendency to discontinuity because it lea$r over some areas, leaving
agricultural enclaves. Its three major forms ame ttensity, continuous development,

ribbon development and leap frog sprawl.



Causes of Urban Sprawl - the process of urbanisation is moderately
contributed by population growth, migration anchportation initiatives resulting in
the growth of villages into towns, towns into citiend cities into metros. However, in
such a fact for economically feasible developmetdnning requires a kind of the
growth dynamics. Nevertheless, in most cases tlaeeelot of inadequacies to
ascertain the nature of uncontrolled progressionudfan sprawls. Sprawl is
considered to be an unplanned outgrowth of urbatreg along the periphery of the
cities, along highways, along the road connectingjtyy etc. Due to lack of prior
planning these outgrowths are devoid of basic atesniike water, electricity,
sanitation, etc. condition of certain transportatitacilities like new roads and
highways; fuel such sprawls that ultimately reguiinefficient and extreme change in
land use affecting the ecosystem. With respect e tole of technology in
urbanisation, has illustrated a new linkage betweaesnsport infrastructure
development cycles and spurts in urbanisation. tib&astructure development is
doubtful to keep pace with urban population develept.

Human Causes of Land-Use Change - Land use is obviously constrained by
environmental factors such as soil characteristicémnate, topography, and
vegetation. But it also reflects the importancdanid as a key and finite resource for
most human activities including agriculture, indystforestry, energy production,
settlement, recreation, and water catchments amdgg. Land is a fundamental factor
of production, and through much of the course ahéan history, it has been tightly
coupled to economic growth (Richards 1990). Assulte control over land and its
use is often an object of intense human interastion

Human activities that make use of, and hence changgintain, attributes of
land cover are considered to be the proximate ssuwtchange. They range from the
initial conversion of natural forest into croplatal on-going grassland management
(e.g., determining the intensity of grazing ane firequency) (Schimel et al. 1991,
Hobbs et al. 1991; Turner 1989).

Such actions arise as a consequence of a veryratigge of social objectives,
including the need for food, fiber, living spacedaecreation; they therefore cannot
be understood independent of the underlying driviogces that motivate and
constrain production and consumption. Some of thaseh as property rights and the
structures of power from the local to the interoiadl level, influence access to or

control over land resources. Others, such as pbpulalensity and the level of



economic and social development, affect the demtratswill be placed on the land,
while technology influences the intensity of extion that is possible. Still others,
such as agricultural pricing policies, shape lasd-wecisions by creating the
incentives that motivate individual decision makers

Interpretations of how these factors interact todpce different uses of the
land in different environmental, historical, anccisd contexts are controversial in
both policymaking and scholarly settings. Furthemmahere are many theories
regarding which factors are the most important meiteants. Particular controversy
arises in assessing the relative importance oflifierent forces underlying land-use
decisions in specific cases. For example, appahgntand degradation could be the
result of overgrazing by increasingly numerous gsoaf nomadic cattle herders; an
unintended consequence of a "development" inteimersiuch as the drilling of bore
holes which increases stress on land close to #tis;ver the political clout of groups
that, through governmental connections, are abtevés-exploit land belonging to the
state or local communities (Pearce 1992; NERC 1982ntifying a particular cause
may have implications for the rights of competirgiugroups or the formulation of
policy responses.

Land use is the way in which, and the purposes for whichmbn beings
employ the land and its resources: for examplenifag, mining, or lumbering. Land
cover describes the physical state of the landasarfas in cropland, mountains, or
forests. The term land cover originally referredtite kind and state of vegetation
(such as forest or grass cover), but it has brcaetlém subsequent usage to include
human structures such as buildings or pavementatiner aspects of the natural
environment, such as soil type, biodiversity, amdexe and groundwater.

Land cover is affected by natural events, including climatariation,
flooding, vegetation succession, and fire, all ¢fictr can sometimes be affected in
character and magnitude by human activities. Btibalily and in India, though, land
cover today is altered principally by human useapyiculture and livestock raising,
forest harvesting and management, and construdftoere are also incidental impacts
from other human activities such as forests damdmyedcid rain, from fossil fuel
combustion and crops near cities damaged by tréy@ogp ozone resulting from
automobile exhaust.

Information on the spatial spread and monitoring ttynamics of the land

use/land cover is the basic prerequisite for plagnand implementing various
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developmental activities. Apart from this, natiord& land use information becomes
important room the point of view of addressing afing pattern in land use/land
cover and also an overall reporting on the natitarisl use/land cover scenario.

Urban Land Use Suitability - Identification of suitable land for urban
development is one of the critical issues of plagniThe suitability of land for urban
development is based on a set of physical parameted economic factors. The
cumulative effect of this factor determines therdegof suitability and also helps in
further categorizing of the land into different erd of development. The assessment
of the physical parameters of the land is possilyleanalyzing the land use, soll,
slope, geology, flood hazard, physiography, distafrom the road network and
railway stations etc. and which very much amenabl&IS analysis. However the
assessment of physical parameters gives an id&iith of the limitations of land for
urban development. The concepts of limitation @gegved from quality of land for
e.g., if the slope is high the limitation it offeis more than for a land, which has
gentle slopes or a flat terrain. Practically thiswd mean that the development of
high slope land would require considerable inptiisafice, man power, materials,
time etc.) and thus may be less suitable as agtiesflat land where the inputs
required are considerably less. This concept & fiou all the land parameters that are
assessed. In this particular study 10 such phygaemeters have been considered
for analysis, which are mostly accepted by urbammpérs. The parameters are soil

depth, soil texture, slope, land use, flood hazarsion hazard

1.4 Need of the Study

In industrialised countries the future growth obam populations will be
moderately humble since their population growtlesaire low and over 75% of their
population already live in urban areas. Converseégueloping countries are in the
middle of the transition process, when growth rades highest. The exceptional
growth of many urban agglomerations in many devieppountries is the result of a
threefold structural change process: the transitiaway from agricultural
employment, high overall population growth, andréasing urbanisation rates.
Sprawl is seen as one of the potential threatsu’foh development.

Normally, when rural pockets are linked to a city & road, in the initial
stages, development in the form of service cergueh as shops, restaurant, etc. is

seen on the roadside, which eventually become tite of trade and industry
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activities leading to sprawl. In time a major ambof increase could be observed
along these roads. This type of upsurge caused tmac system between urban /
semi-urban / rural centres is very much establistied constant at most places in
India. These regions are devoid of any infrastmgtsince planners are unable to
visualise this type of growth patterns. This growsh normally left out in all
government surveys (even in national populatiorsag)j) as this cannot be grouped
under either urban or rural centre. The invesbgapattern of this kind of growth is
very crucial from regional planning point of viea provide basic amenities in these
regions.

The study of this kind reveals the type, extent aature of sprawl taking
place in a region and the drivers responsible f@ growth. This would help
developers and town planners to project growthepadt and facilitate various
infrastructure facilities. In this direction, anteahpt is made to identify the sprawl
pattern, quantify sprawl across roads in termshafn®on'’s entropy, and estimate the
rate of change in built-up area over a period Withhelp of spatial and statistical data

of nearly three decades using GIS and remote gensin

1.5 Significance of the Study

Advancement of information technology has provideide arrays of new
digital tools that can support the generic actidfygeographical analysis and urban
modal. In spatial decision-making and designingparticular, these tools support
different stages of the process which involve ragd effective storage and retrieval
of information, various kinds of visualization taform survey and analysis, and
different strategies for communicating informati@nd plans to the affected
community (cf. S. Shekhar, Delaney, 2000).

Ever since our culture came to form urban agglotrmrs, there has been a
stable expression of interest in the study of udzion. Yet in geographic studies,
urban geography has been regarded as less topicaimparison to the other more
recognized fields (cf. S. Shekhar, Carter, 1995).

This can be explained partly by the nature of uitstion that comprises a
number of fundamentals from landscape modal tespartation networks to various
socio- economic exchanges. In addition, as eadmesie plays its own role in the
formation of urban structure, every city possessasique structure with its own

momentum, presenting entities that are occasionalfjarded as too diverse for a
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single topical study. Nevertheless, “geography o¢ about the precise analysis of
particular service areas... it is more concerneth whe ways in which these
relationships are reflected in the functional artd/gical structure of the town”
(Dickinson, 1959).

This facility will aid management of public utilgs like Hospital utility
information, water supply, drainage, sewage systerags, drains, streetlights etc.
These facilities can be applied to town plannindiesces, urban and estate
management and property tax- related matters. Tdre important components of the
new maps will be the precise pinpointing of the evagupply pipes; sewage drains
that cover the city. It will also help in betteatisport management of the city. The
urban resource information system is a step towdrdsseful during emergency
services like since all information is brought arduhe hot spots with the click of a
button. The most beneficial amongst all departmeangsthe roads and building and

town planning.

1.6 Scope of the Study
GIS is an effective and efficient tool to displayore, analyze and retrieve (at
will) spatial and non-spatial data. GIS supports gradation, modification and
extension of information as and when necessarye Pufiormation System is such an
outcome that can be utilized effectively by anysperto gather information about
different types of facilities and/or services inyameighborhood/ward within PMC
limit. It would support one’s decision-making atyjlthrough accessing geographical
location and its attribute data.
Common man can make a decision fixing a wide rarfigpieries such as
* Where are suitable locations for buying a new hoarmesidering municipal
water supply?
* What are timings and ticket rates for a movie sirodifferent theaters?
* What are the sites he can visit in a day in gageneighborhood?
« What is the shortest path from a fire station tacketo a place of fire

incidence?

This study is an example of the information systemd can be applied to other
metropolitan cities in India. This can be an edfit database in a GIS platform for

administrators and town planners to assess theuadgf and identify potential
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areas for allocation of the given facility like st or hospital. However project deals
with only selected facilities in the study areauelo time constraint data acquired is
not complete in all respects, only certain impdrtatiributes were taken into
consideration. Further the coverage of databaseni,ed to PMC and PCMC area
only. This project can be expanded depending om ane administrative jurisdiction.
Information in the existing modules i.e. Post d@fieolice Station/Fire Brigades &
Hospitals can be upgraded and additional facilites be included accordingly.
Resident of any large urban area always needsniafiton and timely availability of
emergency services like police, hospital, fire &dg & support services like post and
communication. The present study develops an irdtion system within PMC and
PCMC area for utility services. The informationadailability is essential in case of
civic emergencies. A user can identify and selleese services depending upon his
needs for personal security and medical support.

The generated datasets has been integrated intérbem Resource Information
System, which will provide an effective managemteal for utilization of the urban
resources. Such type of study has following tydaditties.

a) Monitoring horizontal sprawl over different periodftime.

b) Generation of utility database for emergency plagni

¢) Urban planning, including town planning

d) Study of landuse/landcover

e) Application of advanced GIS and Remote Sensingnigcie to monitor the

sprawl using temporal remote sensing data

1.7 Satellite Data Based Urban Land Use Inventory

Multi-temporal and repetitive satellite data offenique opportunities for
mapping and monitoring as well as assessing sontleeaélements of urban core, its
dynamics and the resultant urban structure. Theptmiiiies and elements of urban
dynamics as well as the required satellite dataacheristics are controlling factors in
urban inventory and analysis. With careful analysisl assessment of satellite data
capability, and also with the experience gainedubh earlier studies with IRS
satellite data, this study is limited only to thelideation of major classes in urban
core as well as urban sprawling trends.

Satellite data based mapping and monitoring haswits limitations in terms

of monitoring the elements of urban dynamics. Atyvaoarse or preliminary level of
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mapping using the satellite data would be delinatabf built-up space, vacant/open
spaces, recreational zones, industrial sites aner @merging suburban zones. The
nature and interpretability of satellite land ddéxides the accuracy levels as well as
the possible constraints in identification of urdaatures. Very fine resolution in the
order of 5 meters will enable us to map urban lases in level 11l or more (Welch,
1985). This attempt of delimiting the sprawling stis is to identify the zones of
growth as well as the emerging suburban land useh ss developing in
industrial/residential cluster and dynamism in tureban fringe agricultural areas.
These thus help in identification of typical an@ a®nes and its territorial association
to its urban core of the region shall enable toveethe emerging spatial urban
structure. This process of evolution with referetiw¢ime and space forms essential

component of the current dynamic phenomena of usbaicture.

1.8 Selection of the Study Area

Pune city and Pimpri Chinchwad in India are growatga very fast rate,
acquired a complex urban structure over the yés. central part or the core has
gone through unusual changes in terms of socialpagdical transformations. For a
comprehensive study it is imperative to select kalids of civic facilities and
emergency services, required for urban areas cemsigd Road network. However,
due to time constraint, it was not feasible; hemcéhe present study emergency
services such as hospitals, Solid Waste ManagerSeatyage, fire brigade services,

police stations and postal service have been select

1.9 Aims and Objectives of the study
Aim: The precise aim to this present study is to finduwban sprawl in Pune city and

Pimpri-Chinchwad in India, suggest planning to jpdewitility services.

Objectives

1) To study existing land use/land cover using varsatellite imageries
2) To identify various utility services
3) To implement the utility and planning for futureban sprawl in terms of

services
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1.10 Role of Remote Sensing and Geogr aphic I nformation System

The 19th century witnessed a trickle of urban@atand the emergence of
metropolises. Control the world’s urban developmast crucial for future of
humankind. This rapid and haphazard growth of urls@mawl and increasing
population pressure is resulting in loss of protkgctgricultural land and loss of
surface water bodies, green open spaces, besidsimgair pollution, health hazards
and contamination of water.

Geographic Information System (GIS) is a poweskt of tool for collecting,
storing, retrieving, transforming and displayin@sal data from the real world. It has
an ability to assimilate divergent sources of dawéh spatial and non spatial. GIS
allows the user to integrate database generated frarious sources on signal
platform and analyze them in a spatiotemporal dom&ilS provides support in
resource management and decision making (Burrdl6).

The term GIS comprises Three integrated parts.
» Geographic - Geographic of the world, the spatial realite geography
* Information - Data and information, their meaning and use

e System - The computer technology and support infrastructur

Although GIS has three parts, information is itatieWithout "I" information

"G" and "S" are unrelated. Different people defir@®lS, according to its capability
and purpose for which it is applied A very briefsdaption of GIS is that it is a
computerized system (tool) that deals with spaifa non-spatial data in terms of
collection, storage, management, and retrieval @f wonversion, analysis, and
modeling and display. GIS accepts data from mleltgpurces which can be in a
variety of formats. In other words GIS is veryxilde in the types and structure of
data. GIS is used by various disciplines as aftmadpatial data handling. Depending
on the interest of a particular application, a G¥& be considered to be a data store, a
tool, a technology, and information source or soéern India major development has
occurred in the last decade with significant cdmittion from Department of Space,
which emphasized the GIS application for Nationes®urces Management. Recently
commercial organizations have realized importanfc&I& for diverse applications
and many GIS based projects are in operation acaptd the requirements of user

organizations.
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The modern technology of remote sensing which ohetuboth aerial as well
as satellite based systems, allow us to collecofigthysical data rather easily, with
speed and on repetitive basis, and together with i@&Ips us to analyze the data
spatially, offering possibilities of generating wmars options (modeling), thereby
optimizing the whole planning process. These infition systems also offer
interpretation of physical (spatial) data with atlsecio-economic data, and thereby
providing an important linkage in the total plarmiprocess and making it more
effective and meaningful.

The satellite remote sensing and its ability tovjgte the accurate and reliable
information to making map measure and monitor tleious facts of urban
development. When Geographical Information SystBemote Sensing and Global
Positioning system coupled then it becomes a veryepful tool for planning and

making the maps.

1.11 Literature Review

C. D. Deshpande (1975) has observed this procebdia in the following
forms, i) The rural fringe or the periphery alongigh the city starts sprawling, ii)
The ribbon development along the main roads, rgili@es and beaches, iii) The
centers of the planned rail-linked suburbs and tgpansion, iv) The working class
migrations to industrial centers, v) The shantyrisvand strip slums. A city region
develops in stages 1) Rural-Urban fringe 2) Urbgwa®l 3) Suburbanization.
Suburbanization is a result of over congestiorhadore of city and high land values
in the central localities (cf. Latkar S. R. 1993).

Sokhi & Rashid (1999) studied the landuse and laweic mapping in urban
areas using areal photographs and satellite imegyesf Jaipur (1983 & 1989),
Coimbatore (1984), Ujjain (1985), Delhi (1987), Datun (1989), Banglore (1994)
and Jammu (1995), on the basis of urban sprawlysisabf these cities they
concluded that human settlements are tend to exaatl directions of favorable
conditions. In another case Raju (1999) used land&s, SPOT and LISS Il satellite
data for mapping urban landuse and urban sprawldfabad and Vishakhapattanam
cities in Andhra Pradesh. Prasad et.al (2001) wbrke urban sprawl! for Hydrabad
city and its environs. They applied Shannon’s gitrapproach to measure the degree
of spatial concentration of geographical varialilesy demonstrated the utility of
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entropy approach to identify, measure and monpatie temporal patterns of urban
sprawl.

Ramchandra and Jagdish (2003) studied urban sprattidrn and modeling
using GIS on Udupi and Manglore highway accordmthem pattern of urban sprawil
and analysis of spatial and temporal changes cbaldione cost effectively and
efficiently using GIS and Remote Sensing data, tipegntified the urban sprawl in
terms of change in Built-up area.

Rosero and Bixby (2004) used traditional measurésnehaccess based on
the distance to the closest facility and proposechaxe comprehensive index of
accessibility that results from the aggregatioralbffacilities weighted by their size,
proximity and characteristics of both the populatmd the facility.

Sulochana Shekhar 2005, studied Changing space uak P- A GIS
perspective with urban sprawl pattern and modalsigg GIS on Pune city according
to her pattern of urban sprawl and analysis ofigpand temporal changes could be
done cost effectively and efficiently using GIS aRe&mote Sensing data, they
quantified the urban sprawl in terms of change uiltBip area. Abundant references,
research papers can be ahead on urban sprawlisisttidy tried to analysis civic
amentias in the different wards of the pune city.

Saikh Moiz Ahmed (2006). Studied solid waste manag® planning of

Aurangabad city he analysis the how collect andagament of solid waste material.

Paul Langlois (2006). A GIS approach for evaluatmgnicipal planning
capability: residential built form in Markham andadghan Ontario. This research
describes a methodology for measuring built fortgpas using spatial data and GIS
that is amenable to the study of large geograplaicss. This methodology was used
to investigate the capability of municipal planning influence residential
development. In the early 1990s, the Town of Mamkh®ntario, Canada adopted a
residential development philosophy inspired by Néwbanism. An adjacent
municipality, the City of Vaughan, has employed a@nwentional development
approach. By calculating several built form measuderived from the design
prescriptions associated with New Urbanism, thislgiseeks to discern if Markham’s
adoption of an unconventional development philogopas resulted in a residential

built form distinct from that in aughan.
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Rudraiah developed (2006) "Systematic Land InfoionaBystem’ (SLIM) for
Kanpur town as a management tool for strategicrugdanning as well as real estate
management highlighting the need of physical plesinfor various types of
topographical maps. Objectives of the SLIM as regmbwere to conduct the modern
ground surveys using latest tools and technologlypeepare topographical maps with
cadastral information on 1:1000 scales.

Suman Rao (2007), emphasized the significancenobte sensing as a source
of information and GPS and GIS as powerful techgiele for analyzing spatial and
non-spatial data in urban facility analysis. Shepared location maps for selected
urban facilities and services available in DehranOia identify service areas of
different facilities. This would form inputs for gparation of comprehensive
development plan of the city. This would guide sleevice providers to identify areas
for future expansion and location of those fa@éstiand services. The study also
included calculation of indices for ward wise leyealf facilities available to the
population of Dehra Dun city.

The cities are growing in all directions resultimglarge-scale urban sprawl
and changes in urban land use. The spatial patfesach changes is clearly noticed
on the urban fringes or city marginal rural ared#isan in the city centre.
Unconsciously this is resulting in increase in lthét up area and related changes in
the spatial urban land use patterns causing logsuitful agricultural lands, forest
cover, other forms of greenery, loss in surfaceewabdies, diminution in ground
water aquifers and rising levels of air and wattypion. Further, it is widely agreed
that disintegration of land use is also harmfubiological conservation. There is a
demand to regularly observe such changes and glissim the processes for taking
helpful and corrective actions towards a planned lagalthy development of urban
areas. In the recent times, Remote sensing dating widely used for mapping and
monitoring of urban sprawl of cities. The spatiattprns of urban sprawl over
different time periods, can be scientifically magpmonitored and accurately assess
from satellite data in company with conventionabugrd data. In the present study
‘Entropy Approach’ for studying the urban sprawlttpens of Pune Municipal
Corporation (PMC) and Pimpri-Chinchwad Municipal r@aration (PCMC) over
different time scales has been attempted in theeptestudy. Further, the use the GIS
for quantifying the urban sprawl trends at varidaisd use sites, viz., commercial,

industrial, residential sensitive and mixed zorsealso attempted.
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Abundant references, research papearsbeaahead on urban sprawl. But it
was the author’s observation that very few schdtas worked out on services and
facilities, the city is providing. Few scholars Bra&d neighborhoods analysis of
some regular services such as shopping plazasadgenarket places or the shortest
path leading to have some important goods and caiti®s.

In this present work author has emphasized on udgmawl and utility
planning for the cities grown up/ peripheral ardaicl is lacking in various utility

services.

1.12 Conclusion

This chapter deals with the introduction to theidppasic concepts of urban
area, urbanization, urban Sprawl, and its defingjaand relation with utility services.
This chapter deals with recent trends at globdipnal, and state level. Occurrence of
Sprawl in general and occurrence of sprawl in Ramge Pimpri-Chinchwad have been
also discussed briefly. A major component of thisamter is devoted to the
introduction of the study area, criterions for g®&dection of the study area, aims and
objectives and the literature Survey. Literaturevey and part of this chapter deals
with the Urbanization, urban planning, Urban Tramsand Utility Services. Review
of modern techniques and methodology adopted ferstndy is also discussed in
detail.
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Chapter 11
STUDY AREA

2.1 Introduction

Pune’s origins can be traced small agriculturatleseent called ‘Punyak’ in
8" century A.D. In mid 18 century, Pune became a seat of ‘Peshava’ thescirbe
a predominantly market place and mixed landuse giexii Pune’s political
importance diminished with defeat of Peshva’s ia Hattle of Panipath in the year
1761 and finally after defeat of Maratha’s. Poétitortunes of Pune came in hands of
British in year 1818. Under British rule Pune Mupality came into existence. Today
it has three cantonment areas which are within geegraphical limits of Pune
Municipal Corporation (PMC). The head quarter outhern Command and Indian
Army is situated in Pune.

After independence, until 1960, Pune’s socio-caltlife was dominated by
intellectuals, writers, scholars. By 2000 A.D. Pumas taken lead in engineers,
software, automations, automobiles, machines & inachiools and electronic
industries.

Alongside, Pune has been functioning as one ofetigines powering the
Indian economy. The Mumbai-Pune corridor has enterge the most vibrant
economic belt of the nation. Pune has capitalisedsostrategic positioning, its close
proximity to India’s commercial capital Mumbai. Thredustrial development in Pune
began in 1953 with the establishment of Hindustamtibotics at Pimpri and
Kirloskar Engines at Khadki. In later years, sel/ether establishments followed.

Pimpri-Chinchwad is situated towards the northed$tune and 160 km. from
Mumbai. The city of Pimpri-Chinchwad is predomirgrdn industrial area, which
has developed largely during the last four decadespri Chinchwad is a relatively
newly developed urban area of Pune city. Pimpri bascally established as a centre
for refugees from Pakistan. Industrialisation irmpii area commenced with the
establishment of Hindustan Antibiotics Limited i®56. The establishment of the
Maharashtra Industrial Development Corporation (K)0On 1961-62 considerably
facilitated industrial development in the area. Hstablishment of large-scale core
industries has led to the growth of ancillary anmthl-scale industries in and around
this industrial belt. With each passing year, thedscape saw significant changes,
long stretches of farmland giving way to clustef®nclosed factory campuses. Just

as the manufacturing prowess of Pune is well dootedeand acknowledged, it is
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difficult to ignore that the first Software Techogly Park (STP) of India had its home
in Pune. Pune has emerged at the forefront of tidgam software technological
revolution that has changed the business dynamicshe service industry of

developed economies.

As industry developed and the employment baseneidiemigrant population
from all over flocked to Pune. Pune witnessed twme$ of immigration — that of
impoverished rural laborers and highly qualifiedfpssionals from other states. Pune
is now no longer regarded as a pensioners’ havejustran administrative and
educational centre as before; it has transformidaryoung city with more and more
professionals flocking into the city. These chanfgb to urban development in a
ribbon form around the city along its eripherieeeTdemographic profile of Pune too
acquired a cosmopolitan touch as the city’s aml@emanged from sedate to upbeat.

It is not surprising that in the early 18th cenfumhen Pune was under British
control, the city was barely 5 sq. km. in size. &pdt has catapulted to emerge as the
eighth largest city in the nation. In 2005, they aiheasured 243.9 sg. km. with a
population of close to 30 lakhs. Pune has had @ogi® past and has been successful
in developing a good balance between industry, ieesy education and cultural
activities. Few cities can boast of such an emipasitioning in diverse aspects of

modern day life.

2.2 Pune Municipal Corporation (PMC)
Established in 1950, PMC is governed by the BomBeyvincial Municipal

Corporation (BPMC) Act, 1949. As per this Act, PNKCobligated to provide basic
infrastructure like water supply, drainage, sewerand roads and services such as
conservancy, fire fighting, streetlights, educatom primary health.

The administrative wing of PMC is divided into 14mds, each headed by a
ward officer. The total strength of officers andptayees at PMC is about 16,731, as
against the approved employment level of about867,9
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2.3 Pimpri Chinchwad Municipal Corporation (PCM C)

The origin of Pimpri and Chinchwad can be traceadkb#o two rural
settlements situated on the outskirts of Pune.pRi@hinchwad is a newly developed
urban area of Pune city and was basically estadisis a centre for refugees from
Pakistan. Industrialisation in Pimpri area commenedgth the establishment of
Hindustan Antibiotics Limited in 1956. The estabhigent of the Maharashtra
Industrial Development Corporation (MIDC) in 1962-&onsiderably facilitated
industrial development in the area. In the lase fdecades, Pimpri-Chinchwad has
developed as a major industrial centre and is htwrarge industrial conglomerates
like the Tatas and Bajajs as well as other largikamand multinational companies.
The presence of large-scale industries has spawmeddevelopment of a large
ancillary sector, particularly Small and Medium &mtrises (SME) and Small Scale
Industries (SSI). The city provides employmentrtdustrial workers and of late has
emerged as an affordable urban destination forlémst residential purposes. In order
to plan, manage and regulate development the Ri@tprichwad Municipal council
was formed in 1970 by merging four villages, nam@lgnpri, Chinchwad, Bhosari
and Akurdi, which led to the upgradation of civie lin the in the area.

In order to meet the problems of rapid industzegtion and the resulting need
for better infrastructure and basic facilities, thene Metropolitan Regional Planning
Board suggested the establishment of Pimpri-Chiachmew township at distance of
approximately 15 kilometers from Pune city. The mabjective was to create a
planned environment for the working populationhie vicinity of their work place.

The chronology of events, which led to developmeft Pimpri and
Chinchwad are as follows:

a) 1975 — Status of Municipal Council was changed ft@htlass to ‘A’ class

b) 1982 — formation of Municipal corporation by mergiseven surrounding villages
in the Municipal Council, Sangavi, Rahatni, Thenga®akad (part), Pimple
Nilankh, Pimple Gurav, Pimple Saudagar and PCNTB#aaovering a total area
of 86 sq. km.

c) 1997- Further increase in the area of PCMC addBigdw villages (extended
area of 84.51 sq. km.), thus leading to a total@.51 sg. km. area under the
command of PCMC.
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The Pimpri-Chinchwad area is the most developedstral belt in the state of
Maharashtra. It accommodates some of the mosteépndustrial companies of the
country such as Hindustan Antibiotics, Telco, SB@&jaj Auto, Philips, Alfa Laval,
Bajaj Tempo etc.

The establishment of Hindustan Antibiotics and MID@rked the beginning of
industrialization in the area. State governmentaharashtra strict the expansion of
industries in Mumbai and Thane coupled with the ilalbdity of necessary
infrastructure facilities for industrialization, éhPimpri-Chinchwad area attached
national and multi- national companies to setumldsthments along rail corridor.
Due to rapid growth of industries in this area ¢hesas a pressing need to cope with
the demands for housing, social and physical itnature and other amenities. In the
transport world this part of Pune metropolis is n@wognized as the Auto Nagar or
the Detroit of India due to the presence of sevawbmobile ancillary units. Rapid
increase in the population of PCMC and presencexisiing basic services is a major

consequence of its development and industrialiaatio
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2.4 Location and Extent (PMC & PCMC)

Pune and Pimpri-Chinchwad lies betweefi23 to 18 42’ North latitude and
73° 42’ to 73 57" East longitude. The study area covers 414.9kisg Pune (PMC)
area covers 243.31 sq. km. composed of 144 gepézedoral wards according to
2007 which comes under 14 administrative wards wiePMunicipal Corporation.
The city is located in saucer shaped basin at arage altitude of 560 m. from mean
sea level. The area surrounded by offshots of Shidls extends mostly from west
to east. Pune is slight hollow on bank of Mula dutha Rivers on Deccan plateau.

Pimpri-Chinchwad (PCMC) area covers 171.59 sq. damposed of 105
general electoral wards according to 1997 whicheoomder 4 administrative wards
of Pimpri-Chinchwad Municipal Corporation. The PCME€ situated in to the
Northwest of Pune on the Mumbai-Pune National Higyat an average altitude of
530 to 566 m. from mean sea level. The east-wdgerrunning midway between
Indrayani and Pavana rivers separate this areatwioparts. The northern portion

slopes towards Indrayani river while the southeortipn slopes towards Pavana river.
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2.5 Physiography

PMC and PCMC are situated on the banks of MulathuPavana and
Indrayani Rivers, at an average altitude of 53056&m. above mean sea level.
Nested in the picturesque Sahyadris (Western Ghass) 150 km. southeast of
Mumbai, the study area is situated near westerigimaf the Deccan Plateau, and on
leeward side of the Western Ghat crest. Mumbaistage capital of Maharashtra is
just at distance of 160 km. from Pune by road. PCAM€a is having two Rivers, R.
Pavna and R. Indrayani traverse the northwest otgsk Pune. The Mula and Mutha
Rivers latter empties into Bhima River. Thus th @ located in upper Bhima basin.
The city is surrounded by hills on west and soutle.sThe highest point within the
city is located in Wetal hill whereas highest paimintains the height of surrounding
is of Sinhagad fort situated 20 km. west of thg.cit

Contour map (Fig. 2.4) of the study area showsgdetle slope in central,
East and North side, contour interval between 2sliare very high it shows low
gradient of the area and the southern and wesigenb®coming steep due to high
elevation of the surface. The distance betweenderdour lines is less in northern
side as compared to southern side. The trend oatb® increased from north to
south and from east towards the western side.

The Triangulated Irregular Network (TIN) is genedhfrom contours, shows
elevation information. TIN is used to study theface topography of the study area.

Fig. 2.5 shows the TIN of the PMC and PCMC. From tiep one can easily
make out that the general trend of slope is fronstte East. PMC and PCMC area is
having hills and hill ranges in the western sid¢éhii average altitude of 600 - 800
meters. The city is well bounded by East-West chiay. Katraj hill range in the
Southern side whereas the eastern part of thésditgving gently sloping topography.
In general, city has overall slope towards Eashwitl and rugged topography at its
extreme West, Southwest and South.

Pune is situated on the Sahyadri Hills. Earlieie tb the presence of trees on
the hills and mountains, the city’s weather wasagdst and comfortable. But in
recent years the climate has considerably changedtd exponential rise in the
number of concrete structures and the loss of geesar on the hills. The city has

approximately 12% land under hilltop and hill slope
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There are 11 natural hills in the city, these aréollows:

(2)Parvati Hill

(2)Arai and Malwadi Hill
(3)Fergusson College Hill
(4)Vetal Hill

(5)Ram Hill

(6)Baner Hill.

30

(7) Taljai Hill

(8) Chaturshrinigill
(9) Law Collagiti

(10) Katraj Hiil

(11) Kirkitwadi Hill
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Triangulated Irregular Network (TIN) of PMC and PCMC area
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2.6 Climate

The city has a typical tropical climate, with thrdistinct seasons- summer,
monsoon and winter. The Leeward location with refee to the Western Ghat has
made the city’s climate moderate and pleasant. fhean daily maximum and the
minimum temperature for the hottest month - Mayaimund 46C and 23C
respectively. The evening sea breeze from weshwedt keeps the city cool during
summer nights. For the coldest month of Decembetemperature ranges from°80
to 12C. The relative humidity ranges from 36% in Maroh8tL% in August. Three
fourth of the annual rainfall of 70 cm is receivduating June to September. Average

annual rainfall at Pune, Pimpri-Chinchwad is al&&@ mm.

2.7 Drainage

Lying between Indrayani River in the north andrdptake in the south, Pune
is located in the valley between four Rivers andesal other minor streams. The
River Ambi and River Mose, tributaries of the Rivdutha have dams upstream,
40.23 km west of the Pune City. River Ambi’'s Tarigigar dam has a catchment area
of 12,030 hectares and yields about 304 millionicuteters of water annually. River
Mose’s Veer Baji Pasalkar dam has an yield of 39fiam cubic meters of water
annually. 17.70 Km west of Pune is Khadakwasla damRiver Mutha with a
catchment area of 50.180 hectares, which catchessall088 million cubic meters of
water annually. Khadakwasla reservoir has beengdedito store only 86 million
cubic meters. The overflows from the Tanaji Sagat ¥eer Baji Pasalkar dam flow
into the Khadakwasla dam from where the overflowelsased into the Mutha River.
The water from Khadakwasla travels through the Mutight bank canal, running
within 6.4 km. parallel to the River, supplying watto Pune city and Cantonment
Boards as well as to the rural hinterland’s irrigatneeds. The total length of the
Mutha River within the city limits is approximate® km. The floodwater passes
through the River during the monsoon at the ratéQff cubic /sec up to a maximum
of 2450 cubic meters/sec, occurred once in theSastears. The post monsoon flow
averages 60 to 80 cubic /sec. Since the River,outtla definite channel and low
water level, is creating an unhealthy environmeatadwuse of the stagnant water-
breeding mosquitoes, the PMC decided to createamngt in the middle of the
Riverbed of 110 m width and 2 to 2.5 m high walisbmth sides to pass 283 cumecs

of floodwater. The banks were filled up with sodrfgardens and playgrounds.
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However, slums have developed on a certain stiit¢these banks, which has had a
negative impact on the River water quality. The anatretch of the River carries

slushy slit clay, pebbles and shingles as welluable to the extent of approximately
60,000 cu. m.

2.8 Demography
2.8.1 Population Growth Trends (PMC)

The population of Pune city as per Census 208Ibge to 25 lakhs. In the last
50 years, the city’s population has grown by mdrantfive times. The growth in

population testifies to the Vibrancy of its econoractivity.

Table 2.1 Population Growth Trends (PMC)

Censusyear | Total Population | Decadal Change | Growth Rate (%)
1951 400902 - -
1961 794052 393150 98.07
1971 1029466 235414 29.64
1981 1202848 173382 16.84
1991 1566651 363803 30.24
2001 2540069 073418 62.13

Source: Census of India

India has a very young population with a medianytaioon age of 24 years;
about 65% of the total population is less than 8ary old. Pune is also reflective of
this demographic characteristic with the mediantagjag closer to the national level.
But, 62 percent of the total population is under aéilge of 30 years. In Pune, the 25-34
age group forms a larger proportion of the totapyation compared to that
prevailing at the national level. It would not mearrect to say that the tendency to
migrate will probably be the highest within thisedgracket. It is estimated that about
50 percent of the population increase is on accof@inb-migration. This probably
explains Pune’s relatively larger share of popafatn the 25-34 age groups.

For the last decade, the decadal growth rate ofilptipn has been in the
range of 60% while the previous three decades s population growth in the
range of 15-30%. Between 1951 and 1961 the deamduaith rate of population has
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been 98%. The population of Pune city as per 200isGs is 2540069 persons. The

current population is estimated to be in the raofg@0 lakhs.

2.8.2 Population Growth Trends (PCMC)
Pimpri Chinchwad provides employment to industwakrkers and of late has

emerged as an affordable urban destination fodeesial purposes. The increasing
demand for industrial and residential areas lecbttinuous addition of areas and up-

gradation of the erstwhile Municipal Council to @oration.

Table 2.2 Population Growth Trends (PCMC)

Censusyear | Total Population | Decadal Change | Growth Rate (%)
1951 26367 -
1961 39654 13287 50.39
1971 98572 58918 148.58
1981 251769 153197 155.42
1991 520639 268870 106.79
2001 1006417 485778 93.30

Source: Census of India

For the last two decades, the decadal growth fgpemulation has been in the
range of 100% while the previous two decades wipeégopulation growth in the
range of 150%. The population of Pimpri-Chinchwadgar 2001 Census is 1,006,417
persons. The current population is estimated tio ige range of 12 lakhs.

It is pertinent to note that the population dynasriic Pimpri-Chinchwad is a
cumulative causation of demographic and economamgeés in Pune and vice-versa.
Hence, it is essential to gain an understandindoath the cities to grasp their

population dynamics and make growth projections.
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2.8.3 Population Growth Trendsin PMC and PCMC

Table 2.3 Population Growth Trends in PMC and PCMC

Censusyear | Total Population | Decadal Change | Growth Rate (%)
1951 427269 - -
1961 833706 406437 95.12
1971 1128038 294332 35.30
1981 1454617 326579 28.95
1991 2087290 632673 43.49
2001 354648 1459191 69.91
Source: Census of India
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Fig. 2.1 and 2.2 shows Population and populati@wtr rate of PMC and
PCMC from 1951 to 2001. The blue line shows theutetpn and growth rate of
PCMC and red line shows population and growth citBMC. For the last decade,
the decadal growth rate of population has beeharrange of 70% while the previous
three decades witnessed population growth in thgeraof 30-45%. Between 1951
and 1961 the decadal growth rate of population been 95%. The population of
Pune and Pimpri-Chinchawad as per 2001 Census4ié486 persons. The current
population is estimated to be in the range of 4Bda

2.9 Landuse of PMC and PCMC
2.9.1 Landuse of PMC
During the 1970's, the urban activities spillegdre the erstwhile city limits

and it was felt that for comprehensive and integtgilanning, a metropolitan region
converging on Pune be defined. Accordingly, the é?ametropolitan region was

defined in July, 1967. Earlier, the Pune Munici@akporation city area was 18.3% of
the Pune Urban Agglomeration, while about 45% wilage areas, 9% cantonment
area and 17% was the town area. In 1997, PMC’siame@ased by 14,611 hectares,
to include 10 census towns and 26 villages bringiregland extent to over 46,713
hectares. This increased the PMC'’s share in the RU38.75%. However the city

forms a mere 31.28% of this area, the rest beitigges (45.7%), and towns

(23.02%). It is clear that the expansion of theaarlrea into neighboring towns and
villages needs to be checked. At present aftersdmiuof few newly added villages,

the PMC area is 243.96 sqg. km.

Table 2.4 PMC Landuse distribution as per Development Plan

Areain Sg. Km.

Land use 1987 DP Newly Merged areas Total Areain %
Residential 50.58 53.16 103.74 42.53
Commercial 2.35 1.57 3.92 1.61
Industrial 7.26 2.62 9.88 4.05
Public and Semi Pub 15.22 1.4% 16.67 6.8<
Public Utilities 1.38 0.00 1.38 0.57
Transport 22.00 9.81 31.81 13.04
Reserved, Forest & Agri. 2.35 26.70 29.05 11.91
Water Bodies 12.04 2.48 14.52 5.95
Hills and Hill Slope 12.4¢ 0.0C 12.4¢ 5.1C
Recreational 12.73 7.79 20.52 8.41

Total 138.36 105.58 243.94 100

Source: Town Planning Department, Pune
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The combined land use distributiors per both the Development F
indicates that about 42 percent is allocated faidemntial use. The land use p
indicates that about 13.04 per cent of the aredasated for transport, and 11.91
cent is for reserved and forest ar

PMC Landuse Distribution
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Fig. 2.3 PMC Landuse distribution

Within PMC, the newly added villages show a predwnce of agriculture
activity and some forestland. This should contittueemain so, in order to sustain -
ecological demands of the city. The urbanizatiothefagricultural land has displac
many farmers, who, having lost their sources of liveliipbave settled down in ti
city’s informal settlements. The Riverbed is natrsa from slums either. The landt
pattern of the city reveals a dense core with cororaleand residential areas bisec
by the River. The southern bank, having the olderspaftthe city, has a haphaz:
high-density development, while the cantonment areasthe north haw
comparatively low densities. The city shows a cotie growth pattern with th
River as the center.

2.9.2 Land use (PCMC)

In DPs for the old PCMC measuring 86 sq. km. défgrreservations fc
public purposes have been worked out on the bagigoning norms and a project
population for ten years. Zoning proposals to acuoogfate the population fc20

years have been distributed into different planninigs
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Table 2.5 PCMC Landuse Distributioms peDevelopment Ple

Areain Sg. Km.

Land use 1986 DP Newly Merged areas Total Areain %
Residential 10.16 22.26 32.4: 19.01
Commercial 0.40 0.19 0.59 0.35
Industrial 10.85 1.48 12.3¢ 7.23
Public and Semi Public 0.84 0.82 1.66 0.97
Public Utilities 0.42 0.39 0.81 0.48
Transport 4.26 2.38 6.64 3.89
Reserved, Forest & Agri. 26.27 33.27 59.5¢ 34.92
Water Bodies 1.89 0.95 2.84 1.67
Quarry 0.22 2.46 2.68 1.57
Recreational/Open Spaces 0.69 0.01 0.70 0.41
Barren/Vacant Lands 30.01 20.29 50.3( 29.50
Total 86.01 84.50 170.51 100

Source: Town Planning Department, Pune

In case of the old DP, sanctioned for an area di186g. km. in 1986, agai

a planned development of about 74% of the 86.01ksqg, 32% of the area wi

developed. However, today a reconnaissance sumnigaites that the entire area

86.01 sqg. km. has been developed though not inWittewhat was envisaged in t

DP. The DPis due for revision in 2007 and a survey of thesixg land use is i

progress for this area.
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Fig. 2.4 PCMC Landuse distribution
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In the old DP, the projected population for a perid 10 years (1996) and 20
years (2006) is 8.01 lakhs and 12.32 lakhs respdytiln the sanctioned DP for old
area of 86.01 sq. km. 488 sites were earmarkedifiarent public purposes. PCMC
can take up acquisition for 464 sites identifiedhia DP.

Even for the DP of the newly merged area in PCMitd§ admeasuring 84.51
sq. km. different reservations for public purpobase been worked out on the basis
of planning norms, taking into account the projdgm®pulation of 10 years; zoning
proposals, to accommodate the population for 2Qsyedaave been distributed in
different planning units. In the draft DP for thextended area, 643 sites are
earmarked for different public purposes. The di# for these newly merged areas
has been submitted to the state government and\agdgdor the same is awaited.

Revision of the Development Plan for the old PCM€aaof 86.01 sg. km. is
due in 2007. It is considered necessary that a oemepsive Development Plan for
the entire area of 170.51 sq. km. be drawn up. eletiee draft DP for the newly
added areas has to be merged into the revised BRstore a comprehensive plan for
the PCMC area.
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Landuse of PMC (1987) and PCMC (2006) area
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2.10 Landuse/Landcover of PMC and PCMC area based on SOl Toposhest,
LANDSAT ETM+ and IRSP6 LISS 111 Classified | mages

Table 2.6 Landuse/Landcover of PMC and PCMC area based o §wWwsheet,

LANDSAT ETM+ and IRS P6 LISS-III Classified Data

Classes | ToPOShest [ LANDSAT LANDSAT IRS P6 IRS P6
(1980) | ETM+(1992) | ETM+(1999) | LISS-II (2004) | LISS1I (2008)
Built-up 16.85 59.25 107.24 170.16 233.20
Barrenland | 167.20 141.21 127.45 104.09 88.28
Vegetation 160.46 105.18 105.57 94.80 62.31
Water body | 10.44 9.57 8.65 753 7.20
Fallowland | 59.95 99.69 65.98 38.31 23.91
Total 414.90 414.90 414.90 414.90 414.90

Source: SOl Toposheets and Satellite Image
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PMC and PCMC based on SOI Topographeet (1980)
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Fig. 2.7

Source: & Modified from SOI
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Landuse of PMC and PCMC based on Topographical map (1980)
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LANDSAT ETM+ (1992) False Color Composite (FCC)
image of PMC and PCMC

Source: Modified from NRSC Fig. 2.9
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PMC and PCMC Classified Image based on LANDSAT ETM+ (1992)
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Source: Modified from NRSC Fig. 2.10
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LANDSAT ETM+ (1999) Satellite Image of PMC and PCMC
False Color Composite (FCC)

Source: Modified from NRSC Fig. 2.11
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PMC and PCMC Classified Image based on LANDSAT ETM+ (1999)
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Source: Modified from NRSC Fig. 2.12
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IRS P6 LISS-IIT (2004) False Color Composite (FCC) Image of
PMC and PCMC

Source: Modified from NRSC Fig. 2.13
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Legend
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PMC and PCMC Classified Image based on IRS P6 LISS 11 (2004)
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Source: Modified from NRSC

Fig. 2.14
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IRS P6 LISS-III (2008) False Color Composite (FCC) Image of
PMC and PCMC

4 Km.

Source: Modified from NRSC Fig. 2.15
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PMC and PCMC Classified Image based on IRS P6 LISS II1 (2008)

Source: Modified from NRSC

Fig. 2.16
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2.11 Landuse change PMC
Table 2.7 Expansion of City limit (PMC)

vear Tgtanl If\rrr]ea Arse;idrged Newly Merged Areas/Villages
South- Shankarsheth road to Ambila road
North East — Right bank of Mutha river
1857 .74 ) East- Welesly road to new Modikana neadr
Nagzari
Area between Shankarsheth road, Satara
1889 9.86 2.12 Road and
Golibar Maidan
1890 18.04 8.17 Erandwana and Bhamburda villages
1931 18.79 0.75 Parvathi Gaothan and area till Hingne
1935 19.05 0.26 Chaturshringi Area
1958 138.98 27.02 Inclusion of 18 villages
1975 138.05 (-)0.84 Exclusion of some part of Bhosari
1981 146.95 7.33 Inclusion of Sutarwadi
1983 146.11 10.01 Inclusion of survey_no. 79 of Ghorpadi
2001 243.87 97.84 Inclusion of 23 villages

Source: INNURM, City Devel opment Plan, PMC

Pune has grown from an area of 7.74 sq. km. irY¥ 18243.87 sq. km in
2001 i.e. it has increased by 236.82 sq. km indkhel44 years. In 1981, the area of
old PMC was 146.95 sq. km. which increased to Z43@ km. in 2001, with the
inclusion of the 23 villages. The expansion of #C limits over the years is
shown in the Table. 2.5.

Pune agglomeration includes the area under Puh@®iampri - Chinchwad
Municipal Corporations, Pune, Khadki and DehuroahtGnments, Talegaon and
few semi-urbanized villages on the periphery.

In 1967, Pune Municipal Corporation, Pimpri Chin@ad Municipal body,
Pune Khadki and Dehuroad Cantonment, Talegaon Mpatibody and surrounding
villages were included in the limits of Pune Mewbf@mn Region. The landuse of the
Pune Metropolitan Region in past 30 years is gielow. In the past 30 years, the
area under residential use has increased by 2.Ad%ha area under agriculture and
plantation has decreased by 34 %. The area under Wwadies, hills and forest has
remained the same. However most of the hills dnese been encroached upon.

As per landuse map, comparative Toposheet and Imag® landuse changes

observed in built up area, then secondary agri@ll@and fallowland respectively. In
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the present study concentration is focused on huglti.e. urban sprawl which is
explained in detailed forth coming chapters.

2.12 Landuse change PCM C

Table 2.8 Expansion of City limit (PCMC)

Y ear Area (Sg. Km.) Increased Areain Sg. Km.

1982 86.01 -

1991 86.01 -

1997 170.52 84.51 (After inclusion 18 fringe villages)
2011 170.52 -

Source: Census & PCMC records

Pimpri - Chinchwad has grown from an area of 8&1km. in 1982 to
170.52 sg. km in 1997 i.e. it has increased by B4c km in the last 30 years. In
1982, the area of old PCMC was 86.01 sqg. km. whiicleased to 170.52 sqg. km. in
2011, with the inclusion of the 18 villages. Theamnsion of the PCMC limits over
the years is shown in the given Table. 2.6.

2.13 Pune City (PM C) Growth

From a small area around Kasba Peth, Pune has giasmatically; in 1958,
small pockets of land in parts of the villages ohttgj, Dhankavadi, Lohagaon,
Dapodi, etc. were added increasing the area WRMC's jurisdiction. The last such
annexation took place in 1997 wherein 36 villagéth w&n area of 97.84 sq. km. were
added to Pune city. As a result, the PMC area asee from 146 sq. km. to 243.9 sq.
km. According to JNNURM Pune Development Draft Plaw PMC area is now
more than double the Chennai Municipal Corporat@rea.

To see the change occurred in economical actividfeBune city in last 150
years and how Pune city transformed from small bamwith only 15 huts in 613
A.D. to 1.3 million in 1981 and in 2001 the popwathas reached to 3.5 million. In
the present work emphasis is also given on howamdtanges occurred in different
phases of Pune city.
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Pune City Growth (1821-2011)
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Fig. 2.17 Pune city Growth map (1821 to 2011)
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2.14 Pimpri - Chinchwad (PCM C) Growth

The process of formation of the Pimpri-Chinchwadv\unicipal Council in
1970 and its subsequent conversion to a Municigap@ation in 1982 along with
the extension of the PMC and PCMC limits in 1993 treade the Pune agglomeration
one of the largest in the country. From its embiyarigin covering a small area
around the Kasba Peth, it has grown in size byessice affiliations of the peripheral
areas and is now rated as the seventh largest adgdomeration in the country. The
latest merger in 1997 proved to be extraordinatye B8 peripheral villages were
merged in the Corporation’s limits, resulting in area of 368.69 Sq. km. However,
the Government oMaharashtra in 2001, decided to de-link 15 villagempletely
and 5 villages partly from PMC’s limits, reducirtettotal area to 243.96 Sq. Km.

The growth of the city in sixties was mainly dueitdustrial development in
the Pimpri — Chinchwad area by private industralend MIDC. The bursting of the
Panshet dam in 1961 changed the growth patterrthendity started growing along
the Mutha River. A number of town planning schemeder the Bombay Town Plan
Act, 1945 were planned and completed giving an riyddevelopment pattern to the
city. Unfortunately Pune Municipal Corporation toak no town-planning scheme
since 1970 and now the city is growing based omoad development plan and by
using development strategies like zoning, resesmaffDR, and accommodation

reservation. These half-hearted efforts have cie@phazard urban pattern.

2.15 Conclusion

Second chapter comprises profile of the study dhed gives a detailed
account of location, extent and aerial coveragihefPune and Pimpri-Chinchwad in
the Pune District, (Maharashtra, India). Physiobgyapnd climate of the Pune and
Pimpri-Chinchwad. Built-up, landuse, transportatioommunication and population
and demographic structure with characteristichefRune and Pimpri-Chinchwad are
also discussed in the last part of the chaptemtmwkabout socio-economic status of
the Pune and Pimpri-Chinchwad.
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Pimpri Chinchwad Growth (1951-2011)




Chapter 111
DATABASE AND METHODOLOGY

3.1 Introduction

The data is the backbone of any research. In aawestudy the change of
spatial extent of growth and infrastructural fdamk, SOI toposheets and IRS P6
LISS 1l and LANDSAT-TM data was used to generaiféedent layers of years 1980,
1992, 1999, 2004 and 2008 respectively. Multi-terapalata has been used to
monitor the urban sprawl. The census data of ttyeweas integrated with the above
mentioned data to identify the elements at risloaased with different forms of
urban hazards.

Methodology of the work involves utilization of waus methods, tools and
techniques used to assessment of urban spramlifdinient of the objectives. GIS
techniques were used for utility planning in teroisprawl. Remote Sensing data of

the study area has also given spatio-temporalnmition on the urban landuse.

3.2 Database

The data required for the present study comprisgmgraphical maps,
Satellite Images, Census data and Utility servitada details. For mapping, the extent
of the urban area as it stood at the 1979-1980,|8wervey of India topographical
maps were used. Apart from that extent of the udraa, this has details of built-up,
drainage, water bodies, rail and road networks addinistrative boundaries.
LANDSAT ETM+ and IRS P6 LISS Il data were usednbap the extent of sprawl
for 1980 to 2008. In this study the secondary dets been collected from various

sources.
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Table 3.1: Secondary Data details for the study area

Segment Type of Data Centre
Toposheets no.
47 F/14/2, 47/F/14/3, 47F/14/6, Survey of India, Scale 1:25000
47/F/15/NE, 47/F/15/NW
Satellite Imagery—LANDSAT ETM+
Dated: 4 December 1992
Spatial data Satellite Imagery—LANDSAT ETM+
Dated: 14 November 1999 National Remote Sensing Centre
Satellite Imagery—LISS-Ill (Sensor-IRS Hyderabad
P6) (NRSC)
Dated: 13 March 2004
Satellite Imagery—-LISS-Ill (Sensor-IRS
P6)
Dated: 11 November 2008
Pune Municipal Corporation (PMC
Pimpri Chinchwad Municipal
Corporation (PCMC),
PCMC website,
Non-Spatial Transportation Indian Medical Association,
data Educational Facilities Indiacom Yellow Pages,
Hospitals www.Indiacom.com
www.pcmcindia.in
www.pcmcgisda.org.in
www.punediary.com

Ward wise Population data PMC, PCMC and Census

year book 2001
3.3 M ethodology

This work covers Pune —Pimpri Chinchwad Municipar@ration Area. To

understand urban sprawl of the Pune and Pimpri<Diwad, the methodology

adopted for the present study is divided in follogvphases.

3.3.1Library work
Exhaustive literature survey of the topic of invgation has been undertaken.

published literature, reports will be collectedrfravarious libraries, institutes; Govt.

departments etc. Besides, relevant literaturesriference books, bulletins, review

etc. were obtained through internet.

59




3.3.2 Prefield phase

This phase deals with the literature review for thederstanding the
complexity of a dynamic phenomena of urban spramd an urban environment.
Literature referred to urban sprawl, extraction spirawl, problems related upon
agglomeration were collected to have some genemndenstanding of the topic.
Application of remote sensing technology have béasntified and used as an
important tool to monitor land use and surface gean Satellite remote sensing
collects multi-spectral, multi-resolution, multintgporal data providing valuable
information for understanding and monitoring thegass of urban sprawl. As it is in
the digital format, it can be brought into GIS,p@vide a suitable platform for data
analysis, update and retrieval. Land use can beiegpboth in terms of geographic
location and absolute area. The growth profile ioleth helps in formulation of
development policies. (Patkar.V.N & SampathkumarcDShekhar S. 2005)

The collection of different types of maps includestellite imageries and
topographical maps. Collection of non-spatial dat#jty services data details has
been obtained from PMC and PCMC.

3.3.3Field work

This phase includes visit to the study area andritgie areas in different
seasons, GPS surveys, instrumental surveys, plagiogyr questionnaire survey etc. it
facilitated to understand the complexity of a dymamhenomenon such as urban

sprawl, land use changes, urban spraw! pattern.

3.3.4 Laboratory work
Includes sorting of data, digitization of varioagérs, preparation of maps and
other GIS/RS techniques, like Georeferencing, Dettachment, area calculation,

Overlay analysis, Unsupervised classification, Haygouts of different maps.
3.3.5 Synthesis of the data, Report writing and submission

The data generated during the field, and in lalboyatas studied synthesized,
interpreted have been produced in this thesis.
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3.4 Data Processing Work
3.4.1 Scanning the Toposheets

Topographical maps of the study area have beerineotgrom Survey of
India (SOI) Pune. These toposheets were scannddfif300 Dpi) format to have

them into digital format, so that further procegsstould become easy.

3.4.2 Geor eferencing the Toposheets

Scanned toposheets were then transformed tod& & 9.1 for georefrencing
using 12 well distributed Ground Control Points &egt 3¢ polynomial order. RMS
error kept 0.4 which is below half pixel and res&dpthe image with WGS 84, 43
North Zone. After resampling and reproject in tlaene toposheets were converted

from WGS 84 to UTM. The reprojection of toposheetiseful for area calculation.

3.4.3 Geor eferencing the | mages

After georefrencing of toposheets, next task wamefeencing of the IRS P6
LISS IV imagery of the same area. For the georirenomf satellite imagery
reprojected toposheets were used. 15 well disgibgtound control points were used

and RMS error was kept below half pixel.

3.4.4 Normalization of attribute data

Attribute data was mainly collected from seconda@ata sources. Using
MSOffice 2003 this data was then converted intoitaigformat. Degree of
accessibility and application of database dependsi® nature and systematic logical
arrangement of data. Making efficient geodatabasa was normalized and unique id
were generated for data attachment. The same utddiedd was generated in spatial

data so as to facilitate easy attachment of albate data to the spatial data.

3.4.5 Generation of Geodatabase

The attribute data which was in hard copy forrhat tvas also converted into
digital spreadsheetdpf) format. Due to unique Id, normalized attributeadbecame
ready for attachment. In spatial data generatiope@onal geodatabase in ArcGIS
software for analysis purpose, the same uniquéeld fvas also generated in spatial
data. Due to this attachment of spatial and notiadmtata has become easier.

3.4.6 Data Attachment
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Attribute data saved idb 1V format was then imported into attribute data
table format in ArcGIS. Unique Id for spatial datas assigned and attached to all
attribute data and the spatial data. It is the g characteristics of GIS in which
one can see both spatial and non spatial datglahae.

3.5 Processing on Toposheet
3.5.1 Area Calculation

The study of changing landuse pattern in urba@a areer period of time is
important task for determining the trend of urbprasvl. In present scenario the study
area was classified into various classes. Eacls elas then compared with the area
obtained from satellite images of the different rgedt gives a significant trend of

urban sprawl.

3.6 Ward boundary map

Wardwise boundary map has been obtained from MpalicCouncil of Pune
and Pimpri Chinchwad Using registration technigire$s1S environment, the map
has been properly digitized and registered with gpbgraphic graticule. This map
has been used in the integration analysis to gatiddtrative ward wise information.
Demographic data obtained from census records iieed to the wards coverage
using unique item related to the ward code. All thematic maps were digitized in
GIS environment and integrated with spatial framdwof Pune and Pimpri
Chinchwad planning area. Area statistics were obthifor all the above-mentioned

parameters considered for the study directly froi® @Gatabase.

3.7 GIS, Remote Sensing and I mage Processing Techniques

GIS and remote sensing are very useful in the fatimn and implementation
of the spatial and temporal changes, which arenéiabecomponents of regional
planning to ensure the sustainable development. difierent stages in the
formulation and implementation of a regional depetent strategy can be
generalised as determination of objectives, resoumeentory, analysis of the existing
situation, modelling and projection, developmentptdnning options, selection of
planning options, plan implementation, and planuat#on, monitoring and feedback

(Yeh and Xia, 1996). GIS and remote sensing tectesicare quite developed and
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operational to implement such a proposed stratétpe spatial patterns of urban
sprawl on temporal scale is studied and analysatyube satellite imageries and
cadastral data from Survey of India, mapped, mosit@nd accurately assessed from
satellite data along with conventional ground datae image processing techniques
are also quite effective in identifying the urbanowth pattern from the spatial and
temporal data captured by the remote sensing tgabsi These help in delineating
the growth patterns of urban sprawl such as, theali growth and radial growth

patterns.

3.8 Satellite Image Processing
3.8.1 Landuse/ Landcover Map

Landuse means, use of land for diffenemtposes like built-up recreation,
commercial, forest etc. Landcover means the aresered by various physical
features like vegetation, hills, water bodies etmote sensing technology plays key

role in landuse/landcover mapping of urban area.

3.8.2 Classification of Land Use/L and Cover
Land Useland cover ismainly classified in to following categories
Level |
1. Urban or Built-up Land
2. Agricultural Land
3. Forest Land
4. Water bodies
5. Wetland

6. Barren Land

3.8.2.1 Urban Built-Up Land

“All places with a municipality, corporation or danment or which are
notified town areas, & all other places which dgtithe criteria of minimum
population of 5000, at least 75% of whose male wmgrkpopulation is non-
agricultural & having a density of population of laast 400 per sg.km. are placed

under this category” It includes;
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Residential It includes all the constructions used primarily fesidential
purpose. The residential areas include apartmeetsiched houses, row houses &

farmhouses of different density groups.

Industrial - It includes all the constructions that are used ifatustrial
activity. It include light manufacturing industrigfecused on design, assembly,
finishing & packaging of products, to heavy mantdi@iog industries such as
chemical plant, electric power generating statiailstefineries, brick making plants,

steel plants etc.

Transportation - This type of land is used basically for transpdotat
activity. Major transportation routes such as roagsy railways, airways &
waterways are included in this category. The roadwaclude major & minor roads,
bridges & terminal facilities such as bus & truekniinals. The rail facilities include
stations, parking lots, repair, & switching yartlecks & related areas. The airways
include all facilities directly connected with @aransport. The areas include runways,
intervening land, terminals, service buildings, n@ahangars, navigation aids, fuel
storage areas, parking lots & limited buffer zombe water transportation includes
those areas related to water transportations exgjutie water. The major areas of
this category are the port areas, docks, shipydrgsjock & lock.

Recreational areas - “It includes all the recreation facilities & areahich are
devoted for recreation & basically on open landihtludes incidental buildings such
as shelters, toilets, beach change areas, etc.

Public and semi-public - “It includes all educational facilities such as
schools, colleges & universities, religious pladesalth centers, cantonment areas &
areas associated with the transport of gas, otemé&electricity.”

Open spaces’Vacant areas - “It includes all the open spaces which are not

used for any purpose & vacant land, both within&side built-up areas”

3.8.2.2 AgricultureLand

“This is broadly defined as the land used primafdy production of food &
fiber.” This includes cropped areas, fallow lands & pddioin areas.

Crop Land - It includes both cropped lands & un-irrigated crgpswn under

natural climatic conditions.
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Plantations - It includes plantations such as coconut, arecaaitaiis, banana,

cashew, casuarinas, eucalyptus, & other orchandsnas.

3.8.2.3 Fallow Land

It is basically an agricultural land but devoid afly crop at the time of

collection of remotely sensed data.

3.8.2.4 Wasteland

“Lands which are capable or have the potential tfter development of
vegetative cover & are not being used due to diffeconstraints of varying degrees
are classified under this category.”

Undulating upland with or without scrubs - “This is the land which is prone
to degradation & may or may not have scrub coveuchSland occupying
topographically high locations & excludes plairi| & mountainous terrain.”

Sandy areas - “Sandy areas other than beaches are composed fyirofr
dunes & accumulation of sand transported by thedsvinSand accumulations
occurring in coastal plains, river flood plains iotand areas are included in this

category.”

3.8.2.5 Water Bodies

“It include the areas that are persistently wateeced.”
RivergStreams - “This category includes rivers, streams & creeks.”

Reservoirg/Tanks/ Canals - “This is artificial impoundment of water used for
irrigation, flood control, municipal water suppljie®creation, hydro-electric power

generation & so forth.”

Lakes/Ponds - “These are non-flowing, naturally enclosed bodiésvater,

including regulated natural lakes but excludingeresirs.”

3.9 Urban sprawl assessment

The base maps prepared from toposheets (1979480) diferent years
satellite imageries (1992, 1999, 2004 and 200&)bthilt-up area was calculated from

same and Shannon’s entropy was applied to medseaighan sprawl.
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3.10 Analytical Framework
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3.11 Conclusion

This chapter contains Database and Methodologiggiromch for the
monitoring and measurement of sprawl in study a&€l. toposheets (1979-80) and
different years satellite data (1992, 1999, 2002 2008), were used for calculation of
built-up area. For assessment of urban sprawl Ha®n’s entropy technique was
used. Utility services like, multispecialty hosstapublic transportation and medium

wise schools data were used.
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Chapter IV
ASSESMENT OF URBAN SPRAWL
4.1 Introduction

The study of urbanisation has interest from a widiege of experts. The
multidisciplinary scope of the theme invokes theeiiest from ecologists, to urban
planners and civil engineers, to sociologists,dmiaistrators and policy makers, and
finally the common man. This is because of the daegnount of activities and
processes that take place in the urban ecosysteergday. Thus when the early
humans evolved they settled on the banks of thergithat downed the advent of
civilisations. An wunplanned increase in the popatat complimented with
creativeness, humans were able to invent wheeliginidfire, created settlements and
started lived in forests too.

An unprecedented population growth and migration, iacreased urban
population and urbanisation is unplanned. More ®wnd cities bloomed with a
change in the land use along the many of landscapeé®cosystems found on earth.
Today, humans can boast of living under a wide @asfgclimatic and environmental
conditions. This has further led to humans contifguthe urban centres at almost
every corner of the earth. These urban ecosysteena aonsequence of urbanisation
through rapid industrial centres and flourishingadisuburban colonies, also became

heart of economic, social, cultural, and politiaetivities.

4.2 Urbanisation and Urban Sprawl

In India, with an extraordinary population growthdamigration, an increased
urban population and urbanisation is unexpectedeNad other towns and cities are
up-and-coming with a change in the land use aldmg highways and in the
immediate surrounding area of the city. This scattelevelopment outer of compact
urban and village centres along highways and imlrapuntryside is defined as
sprawl. Urbanisation is a form of metropolitan gtbwhat is a response to often
bewildering sets of economic, social, and politidafces and to the physical
geography of an area. Some of the causes of tlasvksprclude - population growth,
economy, patterns of transportation initiativeselithe structure of roads and the
condition of infrastructure using public capitalcenraging development. The direct
implication of such urban sprawl is the changeandl use and land cover of the
region.
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4.3 Urban sprawl - spatial and temporal changes: gtern assessment

Mapping urban sprawl provides a "picture" of whémnes type of growth is
occurring, and helps to identify the environmesatiadl natural resources threatened by
such sprawls, and suggests the likely future doastand patterns of sprawling
growth. Analysing the sprawl over a period of timél help in understanding the
nature and growth of this phenomenon. Ultimately gower to manage a sprawl
resides with local municipal governments that veoysiderably in terms of will and

ability to address sprawl issues.

4.4 Consequences of Urban Sprawl

There is no doubt that urban sprawl exists in nebshe cities nowadays. For
many, a suburban home or apartment is a very coafiler place to live in. To those
who have recently escaped from the inner city sthfeurbs are wonderful places. For
most people the rise in affluence has meant arbette a worst, existence, and they
look upon their much despised 'suburban middlesdiaes' as fulfillment rather than
deprivation." The consequences and significancguoh sprawling, average or good
are evaluated, based on its socio-economic andogmuental impact.

Urban sprawl, according to Cornell University's Bement of Development
Sociology, "is generally defined as the increaseetbpment of land in suburban and
rural areas outside of their respective urban csrfiteSprawl is most often
characterized by low-density development markedidtached single-family homes,
strip malls and reliance on the automobile for s@ortation. Urbanists, particularly
those associated with "new urbanism" and "smanvtiromovements, have roundly

criticized urban sprawl for a variety of reasons.

4.5 Measuring Urban Sprawl

To understand the complexity of a dynamic phenomesoch as urban
sprawl; land use change, urban sprawl pattern angpatation of sprawl indicator
indices were determined. Mapping urban sprawl plesia picture where this type of
expansion is occurring, and also helps to identiyy ecological situation threatened
by such sprawl (H. Sudhira et. al., 2003).

The characteristics of land use / land cover, dgennetwork, roads and
railway network and the administrative boundariesrf the toposheets were digitised.

Individual layers for each character were digitized
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Urban sprawl over the period of three decades (PI8B) was determined by
computing the area of all the settlements fromdilgéized toposheets of 1979-80 and
comparing it with the area obtained from the clesgisatellite imagery for the built-
up theme. The vector layers were digitized fromtthgosheets of 1979-80, included
themes as; built-up area, drainage (rivers, stremmiswater bodies), administrative
boundaries, and road network.

The toposheets as mentionedTiable 3.1 were first geo-registered. Since
urban sprawl is a process, which can affect eversthallest of wards, each and every
ward was analyzed. Details of villages like popolatdensity were extracted from
census books of 2001 and were added to the adritatabase. The area under built-
up was later added to this attribute database dijgtization of the toposheets for the
built-up feature for each village.

Satellite image data for mapping the extent of uhean area from 1980 &
2008 level, Survey of India topographic maps andléi@ imageries were used. Apart
from that extent of the urban area, this has detdibuilt-up, drainage, water bodies,
rail and road networks and administrative boundalidNDSAT ETM+ and IRS P6
LISS 1l data were used to map the extent of SpfawlL980 to 2008.

The standard processes for the analyses of satiefiigigery such as extraction,
restoration, classification, and enhancement wppdied for the present study. The
Maximum Likelihood Classifier (MLC) was employedrfthe image classification.
The original classification of land-use of five egbries was aggregated to vegetation,
built-up (residential & commercial), agriculturahnds and open land and water
bodies. Area under built-up theme was recognizetitlh@ whole built-up theme from
that imagery was digitized; this vector layer gdke urban area of 1980 to 2008.
Further, by applying vector analyses, the built-agga under each ward was

calculated.

4.6 Built-up area as an indicator of urban sprawl

The percentage of an area covered by imperviodacas such as asphalt and
concrete is a straightforward measure of developr(iggrnes et al, 2001). It can be
safely considered that developed areas have gremtgrortions of impervious
surfaces, i.e. the built-up areas as compared @oleékser-developed areas. The
proportion of the total population in a region ke ttotal built-up of the region is a

measure of quantifying sprawl.
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Considering the built-up area as a potential amdyfaccurate parameter of
urban sprawl has resulted in making considerabfeotmesis on this phenomenon.
Since the sprawl is characterized by an increagberbuilt-up area along the urban
and rural fringe, this attribute gives considerabl®rmation for understanding the
behavior of such sprawls. This is also influencgdphrameters such as population

density, population growth rate, etc.

4.7 Shannon's Entropy

The term Entropy is most frequently used while desty the quantity
efficiency of elements. Entropy is related to tlkpansion of the spatial variable in a
given area or limit, which was given by Shannondgr&py. This method is useful to
measure and distinguish types of sprawl. The Egtropthod is beneficial with GIS
because of simplicity and uncomplicated integraf\snan important exercise, the
Shannon's entropy approach (Yeh and Li, 2001 arsh8khar 2005) was quantified
to detect the urban sprawl phenomenon. Entropyevakries from 0 to 1. If the
distribution of built-up is most concentrated irecarea, the lowest Entropy value is O.
Distribution of built-up across space will give timaximum Entropy value 1.

This Entropy (B method could be calculated using following foreul

PRDCER)

& log(m)

1(

Dj
ST, Dj

Where  PDj =

Dj is the density of land growth. That equals tcamfity of Built-up land
divided by the total quantity of land in tff& zone in the total af zones.

While using Entropy to measure the distributioragfhysical occurrence, the
difference on entropy among two different time pds of time can be used to

indicate the change in the amount of circulationrtfan sprawl.

AE = E(y+1) - E(y) (2

WhereA Etis the difference of the relative entropy valuesMaeen two time
periods, Et(y+1) is the relative entropy valueimtet period y+1, Et(y) is the relative

entropy value at time period y.
71



4.8 Measuring the sprawl of PMC and PCMC

Urban sprawl is a complex phenomenon, which noy dws environmental
impacts, but also social impacts (Barnes et2801; www.sprawlwatch.org/).The
entropy comes up to be effectively applied to fimat urban sprawlDue to its
complexity, there is no specific, measurable, ardegally accepted definition of
urban sprawl (P. Sutton, et @&003).The urban area of China (Yeh and Li, 2001) it
gained fame among the world research&fsdeling Urban Land Use Change and
Urban Sprawl of Calgary, Alberta, Canada (Heng ®tral., 2007), Monitoring the
sprawl of Pune city (S. Shekhar, 2005) , Hyderabag (M. Latha, et al., 2001 ) and
Mysore — Banglore National Highway between Manglame Udupi by H. Sudhira, et
al., (2003) are some of the examples. For PMC &M ® areas growing rapidly
urban agglomeration, Shannon’s entropy approacheapm measure the sprawl of

municipality.

Table 4.1Administrative Ward/Committee wise Total Built-upefa of
PMC and PCMC in sq. km.

Ward {Gommittee Name TGA | 1980| 1992| 1999 2004 2008
1 Aundh 38.73 | 0.96| 6.24 8.66 10.18 18.64
2 Karve Road 15.46/ 0.09 2.82 4.24 5.44 7.00
3 Ghole Road 13.91 1.78 2.19 2.4p 4.35 4.73
4 Warje-Karvenagar 15.26 080 212 4.49 7.37 9.00
5 BS Dholepatil P 12.64 1.18 1.7% 211 4.19 4.80
6 Hadapsar 26.86 0.63 3.1p 6.28 11.65 19/03
7 Yeravada 29.24 0.37 2.50 6.68 14.00 20/64
8 Sangamvadi M 30.39 078 240 5.90 1261  14{09
9 Bhavanipeth 2.79 1.04 0.08 2.05 2.39 2.36
10 Kasbapeth 4.26 1.6]1 0.18 2.18 2.13 3.11
11 Vishrambaugwada ¢ 8.56 276 142 2.61 4.26 4,80
12 Tilak Road 13.60 0.67 3.15 2.83 5.68 6.24
13 Bibvewadi 22.13| 0.62 2.79 6.51 13.15 17.08
14 Sahkarnagar 9.47 0.69 1.19 3.13 6.47 6.79
A A Committee p 36.01 0.31 7.39 9.94 14.88 22.74
B B Committee C 39.54 0.83 8.08 12.28 12.44 24,59
C C Committee M 66.85 0.69 6.35 15.00 26.80 2746
D D Committee ¢ 29.19 0.4 5.53 9.88 11.62  20.10
Total 414.90| 16.19] 59.2% 107.23 170.16 23320

Source: Computed by author
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Table 4.2Total Built-up area of PMC and PCMC in Percentage

Ward . TGA Built-up Built-up Built-up Built-up Built-up
Committee/Ward TGA | . 1980 _ 1992 _ 1999 _ 2004 _ 2008 _
Number in % Area in % Area in % Area in % Area in % Area in %
1 Aundh 38.73 | 934 0.96] 5 ,g 6.24 | 16.11 8.66 2236 | 10.18 | 2628 | 18.64| 4813
2 Karve Road 1546 | 3.73| 0.08 5o 2.82 18.24 4.24 27.43 5.44 35.19 7.00 45.28
3 Ghole Road 13.91 | 335 178/ 1559 | 219 15.74 2.46 17.69 4.55 32.71 4.73 34.00
4 Warje-Karvenagar 15.26 | 3.68| 0.80| goy4 2.12 13.89 4.49 29.42 7.37 48.30 9.00 58.98
5 BS Dholepatil Pl 1264 | 305 118 g3, 1.75 13.84 211 16.69 4.19 33.15 4.80 37.97
6 Hadapsar 26.86 | 6.47| 063 535 3.12 11.62 6.28 2338 | 11.55| 4300 | 1903 | 7085
7 Yeravada 29.24 | 7.05| 037 457 2.50 8.55 6.68 2285 | 1400 | 4788 | 20.64| 7059
8 | sangamvadi | | 3039 | 7.32| 078] ,5; | 240| 790 | 590 | 1941 | 1251| 4116 | 1409 | 4636
9 Bhavanipeth 279 | 0.67| 104 3755 | 0.03 1.08 2.05 73.48 2.39 85.66 2.36 84.59
10 Kasbapeth c| 426 | 1.03] 161 3779 | 018 4.23 2.18 51.17 2.73 64.08 3.11 73.00
11 | Vishrambaugwada 856 | 2.06| 275 3593 | 1.42| 16.59 2.61 30.49 4.26 49.77 4.80 56.07
12 | Tilak Road 13.60 | 3.28| 0.67] ,g3 3.15| 23.16 2.83 20.81 5.68 41.76 6.24 45.88
13 Bibvewadi 2213 | 533| 062 ,g, 2.79 12.61 6.51 2042 | 1315 5942 | 17.08| 7718
14 | sahkarnagar 947 | 228| 069 ;59 1.19 12.57 3.13 33.05 6.47 68.32 6.79 71.70
A A Committee o 36.01] 868 031 (gg 739 | 2052 9.94 2760 | 1483 ] 4118 | 2274| 63.15
B B Committee c 39.54) 953 083 54 8.08 20.44 12.28 31.06 12.44 31.46 24.59 62.19
c C Committee M 66.85 16.1 069 103 6.35 9.50 15.00 22 44 26.80 40.09 27.46 41.08
D D Committee c 29.19] 7.04 0.4 1.37 5.53 18.94 9.88 33.85 11.62 39.81 20.10 68.86
Total 414.90[ 100| 16.19 59.25 107.23 170.16 233.20

Source: Computed by author
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The precise aim of this present study is to fintdwban sprawl in PMC and PCMC area.
Therefore such kind of study requires temporal datget trend of change in urban built-up
area. In this work 1979-80, SOI toposheets, 1991089 LANDSAT ETM+ and 2004 & 2008,
IRS P6 LISS-III satellite imageries has been usedetect the change in urban built-up. These
five temporal data’s shows the trend of changinttgpa in built-up over periods of time.

Tables 4.1 and 4.2 represents the total built-ea,aotal geographical area (TGA) and
percentage (%) of both areas under PMC and PCMUnéstrative wards/committees. The
Study area comprises 14 wards in PMC and 4 comesittd PCMC. C committee (66.85 sg.
km.) is biggest in study area under PCMC and smiialiard is Bhavanipeth. Aundh (38.73 sq.
km.) ward is biggest in PMC area followed by Sangauwh, Yerawda and Hadapsar. In 1980
Vishrambaugwada was having 2.75 sq. km. builaxga followed by Ghole Road (1.78 sg. km)
and Kasbapeth (1.61 sg. km.). Karve Road ward veasnd very less built-up area in 1980
compare to other wards/committees which was 0.0&mqfollowed by A, committee (0.31 sq.
km.) and Yerawada ward (0.37 sq. km.).

In 1992 B, committee had 8.08 sg. km. builtarpa followed by A, committee (7.39 sq.
km) and Aundh (6.24 sq. km.). Bhvanipeth ward wasirg very less built-up area in 1992
compared to other wards/committees which was 0Q&m. next is Kasbapeth (0.18 sq. km.)
and Vishrambaugwada ward (1.42 sq. km.).s

Year 1999 shows C, committee had 15.00 sg. km.t-bpilarea followed by B,
committee (12.28 sq. km) and Aundh (8.66 sqg. kBhavanipeth ward had very less built-up
area in 1999 compared to other wards/committeeshmivas 2.05 sqg. km. next is Dhole Patil
Road (2.11 sq. km.) and Kasbapeth ward (2.18 sg. km

Year 2004 shows C, committee had 26.80 sg. km.t-bpilarea followed by A,
committee (14.83 sg. km) and Yerawada (14.00 sq).kBhavanipeth ward was having very
less built-up area in 2004 compare to other waousfoittees which was 2.39 sq. km. next is
Kasbapeth (2.73 sqg. km.) and Dhole Patil Road &b sq. km.).

Year 2008 shows C, committee had 27.46 sqg. km.t-bpilarea followed by B,
committee (24.59 sq. km) and A, committee (22.74ksn.). Bhvanipeth ward had very less
built-up area in 2008 compared to other wards/cdatees which was 2.36 sg. km. next is
Kasbapeth (3.11 sqg. km.) and Ghole Road ward &g78m.).
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Table 4.3Entropy Calculation for the Time Period of 1980

Sr. No. | Ward Number Committee/Ward TGA (sg. km.)| 180 | Density (Dj)| PDj 1/PDj log(1/PDj)| PDj*log(1/PDj)
1 Aundh 38.73 0.96 0.0248 0.0151 66.2174 1.821pD 0.0275
2 2 Karve Road 15.46 0.08 0.0052 0.0032 317.1624 5013 0.0079
3 3 Ghole Road 13.91 1.78 0.1280 0.0780 12.8254 081.1 0.0864
4 4 Warje-Karvenagaf 15.26 0.80 0.0524 0.0819 JFB3D 1.4956 0.0478
5 5 BS Dholepatil P 12.64 1.18 0.0934 0.0569 17.58031.2450 0.0708
6 6 Hadapsar 26.86 0.68 0.0235 0.0143 69.9Y25 9.844  0.0264
7 7 Yeravada 29.24 0.37 0.0127 0.0077 129.6994 292.11 0.0163
8 8 Sangamvadi M 30.39 0.78 0.0257 0.0156 63.9438 058.8 0.0282
9 9 Bhavanipeth 2.79 1.04 0.3728 0.2271  4.4028 30.64 0.1462
10 10 Kasbapeth C 4.26 l.60 0.3779 0.2303  4.3426 70.63 0.1469
11 11 Vishrambaugwada 8.56 2.15 0.3213 0.1957 5.108 0.7083 0.1386
12 12 Tilak Road 13.60 0.67 0.0493 0.0300 33.3140 .522b 0.0457
13 13 Bibvewadi 22.13 0.62 0.0280 0.0171 58.5803 7678 0.0302
14 14 Sahkarnagar 9.47 0.69 0.0729 0.0444 22.5249.3521 0.0601
15 A A b 36.01 0.31 0.0086 0.0052 190.6442 2.2802 0.0120
16 B B c 39.54 0.83 0.0210 0.0128 78.1825 1.8931 4202
17 C C M 66.85 0.69 0.0103 0.0063 159.0111 2.2014 138.0
18 D D c 29.19 0.4 0.0137 0.0083 119.7709 2.0784 01

Total 414.90 16.19 1.6412 0.9463
Source: Computed by author TGA= Total Geographical Area in Square km.
Log (m)=log 18 t £0.9463/1.2552
Log 18 = 1.2552 Et=0.7539
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Table 4.4Entropy Calculation for the Time Period of 1992

Sr. No. | Ward Number Committee/Ward TGA | 1992 | DensityDj) PDj 1/PDj log(1/PDj) | PDj*log(1/PDj)
1 1 Aundh 38.73 6.24 0.1611 0.0656  15.2400 1.1830 0.0776
2 2 Karve Road 15.46 2.82 0.1824 0.0743 13.4601 2901 0.0839
3 3 Ghole Road 13.91 2.19 0.1574 0.0641 15.5945 930.1 0.0765
4 4 Warje-Karvenagar 15.2¢ 2.1p 0.1389 0.0%566 TB6Y 1.2473 0.0706
5 5 BS Dholepatil P 12.64 1.75 0.1384 0.0564 17.7336 1.2488 0.0704
6 6 Hadapsar 26.8¢ 3.12 0.1162 0.0473 21.1368 Q0.325 0.0627
7 7 Yeravada 29.24 2.5( 0.0855 0.0348 28.7161 1.458 0.0508
8 8 Sangamvadi M 30.34 2.40 0.0790 0.0322 31.0890 926.4 0.0480
9 9 Bhavanipeth 2.79 0.03 0.0108 0.0044 228.3339 358a 0.0103
10 10 Kasbapeth C 4.26 0.18 0.0423 0.0172 58.1065 642.7 0.0304
11 11 Vishrambaugwadag 8.56 1.42 0.1659 0.0676 04.80 1.1703 0.0791
12 12 Tilak Road 13.60  3.1% 0.2316 0.0943 10.6002 .025B 0.0967
13 13 Bibvewadi 22.13 2.79 0.1261 0.0513 19.4744 2895 0.0662
14 14 Sahkarnagar 9.47 1.19 0.1257 0.0512  19.5385 .2909 0.0661
15 A A 36.01 7.39 0.2052 0.0836 11.9637 1.0779 0.0901
16 B B (F:) 39.54| 8.08 0.2044 0.0832 12.0144 1.0797 9208
17 C C I\(/': 66.85 6.35 0.0950 0.0387  25.8481 1.4124 48.05
18 D D 29.19| b5.53 0.1894 0.0772  12.9602 1.1126 5808

Total 414.90| 59.25 2.4552 1.2097
Source: Computed by author
log (m)=log 18 Et 2097/1.2552
log 18 = 1.2552 Et = 0.9638
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Table 4.5Entropy Calculation for the Time Period of 1999

Sr. No. | Ward Number Committee/Ward TGA 1999 Density(Dj) PDj 1/PDj log(1/PDj) | PDj*log(1/PDj)
1 1 Aundh 38.73 8.66 0.2236 0.042p 23.82(08 1.3770 0.0578
2 2 Karve Road 15.46 4.24 0.2743 0.0515 19.4194 882 0.0663
3 3 Ghole Road 13.91 2.46 0.1769 0.0332 30.151 788.4 0.0491
4 4 Warje-Karvenagar 15.26 4.49 0.2942 0.0%52 TA®10 1.2577 0.0695
5 5 BS Dholepatil P 12.64 211 0.1669 0.0313 31.90491.5039 0.0471
6 6 Hadapsar 26.86 6.28 0.2338 0.0439 22.7)792 3.35[7 0.0596
7 7 Yeravada 29.24 6.68 0.2285 0.0429 23.3127 6.367 0.0587
8 8 Sangamvadi M 30.39 5.90 0.1941 0.0365 27.4329 383.4 0.0524
9 9 Bhavanipeth 2.79 2.05 0.7348 0.1380  7.2484 0286 0.1187
10 10 Kasbapeth C 4.26 2.18 0.5117 0.0961 10.4075 173.0 0.0978
11 11 Vishrambaugwada 8.56 2.61 0.3049 0.0572 T3.46 1.2422 0.0711
12 12 Tilak Road 13.60 2.83 0.2081 0.0391 25.5944 .4081 0.0550
13 13 Bibvewadi 22.13 6.51 0.2942 0.05p2 18.1048 2578 0.0695
14 14 Sahkarnagar 9.47 3.13 0.3305 0.0621 16.1138 .2072 0.0749
15 A A 36.01 9.94 0.2760 0.0518 19.2943 1.2854 0.0666
16 B B g 39.54 12.28 0.3106 0.0583 17.1482 1.2342 7200
17 C C I\é 66.85 15.00 0.2244 0.0421 23.7364 1.3754 570.0
18 D D 29.19 9.88 0.3385 0.0636 15.73p6 1.196P 6107

Total 414.90 | 107.23 5.3259 1.2201

Source: Computed by author

Log (m) =log 18

Log 18 = 1.2552
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Table. 4.6Entropy Calculation for the Time Period of 2004

Sr. No. | Ward Number Committee/Ward TGA 2004 | Density(Dj) PDj 1/PDj | log(1/PDj) | PDj*log(1/PDj)
1 1 Aundh 38.73 | 10.18 0.2628 0.0317 31.55p8 1.4990 0.0475
2 2 Karve Road 15.46 5.44 0.3519 0.0424 23.5661 72B3 0.0582
3 3 Ghole Road 13.91 4.55 0.3271 0.0394 25.3508 040.4 0.0554
4 4 Warje-Karvenagar 15.2¢ 7.37 0.4830 0.0582 D716 1.2348 0.0719
5 5 BS Dholepatil P 12.64 4.19 0.3315 0.0400 25.01551.3982 0.0559
6 6 Hadapsar 26.8§ 11.5p 0.4300 0.0519 19.2841 52.2§ 0.0666
7 7 Yeravada 29.24  14.00 0.4788 0.0577 17.3191 85%.23 0.0715
8 8 Sangamvadi M 30.39 12.51 0.4116 0.0496 20.1442 3041. 0.0647
9 9 Bhavanipeth 2.79 2.39 0.8566 0.1033 9.6802  59.98 0.1018
10 10 Kasbapeth c 4.26 2.73 0.6408 0.0773 12.9397 119.1 0.0859
11 11 Vishrambaugwada 8.56 4.26 0.4977 0.0600 26.66 1.2217 0.0733
12 12 Tilak Road 13.60 5.68 0.4176 0.0504 19.8549 .297B 0.0654
13 13 Bibvewadi 22.13| 13.1% 0.5942 0.0717 13.9551 .1447 0.0820
14 14 Sahkarnagar 9.47 6.4Y 0.6832 0.0824 12.1373.0841 0.0893
15 A A 36.01 | 14.83 0.4118 0.0497 20.13p3 1.304p 0.0648
16 B B g 39.54 | 12.44 0.3146 0.0379 26.3561 1.4209 5390
17 C C M 66.85| 26.80 0.4009 0.0433 20.6850 1.3157 638.0
18 D D ¢ 29.19| 11.62 0.3981 0.0480 20.8314 1.3187 63B0

Total 414.90| 170.16 8.2923 1.2352

Source: Computed by author

Log (m) =log 18

Log 18 = 1.2552
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Table 4.7Entropy Calculation for the Time Period of 2008

Sr. No. | Ward Number Committee/Ward TGA 2008 Density(Dj) PDj 1/PDj log(1/PDj) | PDj*log(1/PDj)
1 1 Aundh 38.73 | 18.64 0.4812 0.0456 21.9403 1.341p 0.0611
2 2 Karve Road 15.46| 7.00 0.4528 0.0429 23.3195 677.3 0.0587
3 3 Ghole Road 13.91 4.73 0.3400 0.0322 31.0609 9214 0.0481
4 4 Warje-Karvenagar 15.26 9.0( 0.5898 0.0559 PRY0 1.2529 0.0700
5 5 BS Dholepatil P 12.64 4.80 0.3797 0.0360 27.80441.4441 0.0519
6 6 Hadapsar 26.86 19.03 0.7085 0.0671 14.9030 33.17 0.0787
7 7 Yeravada 29.24  20.64 0.7059 0.0669 14.9581  49.17 0.0785
8 8 Sangamvadi M 30.39 14.09 0.4636 0.0439 22.7734 3574. 0.0596
9 9 Bhavanipeth 2.79 2.36 0.8459 0.0801 12.4825 96BO 0.0878
10 10 Kasbapeth C 4.26 3.11 0.7300 0.0691 14.4630 603.1 0.0802
11 11 Vishrambaugwada| 8.56 4.80 0.5607 0.0531 98.82 1.2748 0.0677
12 12 Tilak Road 13.60] 6.24 0.4588 0.0435 23.0124 .362D 0.0592
13 13 Bibvewadi 22.13| 17.08 0.7718 0.0731 13.6805 .1361 0.0830
14 14 Sahkarnagar 9.47 6.79 0.7170 0.0679 14.7261.1681 0.0793
15 A A 36.01 | 22.74 0.6315 0.0598 16.7202 1.223p 0.0732
16 B B (F:) 39.54 | 2459 0.6219 0.0589 16.97]76 1.2299 7240
17 C C M 66.85| 27.46 0.4108 0.0389 25.7052 1.4100 540.0
18 D D ¢ 29.19 | 20.10 0.6886 0.0652 15.3342 1.1857 77RO

Total 414.90 | 233.20 10.5586 1.2417

Source: Computed by author

Log (m) =log 18
Log 18 = 1.2552
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4.9 Rise of on-going urban sprawl

The calculation of Shannon’s entropy measure indectghat PMC and PCMC
continue to sprawl from 1980 to 2008. The entroplug for 1980 is lower than that
of 2008. In comparison to 1993 average relativeopytvalue of 0.767, calculated by
Yeh and Li (2001)for the 24 buffer zones around the 29 towns of goman City in
Guangdong Province in China, all 6 entropy values Galgary are higher. This
implies that urban sprawl in PMC and PCMC was ariare serious matter than that
detected by Yeh and Li in their study.

Given an existing set of land development policigslack therefore, the
driving force behind urban sprawl in PMC and PCMQoopulation growth. Figure
4.3 shows PMC and PCMC population growth from 1951612 for demonstrating

a strong correlation with the growth of sprawl.

Table 4.8Shannon's Entropy values of PMC and PCMC in thed&s/

Sr. No. Year Entropy (Et) AEt
1 1992 - 1980 0.7539 0.2099
2 1999 - 1992 0.9638 0.0082
3 2004 - 1999 0.972 0.0121
4 2008 - 2004 0.9841 0.0052
5 2008 0.9893

Source: Computed by author
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g o /
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Year —Entropy (Et)

Fig. 4.1Five Years Relative Entropy Values
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Fig. 4.3Population Growth of PMC and PCMC area

The analysis shows the Entropy (Et) for the diffeéreyears 1979-80
(Toposheets) was 0.7539 for a population of 14ak#d. In comparison to 2008 (IRS
P6 LISS — lll), Entropy value was 0.9893 for a plagion of 39.24 lakhs estimated.
Even then the Entropy values in these both cases amove 0.5, indicating a higher

rate of sprawl.
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Built-up area of PMC and PCMC from Toposheet (1980)

Legend A

B Built-up 0 2 4Km
|:| Administrative Ward/Commitee N E—
Boundary
Fig. 4.1
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Built-up area of PMC and PCMC from LANDSAT ETM+ (1992)
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Fig. 4.2
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Built-up area of PMC and PCMC from LANDSAT ETM+ (1999)
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Fig. 4.3
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Built-up area of PMC and PCMC from IRS P6 - LISS III (2004)
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Fig. 4.4
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Built-up area of PMC and PCMC from IRS P6 - LISS III (2008)
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Fig. 4.5
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Table 4.9Change in Built-up area from 1980-2008

Built-up Built-up Built-up Built-up Difference
Sr. No. Committee/Ward area 198( | areain % | area 200¢ | areain% | areain %
1 Aundh 0.96 2.48 18.64 | 48.13 45.65
2 Karve Road 0.08 0.52 7.00| 45.28 44.76
3 Ghole Road 1.78 12.80 473 34.00 21.20
4 Warje Karvenagar| p 0.80 5.24 9.00| 58.98 53.74
5 BS Dholepatil 1.18 9.34 480 | 37.97 28.63
6 Hadapsar 0.63 2.35 19.03 70.85 68.50
7 Yeravada M 0.37 1.27 20.64| 70.59 69.32
8 Sangamvadi 0.78 2.57 14.09 46.36 43.79
9 Bhavanipeth 1.04 37.28 2.36| 84.59 47.31
10 Kasbapeth 1.61 37.79 3.11| 73.00 35.21
11 Vishrambaugwada| © 2.75 32.13 480 56.07 23.94
12 Tilak Road 0.67 4.93 6.24 | 45.88 40.95
13 Bibvewadi 0.62 2.80 17.08| 77.18 74.38
14 Sahkarnagar 0.69 7.29 6.79| 71.70 64.41
15 A p 0.31 0.86 22.74 | 63.15 62.29
16 B C 0.83 2.10 2459 | 6219 60.09
17 C M 0.69 1.03 27.46| 41.08 40.05
18 D c 0.4 1.37 20.10 | 68.86 67.49
Total 16.19 233.20

Source: Computed by author

Area in (%)

UL N
T ls e T < m1980 Built-up in %

Q <9
Ward/Committee 2008 Built-up in %

Fig. 4.4Administrative Ward/Committee wise Built-up arearfr 1980-2008
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Above Table 4.9 and Fig. 4.4 represents adminig&ratard/committee wise
built-up area changed from 1980 to 2008. The y8801shows 16.19 sqg. km. (3.9%),
area was under the built-up and according to IRLIB& Ill 2008 satellite imagery
233.20 Sq. km. (56.20%), area is under built-upe Téte of increase is high in 12
administrative wards which was located on periphafrcity centre. In year 1980,
Aundh shows only 0.96 sg. km (2.48%), area undét-bp, but in 2008 it has grown
to 18.64 sqg. km (48.13%). C committee in year 18188ws only 0.69 sqg. km (1.03%),
area under built-up and in 2008 it grew to 27.46ksq (41.08%). Karve Road was
0.08 sg. km. (0.52%) in 1980 and in 2008 it wa®'&0. km. (45.28%), area under
built-up. The core area shows the vertical spravd peripheral wards were showing
the horizontal sprawl. In PCMC area A ward was growv31l sq. km. (0.86%) to
22.74 (63.15%), it means that this ward has groov22.43 sq. km. (62.29%). This
table and bar graph shows the total percentageeaf ander built-up from 1980 to
2008 it was grown with an average 49.54% and difé¢rence between these two

years is that 217.01 sq. km. in 28 years.
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Fig. 4.6 Aundh Built-up
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Fig. 4.7 Karve Road Built-up
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Fig. 4.8 Ghole Road Built-up
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Fig. 4.9 Warje Karvenagar Built-up
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Fig. 4.10 Dholepatil Road Built-up
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Fig. 4.11 Hadapsar Built-up
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Fig. 4.13 Sangamwadi Built-up
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Fig. 4.14 Bhavanipeth Built-up
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Fig. 4.15 Kasbapeth Built-up
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Fig. 4.16 Vishrambaugwada Built-up
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Fig. 4.17 Tilak Road Built-up
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Fig. 4.20 A Committee Built-up

103




1980 1992

0 ) 4Km. Legend 0 - 4 Kii. Legend -
S S - Built-up L L - Built-up

1999 2004

Legend
0 ) 4Km. Legend 0 2 4 Km. :
| I T - Built-up " - Built-up
N
2008 1980 to 2008 A

Legend )
0 2 4Km. _ 0 2 4km. B Buitt-up 1980
- Built-up

L - Built-up 2008

Fig. 4.21 B Committee Built-up

104




K Legend
4 0 2 4Km. [l Buil-up

Legend

4 Km. - Built-up

Legend

0 2 4 Km. - Built-up

I E—

Legend
0 2 4 Km. - Built-up

Legend

4 Km. - Built-up

I |

Legend
I Built-up 1980

0 2 4 K. [l Buiti-up 2008
| S |

Fig. 4.22 C Committee Built-up




1980

Legend

- Built-up

- Built-up

Legend

- Built-up

Legend

- Built-up

1980 to 2008 N

A

Legend

- Built-up 1980
- Built-up 2008

Fig. 4.23 D Committee Built-up

106




Change in Built-up area of PMC and PCMC from
Toposheet and IRS P6 - LISS III (1980 and 2008)

Legend

N
I Built-up (Toposheet 1980) A
- Built-up (Image 2008)
|:| Administrative Ward/Commitee 0 2 4 Km.
Boundary

Fig. 4.24
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PMC and PCMC built-up change from 1980-2008

Aundh

Aundh (Figure 2.6) administrative ward is having area out of total
geographical area is 9.33% of study region. In 198018% area of total
administrative ward is under built-up and it ined in 2008, at 48% means the total
sprawl is 45.65%. In another words this ward gréatithes in the sprawl within 28
years. The annual growth of urban sprawl is 1.77%e probable causes of this
sprawl are due to many geographical, administratilefence factors. Among the
urban factors Kirkee Cantonment, Pune Universitgic& College and Pune —
Mumbai highway goes through this ward. After 2008 built-up was spread the East
side because of Indian Meteorological DepartmemiD, National Chemical
Laboratory (NCL), and Balewadi sports stadium alyea@stablished in East side.
Therefore West, NW and East sides are highly slaitédr the urban sprawl and its
growth.

Karve Road

Karve Road (Figure 2.7) administrative ward show8% of area Out of total
geographical area in study region. In 1980, 0.528a af total administrative ward is
under built-up and it increased in 2008, at 45.28&ans the total sprawl is 44.76%.
The growth of urban sprawl is 1.59% per year. I dlotual study, growth is towards
the SW and West in 1980. One of the fastest grovemigurbs in the nineties, it
developed into a self-contained township at therisection of Karve Road and Paud
Road was virtually given over to fruit gardens,ezaldle back. This area is primarily a
residential area with larger shopping complexesrasthurants. It has Institutions like
MIT, Cummins, which are among the best engineersgtutions in Pune. Banglore
High-way has gone from East side of this ward. Bo8W and NE areas are highly
grown after 1999. These are the favorable reasomsuilt-up growth.

Ghole Road
In study area Ghole Road (Figure 2.8) administeatiard is having 3.35%
area out of total geographical area. In 1980, P2.80ea of total administrative ward
is under built-up and it increased in 2008, at 3#%ans the total sprawl is 21.20%.
The annual growth of urban sprawl is 0.75% per y&hrs ward is located near core
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area of Pune city. East side was covered with. llSouth and West side built-up
was strong in between 1980 to 1999. But from 2@02008 the East side shows built-
up. This area is grown because of Agricultural @mity, Deccan Gymkhana, ILS
Law Collage, Ferguson College, Symbiosis, Balbha@Gitatushrungi Temple, Malls,
Shopping Complexes, Movie Theaters, good infrasitrecfacilities, Transport is well
and healthcare facilities are stronger in this wadrdat's why this ward was fully

grown with built-up.

Warje - Karvenagar

Out of total geographical area, Warje-Karvenagaguife 2.9) administrative
ward shows 3.68% of study region. In 1980, 5.24%a af total administrative ward
is under built-up and it increased in 2008, at B&%9means the total sprawl is
53.74%. The annual growth of urban sprawl is 52841.91% per year. This ward is
located peripheral area of the city. East side ea®red with hills. A South, North
and West sides built-up were suitable for settlamerhis area was grown because
of Hingne Sri Shikshan Sanstha, Dinanath Mangestkaspital and healthcare

facilities are very strong in this ward.

B. S. Dholepatil Road
B. S. Dholepatil Road (Figure 2.10) administrativerd covers 3.05% Out of

total geographical area in the study area. In 19884% area of total administrative
ward is under built-up and it increased in 20083Aa087% means the total sprawl is
28.63%. The annual growth of urban sprawl is 1.G#fyear. This ward is located
near cantonment areas of the city. The ward shessbuilt-up in year 1980 towards
west of the ward. But in the year 2008 this wardveh built-up were both sides of the
ward. The middle areas were having less built-umpmare to others. This area was
grown because of Pune Railway Staion, Sasoon Huispit. Babasaheb Amedkar
Udyan, Naidu Hospital, Wadia Collage, Ruby Halln@lj Jahangir Hospital, Osho

Garden and Koregaon Park.

Hadapsar
Hadapsar (Figure 2.11), administrative ward is tedahe periphery of the
study area and this ward covers 6.47% area Oudtaf geographical area. In 1980,
2.35% area of total administrative ward is unddttfup and it increased in 2008, at
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70.85% means the total sprawl is 68.50%. The angu@kth of urban sprawl is
2.44% per year. This ward is located on peripluérthe city. The ward shows built-
up in year 1980 towards NE to west, diagonal hupltwas found in this ward. But in
year 1999 to 2004 this ward shows built-up Easts\Vé@md South sides of the ward
and in 2008 this ward was grown fully. This aressweown because of Magar Patta
City, Nobel Hospital and Hadapsar PMPML Depot.

Yerawda

Yerawada (Figure 2.12), administrative ward show% of area in the study
region. In 1980, 1.27% area of total administratward is under built-up and it
increased in 2008, at 70.59% means the total spsaf@.32%. The annual growth of
urban sprawl is 2.47%. This ward is located onpleny of the city. The ward shows
built-up in year 1980 towards East and middle pathe ward. In 1992 to 2008 this
ward was grown in Pune-Nagar Highway side, Lohgaipportside and Mula-Mutha
river side. This area grew because of Yerawada Uahagaon Airport, Agakhan

Palace, and Kharadi Infotech.

Sangamwadi
Sangamwadi (Figure 2.13), administrative ward isir 7.32% of study

region. In 1980, 2.57% area of total administratward is under built-up and it
increased in 2008, at 46.36% means the total spsaf8.79%. The annual growth of
urban sprawl is 1.56% per year. This ward is lataie periphery of the city. The
ward shows built-up in the year 1980 towards No8buth and some part of West
direction in ward. In 1999 to 2008 this ward wasvagn in Three Directions of ward
only North direction had less built-up comparedotber directions. This area has
grown because of the confluence of Mula and Mutivers, Deccan Collage,

Nanasaheb Parulekar Vidyalaya and Subhashchandr&iBgalaya.

Bhavanipeth

In the total geographical area, Bhavanipeth (Fiduie&), administrative ward
occupies 0.67% of study region. In 1980, 37.28% afetotal administrative ward is
under built-up and it increased in 2008, at 84.58&ans the total sprawl is 47.31%.
The annual growth of urban sprawl is 1.68% per y€his ward is located in the core

of the city. The ward shows built-up in the yeaB@9owards North, East and West
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direction and southern part shows less built-ugand. In 1999 to 2008 this ward has
grown in all Directions of ward. This area has gnadvecause Mahatma Fule Wada, J.
A. V. Stadium, Nanapeth commercial area, and sdaw@brs of the ward. This ward
has strong health care facilities because of variowltispecialty hospitals were

located in this ward.

Kasbapeth

In the view of total geographical area of PMC ar@MZ, the Kasbapeth
(Figure 2.15) administrative ward covering 1.03%aarn 1980, 37.79% area of total
administrative ward is under built-up and it ined in 2008, at 73% means the total
sprawl is 35.21%. The annual growth of urban spiawl.26% per year. This ward is
located in the core of the city. This ward shovss Ibuilt-up on southern and NE side
in year 1980. But in 1999 southern side shows iesy built-up. In 1999 to 2008 this
ward was grown in all directions of ward. This asgas grown because Shaniwar
Wada, Vishrambaugwada, Kasba Ganpati Temple, DagtlusHalwai, Ganpati,
Mahatma Fule Mandai, Tulshibag, Laxmi Road, ClothArngents, commercial
complexes, shopping plazas area, and social facfotee ward. This ward has a

strong multiple facilities because this ward isha core of the city.

Vishrambaugwada

Vishrambaugwada (Figure 2.16&dministrative ward is comes under core
area of the PMC and out of total geographical aréa,ward occupied 2.06% area of
study area. In 1980, 32.13% area of total admatise ward is under built-up and it
has increased in 2008, at 56.07% means the totaWkjs 23.94%. The growth of
urban sprawl is 0.85% per year. This ward is latatear the core of the city. This
ward shows built-up on middle and south side inryE280. But after 1992 shows
growth from all sides of the ward, only NE side hess built-up in 2008. This area
has grown because of Swargate is in the main cémtrigansportation and PMPML
Depot as well as Head Office was established m ward. But Market yard, Parvati
Temple, Salisbury Park, Taljai Temple, Tilak Maltshtaa Vidyapeeth and Cloth
garments, commercial complexes, shopping plazas saihl factors were also

responsible for the growth of the ward.
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Tilak Road

Pune and Pimpri-Chinchwad area is double than Ghiemunicipal area
according to PMC and PCMC JNNURM draft and outhi$ total geographical area,
Tilak Road (Figure 2.17)administrative ward shows 3.28% of study region1980,
4.93% area of total administrative ward is undaltfup and it increased in 2008, at
45.88% means the total sprawl is 40.95%. The angu@aith of urban sprawl is
1.46% per year. This ward is located peripheryhefdity. This ward shows diagonal
built-up on south to NE side in year 1980. But aft692 to 2004 it shows growth
towards west and south of the ward, only SE sids sf®ws less built-up in 2008.
This area was grown because this area was usedsakemtial, Commercial and
cultural purposes. This ward was highly suitable Bailt-up and Mutha River was

blowing from north border of the ward.

Bibvewadi

The total geographical area of PMC and PCMC is 914nd out of that
Bibvewadi (Figure 2.18)dministrative ward covered 5.33% of area. In 12880%
area of total administrative ward is under builtarg it increased in 2008, at 77.18%
means the total sprawl is 74.38%. The annual grayitrban sprawl is 2.66% per
year. This ward is located periphery of the cithisTward shows more built-up on
North and NE side in year 1980. But 1992 to 200 yshows the growth towards all
sides of the ward, only some parts were havinghesisup and in 2008 built-up was
spread with all directions. This area was grownabee St. Patrick’'s Church (e.qg.
Fatima nagar was built around the church), Shin@iett@, NIBM, Katraj Lake,
Military area, Army School of Physical Training (R¥) and industries like Kirloskar

Pneumatic Indian Hume Pipe, Tata Honeywell and &tfaorge.

Sahakarnagar

Sahakarnagar (Figure 2.1%)}dministrative ward is located on periphery area
of the study area and it has 2.28% area, out af ¢gographical area. In 1980, 7.29%
area of total administrative ward is under builtarg it increased in 2008, at 71.70%
means the total sprawl is 64.41%. The annual graMitarban sprawl is 2.30% per
year. This ward is located periphery of the cithisTward shows more built-up on
North and NE side in year 1980. But 1992 to 200 yshows the growth towards all

sides of the ward, only some parts were having tkesk-up and in 2008 built-up
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spread in all directions. This area has grown bexaf Bharati Vidyapeeth, Rajiv
Gandhi Prani Sangrahalaya, Agam Temple, AmbegadhaPand Pune-Satara

Highway goes through this ward.

A Committee
In the analysis of study area A (Figure 2.20), adsfiative committee,

showing 8.68% out of total geographical area. 180190.86% area of total
administrative ward was under built-up and it imsed in 2008, at 63.15% means the
total sprawl is 62.29%. The annual growth of urlsprawl! is 2.22% per year. This
committee shows more built-up on south and NE sideear 1980. But 1992 to 2008
years shows the growth of all sides of the commjttaly middle part had less built-
up otherwise this built-up was spread in all diets. This area has grown because
Nigdi Pradhikaran, industrial areas, Commercialagrand residential areas were
located in this Committee. Pune-Mumbai National Hdvgy has gone through this

committee

B Committee

The study area is having 18 administrative wardsfuodtees, out of these B
(Figure 2.21), administrative committee shows 9.58%tudy region. In 1980, 2.10%
area of total administrative ward was under byiitand it increased in 2008, at
62.19% means the total sprawl is 60.09%. The angu@ahth of urban sprawl is
2.14% per year. This committee shows more builbopwest and east side in year
1980. But 1992 to 2008 years shows the growth tdsvall sides of the committee,
only some part of NE had less built-up, otherwisis tbuilt-up was spread in all
directions. This area has grown because Hindusthatibiotics Factory, YCM
Hospital, Chinchwad gaon, industrial areas, Comimakareas and residential areas
were located in this Committee. Pune-Mumbai Natiddighway has gone through

this committee.

C Committee

C (Figure 2.22), administrative committeecupies 16.11% area out of study
area. In 1980, 1.03% area of total administrativerdmvas under built-up and it
increased in 2008, at 41.08% means the total spsad.05%. The annual growth of

urban sprawl is 1.43% per year. This committee shmwre built-up on southeast and
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west side and other areas had less built-up in3@80. 1992 image shows the growth
towards east to west including north area and Steotommittee shows more built-
up. 1999 to 2008 shows the growth from all sideshef committee. This area has
grown because Pune-Nashik National Highway has gbrmugh this committee.
Bhosari gaon, industrial, Commercial and residéndieeas were located in this
Committee.

D Committee

Out of total geographical area, D (Figure 2.23)m@uttee, administrative
ward shows 7.04% of study region. In 1980, 1.37%aaf total administrative ward
was under built-up and it increased in 2008, aB&&h means the total sprawl is
67.49%. The annual growth of urban sprawl is 62892.41% per year. This
committee shows small patches were spread witht-bypilin 1980. 1992 to 2008
shows the growth in all directions. This area haswg because Pune-Mumbai
National Highway has gone through this committeeasawadi, industrial,

Commercial and residential areas were locatedisnGbmmittee.

4.10 Conclusion
This Chapter was under the title ‘An assessmenturbfan sprawl’. The

LANDSAT ETM+ and IRS P6 LISS Il satellite data veerused for the
monitoring the sprawl and for measuring the sprdvel Shannon’s entropy was
used. Administrative ward / committee wise sprawl Rune and Pimpri-
Chinchwad over different periods of time from 19801992, 1992 to 1999,
1999 to 2004 and 2004 to 2008 analyzed with the ldél Shannon’s entropy
technique.
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Chapter V
CIVIC AMENITIES

5.1 Introduction

The pressures of utility market around the globe @pen out. Utilities are
often required to compete with domestic and forgigivatization forces for cost-
effective operations and manage facilities adoptimge-proven, quality-driven, and
realistic business practices to better serve thmiqun today’s competitive market,
managing utility services has become a challengm@ntrepreneurs for effective
utilization of economic concepts to develop a pcattcost management approach.
An integrated Utility Management System with Gegdpiaal Information System
(GIS) is essential to capture, store and analyee dbmographic changes, spatial
changes and aging infrastructure of the utilitywmes. Utility GIS have become an
excellent way to record what you have and whesdatated. Thus, it helps to quickly
identify maintenance problems and also the engingef utilities.

The various utility services like urban transpod@at multispecialty hospitals

and medium wise primary schools were given below.

5.2 Urban Transport

Keeping traffic moving is the big challenge thdtlalels of management are
facing globally. Private travelers, commercial razskrs, and the public sector are
continually searching for a new and faster traeeltes. The old adage, ‘information
is power’ is the understandable solution to th#itr@roblem. Travelers wish for real-
time information to help them to select the besitedo take at any given time. They
need to know traffic speeds, incidents and roadlitions.

An India’s transportation structure represents mepment phase of India. But
at the same time highly urbanized countries arangadigher difficulties of
transportation management and spending lots capital endeavor for solving
individual's problems. Increasing traffic congestidthe need to protect the situation
and the problems of road security is the main nedeo many cities worldwide to
think of new plans in public transportation scheme.

Urban Bus: In view of the technological superiorigd other advantages,
urban bus may be introduced in metropolitan citieplacing the standard bus
currently in use. The Central Government shouldroe 50 per cent of the cost of
2,000 urban buses, as an initial investment towardse efficient public transport.
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Dedicated Bus-ways: As a major part of the trarntsgpemand will continue to be met
by the bus system in cities, it is important toilieete their movement through

provision of dedicated bus-ways.

5.3 Pune Mahanagar Parivahan Mahamandal Limited (PMPML)

Pune Mahanagar Parivahan Mahamandal Ltd or PMPMLlthés public
transport service provider for the city of Pune &hhe Metropolitan region, which
includes areas surrounding Pune and Pimpri-Chindhwa

At present, the PMPML has around 1600 buses omd&és on a given day.
The number of routes has almost reached 300 dtietaddition of a couple of new
routes over the past few months, operating 63.4iamikm of route and transports
approximately 0.23 billion passengers per annuns. fates are charged on the basis
of km travelled, and range from the minimum fareRst1.4 for 2 km to Rs.14.85 for
a journey of 60 km.

In February 2008, the Union urban development ririinideared a proposal to
provide funds for purchasing 650 public transpousds for Pune and Pimpri-
Chinchwad. The funds have been issued under theh#alal Nehru National Urban
Renewal Mission (JNNURM). Of the total, 200 werg@psosed to be semi-low floor
buses. The number of buses sanctioned for PunéQs \while that for Pimpri-
Chinchwad is 150.

5.3.1 PMPML Depots

Pune Mahanagar Parivahan Mahamandal Ltd or PMPMiavéng 10 depots
in PMC and PCMC area. Currently these depots h&®@® Ivorking buses out of
these 327 buses are Casual contract buses andate@MPML buses. PMC and
PCMC areas are having 3380 bus stops throughouitthas well as 344 routes and
18522 trips per day. Depot wise distribution of mMMPbuses are given in following
table.
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Table 5.1 PMPML Depot wise Distribution of Buses in PMC &é@MC area

Regular No. of Casual
PMPML Contract Total No. of
Sr. No Name Buses Buses Buses % of Buses
1 Hadapse 144 36 18C 11.1¢
2 Katraj 15k 51 20€ 12.8(
3 Swargat 212 36 24¢ 15.41
4 Marketyarc 56 21 77 4.7¢
5 Kothruc 16C 17 177 11.0C
6 N T Wadi 197 41 23¢ 14.7¢
7 Pune Statio 88 37 12¢ 7.71
8 Bhakti-Shakti (Nigdi 81 49 13C 8.0¢
9 Sadguru Nagar (Bhosa 45 22 67 4.1¢€
1C Nehrunage 144 17 161 10.01
Total 1282 327 1609 100

Source: PMPML Head Office, Svargate, Pune
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Fig 5.1 Depot wise Distribution of Buses in PMC and PCMC

From the study of utility services Swargate depguaivés the highest buses in
depot 15.41% (248) followed by N. T. Wadi 14.79988pand Katraj 12.80% (206)
in Depots. Sadguru Nagar (Bhosari) depot was shmwgs 4.16% (67), Marketyard
4.79% (77) and Pune Station 7.77% (125) in depothiid 11% (177), Hadapsar
11.19% (180 buses), Nehrunagar 10.01% (161) andckiB&hakti 8.08% (130)
PMPML buses.
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PMPML Bus Depots in PMC and PCMC area
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PMPML Bus Depots with Road Network in PMC and PCMC area




Depotwise Distribution of regular PMPML Buses in
PMC and PCMC area
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Depotwise Distribution of PMPML Casual Contract Buses
in PMC and PCMC area
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PMPML Bus Depots with total number of Buses
in PMC and PCMC area
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One Kilometer Buffer along PMPML Depots
in PMC and PCMC area
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Two Kilometer Buffer along PMPML Depots

in PMC and PCMC area
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Three Kilometer Buffer along PMPML Depots
in PMC and PCMC area




Multiple Ring Bufter along PMPML Depots
in PMC and PCMC area




5.4 Inver se Distance Weighted inter polation (IDW)

An interpolation technique that estimates cell galin a raster from a set of
sample points that have been weighted so thatattileer a sampled point is from the
cell being evaluated, the less weight it has incédeulation of the cell's value.

Figure No. 5.3, 5.4 and 5.5 shows the distribuabRegular PMPML Buses,
Casual Contract Buses and Total No. of Buses i empot respectively. Green,
color shows higher concentration of buses andaeldyr shows less concentration of
buses in each depot.

Fig 5.3 shows Swargate, N. T. Wadi, Kothrud, Katrejadapsar, and
Nehrunagar depots have the high concentration giilae buses in depot. Bhakti-
Shakti, Sadgurunagar, Pune Station and Marketyaund Hepots show less
concentration of regular buses in depot.

Fig 5.4 shows Swargate, N. T. Wadi, Katraj, HadgpBaine Station and
Bhakti-Shakti depots are the high concentratiorcagual contract buses in depot.
Nehrunagar, Sadgurunagar, Kothrud and Marketyard blepots show less
concentration of casual contract buses in depot.

Fig 5.5 shows the total No. of regular and casoatract buses in the study
area. Swargate, N. T. Wadi, Katraj, Hadapsar anthiid depots are the high
concentration of buses in depot compare to othpotde Nehrunagar, Sadgurunagar,
Pune Station, Kothrud and Marketyard bus depotshosving less concentration of

buses in depot. Bhakti-Shakti depot shows mediunceatration of buses in depot.

5.5 Buffer Analysis
A zone around a map feature measured in unitsstduice or time. A buffer is
useful for proximity analysis. A polygon is encloegia point, line, or polygon at a

specified distance.

5.5.1 Point Buffer

Figure No. 5.6, 5.7 and 5.8 shows 1 km. 2 km ardn3 buffer along the
PMPML depots. These buffers cover an area of 1 til@neter from the depot
location. These areas are under public zone ththugy were taking the benefits of

the bus transport.
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5.5.2 Multiple Ring Buffer

This buffer analysis creates a new feature classifiér features using a set of
buffer distances. The new features may be dissalgaty the distance values, or as a
set of individual features.

Fig No. 5.9 shows the multiple ring buffers alohg PMPML depots in PMC
and PCMC area. Gray color shows the 1 km. buffeee@ color shows the 2 km.
buffer and Blue color shows 3 km. buffer along tiepots. These buffers cover the
area from 1 to 3 km. These buffers are going tecaimost all the area of the city as

well as some parts of the outside area.

5.6 Generation of Hospital Utility Database

In present work the author has considered only mhedical services
(Hospitals). In the last 5 to 6 years No. of acoidehave increased dramatically.
Population increase leads to the increase in npaténts in various diseases such as
heart, mental, and kidney etc.

In the present study only hospitals having muitidisis and treatment
facilities and 24 hrs open hospitals have beenidered, while nursing home or
clinics are also considered.

In the present study an attempt has been madssttout no. of hospitals
(Administrative Ward/Committee wise) with their spaty, facility available and
other emergency services. At present PMC is catagb into 14 administrative
wards and PCMC is categorized into 4 committeesiwhiave no. of 2262 Hospitals
in PMC and PCMC which includes Govt. added hospitadd medical colleges with
multispecialty hospitals. But they are concentrated¢ore areas. As urban built-up
expands all around peripheral areas of the cigretmewly added PMC and PCMC
areas lacks special and super specialty hospitajs Karvenagar, and other ward lack
big hospitals.

In the present study, with the help of GIS one easily approach any kind of
medical information such as nearest multispecisibgpitals providing at glance
information such as hospital location and nearadtispecialty hospital in the study

area.

128



Table 5.2 Multispecialty Hospitals in PMC and PCMC

Sr. No Committee/Ward Population %?;gii]e/ Gynecologist gfrngiro&:l] PI;?;ncl:gn Pediatrics | Anaesthilogy | ENT | Others | Total Hsg)pﬁfals
1 Aundh 179886 140 7 6 0 4 1 1 16 17% 8.49
2 Karve Road 201527 93 3 1 0 1 2 0 17 117 5.67
3 Ghole Road 204316 237 11 2 4 4 2 1 23 2B4 13.77
4 Warje Karvenagar 116386 190 12 8 7 14 9 4 34 47813.48
5 BS Dholepatil P 218306 114 7 3 5 2 1 0 9 141 6.84
6 Hadapsar 239370 45 3 2 0 1 3 3 5 62 3.01
7 Yeravada 251100 33 0 0 1 1 1 0 8 44 2.3
8 Sangamvadi M 213718 13 2 0 0 0 0 @ 3 18 0.87
9 Bhavanipeth 205009 64 1 1 1 1 2 2 6 78 3.78
10 Kasbapeth c 100059 170 14 3 7 5 12 i 24 241 11.69
11 Vishrambaugwada 154425 73 3 0 3 2 0 1L 9 )1l 4.41
12 Tilak Road 211103 114 9 2 8 2 3 1 3 1%2 7.37
13 Bibvevadi 239530 82 6 4 4 4 1 1 16 118 5.72
14 Sahkarnagar 161665 115 7 4 5 3 3 L 19 157 7.61
15 A Committee P 199995 17 1 1 0 0 0 0 2 21 1.02
16 B Committee c 168967 35 0 2 0 q 38 1.84
17 | C Committee M 209139 13 0 0 0 1 16 0.78
18 D Committee c 167345 23 1 0 1 q 31 1.50

Total 3441846 1571 91 38 47 45 40 22 208 2062 100
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5.7 M ultispecialty Hospitalsin PMC and PCMC

Table 5.1 shows multispecialty hospitals in PMC d@MC in various
administrative wards/committee. Fig No. 5.18 shdles total no. of multispecialty
hospitals in each ward/committee. Total No. of liaspare 2062 in the study area.
Ghole Road 13.77% (284), Warje-Karvenagar 13.4898)2nd Kasbapeth 11.69%
(241), administrative wards have highest multisplégihospitals. General/Practice
hospitals are highest compared to other hospitalgwed by other multispecialty
(208) and Gynaecologists (91) in the study areaT,ERamily Physician and

Pediatrics are very less in the study area.

5.7.1 General / Practice Hospitals

Figure 5.10 shows the distribution of general ctica hospitals in the study
area. Bhavanipeth, Bibvewadi and Yerawada wards haore hospitals in the study
area. Karve Road, Kasbapeth, Hadapsar, A, B, CDaméards/committees has less

concentration of hospitals in the study area.

5.7.2 Gynaecology Hospitals

Figure 5.11 shows the distribution of gynaecologggitals in the study area.
Bhavanipeth, Bibvewadi and Yerawada wards have nhospitals in study area.
Karve Road, Kasbapeth, Hadapsar, Warje-Karven&gdrakarnagar, A, B, C and D
wards/committees has less concentration of hospitathe study area. Aundh, Ghole

Road, Tilak Road and Sangamwadi wards have medaspitals.

5.7.3 General Surgeon Hospitals

Figure 5.12 shows the distribution of general sanghospitals in the study
area. Bibvewadi ward is having more hospitals udgtarea. Aundh, Ghole Road,
Sangamwadi, Tilak Road and Yerawada wards are gaviedium and other wards

are comes under less concentration of hospitaleistudy area.

5.7.4 Family Physician Hospitals
Figure 5.13 shows the distribution of family phyait hospitals in the study
area. Bibvewadi, Vishrambaugwada and Yerawada waawle more hospitals in the

study area. Warje-Karvenagar, Ghole Road, Sangamwdailbk Road and
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Bhavanipeth wards have medium and other wards aorder less concentration of

hospitals in the study area.

5.7.5 Pediatrics Hospitals

Figure 5.14 shows the distribution of pediatricsgitals in the study area.
Bibvewadi ward has more hospitals in the study.afdak Road, Yerawada, Aundh
and Bhavanipeth wards have medium and other wamthe einder less concentration

of hospitals in the study area.

5.7.6 Anaesthilogy Hospitals
Figure 5.15 shows the distribution of anaesthilbggpitals in the study area.
Yerawada ward has more hospitals in the study éB@avewadi ward is having

medium and other wards come under less concentratibospitals in the study area.

5.7.7 ENT Hospitals

Figure 5.16 shows the distribution of ENT hospitats the study area.
Yerawada ward has more hospitals in the study &ibaewadi and Hadapsar wards
have medium and other wards come under less caatientof hospitals in the study
area.
5.7.8 Other Multispecialty Hospitals

Figure 5.17 shows the distribution of other mukisiplty hospitals in the
study area. Bibvewadi ward is having more hospitathe study area. Yerawada and
Bhvanipeth wards are having medium and other wads comes under less

concentration of hospitals in the study area.
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Distribution of General Hospitals in PMC and PCMC
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Distribution of Gynaecology Hospitals in PMC and PCMC
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Distribution of General Surgeon Hospitals in PMC and PCMC
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Distribution of Family Physician Hospitals in PMC and PCMC
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Distribution of Paediatrics Hospitals in PMC and PCMC
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Distribution of Anaesthiology Hospitals in PMC and PCMC
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Distribution of ENT Hospitals in PMC and PCMC
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Distribution of Other Specialty Hospitals in PMC and PCMC
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Total Number of Multispecialty Hospitals
in PMC and PCMC area
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5.8 Primary Schools

Table 5.3 and Figure no. 5.24 represent the tetadlber of primary schools in
PMC and PCMC area. 484 primary schools are preserthe study area. A
Committee 12.19% (59), D Committee 10.74% (52), @n@ittee 9.71% (47) and
Yearawada 9.50% (46) has more primary schools énstiudy area. Karve Road
1.02% (5), Sahakarnagar 1.45% (7) and Sangamw&8Pd.(8) wards have less

concentration of schools. Other remaining wards eamder medium concentration

of schools.

Table 5.3 Total number of Primary schools in PMC and PCMC

Sr.
No. Committee/Ward TGA | TGAiIn% | Noof Schools | % of Schoals
1 | Aundh 38.73 9.34 24 4.96
2 | Karve Road 15.46 3.73 5 1.03
3 | Ghole Road P 13.91 3.35 25 5.17
4 | Warje Karvenagar 15.26 3.68 22 4.55
5 | BS Dholepatil 12.64 3.05 29 5.99
6 | Hadapsar 26.86 6.47 30 6.20
7 | Yeravada M 29.24 7.05 46 9.50
8 | Sangamvadi 30.39 7.32 8 1.65
9 | Bhavanipeth 2.79 0.67 21 4.34
10 | Kasbapeth 4.26 1.03 18 3.72
11 | Vishrambaugwada C 8.56 2.06 10 2.07
12 | Tilak Road 13.60 3.28 22 4.55
13 | Bibvevadi 22.13 5.33 28 5.79
14 | Sahkarnagar 9.47 2.28 7 1.45
15 | A Committee p | 36.01 8.68 59 12.19
16 | B Committee C 39.54 9.53 31 6.40
17 | C Committee M1 66.85 16.11 47 9.71
18 | D Committee c 29.19 7.04 52 10.74
Total 414.90 100 484 100

Source: PMC and PCMC Shikshan Mandal
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Table 5.4 Medium wise Primary Schools in PMC and PCMC

Sr.No Committee/Ward M ar athi English | Hindi | Urdu | Kannad
1 Aundh 20 3 0 1 0
2 Karve Road 3 0 1 0 1
3 Ghole Road 15 3 3 4
4 Warje Karvenagar P 20 2 0 0
5 BS Dholepatil 16 7 0 6 1
6 Hadapsar 28 1 0 1 0
7 Yeravada M 34 7 0 5 0
8 Sangamvadi 8 0 0 0 0
9 Bhavanipeth 11 4 0 6 0
10 Kasbapeth c 8 3 2 5 0
11 Vishrambaugwada 7 2 0 1 0
12 Tilak Road 18 3 0 1
13 Bibvevadi 21 4
14 Sahkarnagar 6 1 0 0 0
15 A Committee P 54 4 0 1 0
16 B Committee C 28 2 0 1 0
17 | C Committee M 37 7 0
18 D Committee ¢ 45 7 0

Total 379 60 6 38 3

Source: PMC and PCMC Shikshan Mandal

5.8.1 Marathi Medium Schools

Figure 5.19 shows the distribution of Marathi medischools in the study
area. A committee 54, D committee 45, C committéeaBd Yerawada 34 ward has
more Marathi medium schools in the study area. Hsala B committee, Warje-
Karvenagar and Aundh wards have medium and othedswaome under less

concentration of Marathi medium schools in the gtaka.

5.8.2 English Medium Schools

Figure 5.20 shows the distribution of English medischools in the study
area. C committee, D committee, Sangamwadi and wata wards have more
English medium schools in the study area. A conaajtBibvewadi and Bhavanipeth
wards has medium and other wards come under legeitvation of English medium

schools in the study area.
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5.8.3 Hindi Medium Schools

Figure 5.21 shows the distribution of Hindi medigohools in the study area.
Ghole Road ward has more Hindi medium schools énstiidy area. Kasbapeth ward
has Hindi medium and other wards come under lesserdration of Hindi medium

schools in the study area.

5.8.4 Urdu M edium Schools

Figure 5.22 shows the distribution of Urdu mediwhals in the study area.
B. S. Dholepatil Road and Bhavanipeth wards hasrblsdu medium schools in the
study area. Yerawada, Kasbapeth and Ghole RoadsvhasiUrdu medium and other

wards come under less concentration of Urdu medicimools in the study area.

5.8.5 Kannad Medium Schools

Figure 5.23 shows the distribution of Kannad medischools in the study
area. B. S. Dholepatil Road, Ghole Road and KamadRvards has Kannad medium
schools in the study area. Other wards do not hayeKannad medium schools in the

study area.
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Distribution of Marathi Medium Schools in PMC and PCMC
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Distribution of English Medium Schools in PMC and PCMC
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Distribution of Hindi Medium Schools in PMC and PCMC
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Distribution of Urdu Medium Schools in PMC and PCMC
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Distribution of Kannad Medium Schools in PMC and PCMC
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Total No. of Primary Schools in PMC and PCMC area
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5.9 Conclusion

Fifth Chapter focuses on the utility services ltkensportation, hospitals and
primary educational facilities in Pune and Pimp@hinchwad area. Buffer analysis
and shortest path techniques were used for buspiaini.e., PMPMI with the location
of PMPML depots in study area. The distributiomailtispecialty hospitals in study
area was shown with the help of maps. The thirityuts Medium wise distribution
of primary schools like Marathi, English, Hindi, dir and Kannad schools shown

using maps.

150



Chapter VI
CONCLUSIONS AND SUGGESTIONS

6.1 Introduction

Urbanization as a process of change and transfamat yet in the stage of
evolution through the verge and more in develogingntries. Urbanization is also
procedure of villages to be developed into towns famther into cities and so on. In
India, criteria of urban centers are more or lesslar to the ones suggested by the
United Nation. In Census of India (1961) has defineéban centers as “Places having
a minimum population of 5000 with at least 75 patcef male workers being
engaged in non-agricultural activities and the dgnsf population should be 400
persons per square Kilometers”.

The urban sprawl means the urban settlements sprealds the rural fringe,
i.e., growth of built-up area outside the city limi In India major metropolitan cities
are already saturated due to large scale migrafipopulation.

This thesis has demonstrated a methodology forymiaod built-up and land
use classification from SOI toposheets, LANDSAT EfMnd IRS P6 LISS IlI
images using the Shannon’s entropy formula. Thesdiad images were then used to
predict future land use change in xene and Pimpri-Chinchwa8hannon’s entropy
statistics was used to measure the degree of spratwe city. This was shown to be
high and increasing. Smart Growth policies wereoadted as a remedy to problems
generated by high rates of urban sprawl.

An integrated utility management system with gepbreal information
system (GIS) is used to capture, store and anaghgelemographic changes, spatial
changes and aging infrastructure of the utilityweeys. Utility GIS has been become
an excellent way to record what you have and witerdéocated. The various utility
services like urban transportation, multispeciailbgpitals and medium wise primary
schools were studied and analyzed in this thesif§eBanalysis and Multi ring Buffer

analysis techniques were used.
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6.2 Summary

The major aim of the proposed work was to find unlian sprawl in Pune and
Pimpri-Chinchwad area and suggest planning to peowitility services. In order to
serve this aim, following objectives have been fauth. In order to understand
Urban Sprawl of Pune and Pimpri-Chinchwad, the modthogy adopted for the
present study was divided into following phase®. Library work phase,
exhaustive literature survey of the topic of inigeion was undertaken. Published
Literature, Reports were collected from variousdiies, institutes; Govt. departments
etc. Prefield phasejncludes collection of different maps, Satellite gedes
(LANDSAT ETM+ and IRS P6 LISS Il data were usedmap the extent of sprawl
for 1980 to 2008), topographical maps. Collectibman-spatial data, utility services
data details were obtained from PMC and PCMEield work phase, this phase
includes visit to the study area and its fringeaarm different seasons, GPS surveys,
instrumental surveys, photographs, surveys etcewmrried out in the sprawl.
Laboratory work phase includes the digitization of various layers, pnep@n of
maps and other GIS/RS techniqu&ynthesis of the data, Report writing and
submission phase, the data generated during the field, and laboyastudies was
synthesized, interpreted and are incorporatedimthiesis. Entire work is presented
into six integrated chapters, which can be sumradras follows.

First chapter deals with the introduction to thpi¢p basic concepts of urban
area, urbanization, urban sprawl, and its defingjan relation with utility services.
This chapter deals with recent trends at globdipnal, and state level. Occurrence of
sprawl in general and occurrence of sprawl in Pame Pimpri-Chinchwad have been
also discussed briefly. A major component of thisagter is devoted to the
introduction of the study area, criterions for gedection of the study area, aims and
objectives and the literature survey. Literaturevey and part of this chapter deals
with the urbanization, urban planning, urban tramspnd utility services. Review of
modern techniques and methodology adopted forttlty $s also discussed in detail.

Second chapter comprises the profile of the studw @hat gives a detailed
account of location, extent and aerial coveragiefPune and Pimpri-Chinchwad in
the Pune District, (Maharashtra, India). Physiogyapnd climate of the Pune and
Pimpri-Chinchwad. Built-up, landuse, transportatioommunication and population

and demographic structure with characteristichefRune and Pimpri-Chinchwad are
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also discussed in the last part of the chaptemtwkabout socio-economic status of
the Pune and Pimpri-Chinchwad.

Third chapter contains database and methodologmaioach for monitoring
and measurement of sprawl in study area. SOl tamish(1979-80) and different
years satellite data (1992, 1999, 2004 and 200&x wsed for calculation of built-up
area. For assessment of urban sprawl the Shaneotrepy technique was used.
Utility services like, multispecialty hospitals, lgic transportation and medium wise
schools data were used.

Fourth Chapter was under the title ‘An assessméniriban sprawl’. The
LANDSAT ETM+ and IRS P6 LISS Il satellite data veerused for the
monitoring the sprawl and to measuring the spra8hannon’s entropy was
used. Administrative ward / committee wise spravil Rune and Pimpri-
Chinchwad over different periods of time i.e., frob®80 to 1992, 1992 to
1999, 1999 to 2004 and 2004 to 2008 has been amdlywth the help of
Shannon’s entropy technique.

Fifth Chapter focuses on the utility services ltkensportation, hospitals and
primary educational facilities in Pune and Pimphii@hwad area. Buffer analysis
and shortest path techniques were used for buspwoani.e., PMPML with the
location of PMPML depots in study area. The disttibn of multispecialty hospitals
in study area was shown with the help of maps. fhir@ utility is medium wise
distribution of primary schools like Marathi, Ergli, Hindi, Urdu and Kannad
schools shown using maps.

Sixth Chapter focuses on the conclusions and reeardations for urban
sprawl and utility services in the Pune and Pin@frinchwad area.

An assessment of urban sprawl is mainly to findtbettype and location of
land conversion for future development planninge Period 1980 to 2008 was used
to monitor the sprawl. Shannon’s Entropy (Et) methvas used to assessment or
measurement the urban sprawl over a period of dlfhdecades. GIS software’s was
easily integrated with this technigue, GIS enaldesapture the amount of sprawl in
this period.

Satellite imageries of different years and toposh€E980) were used to take
built-up area from these. The toposheets wereizigitin ArcGIS 9.3 and images

were classified in ERDAS 9.2 software.
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6.3 Conclusions

The present study demonstrated the efficiency afi@ermatics as a tool in
the study of land use /land cover changes. Theystukstigated the urban sprawl
phenomenon occurring in the PMC and PCMC area andf that there has been an
overall growth in built-up area by1340.39% from @98 2008. The PMC and PCMC
area is having the highest percentage (265.97%h @80 to 1992 and lowest
percentage (37.05%, 2004 to 2008), change in bpilerea. With the Shannon’s
entropy analysis, the study could identify where $iprawl was taking place and its
degree as well.

Based on Shannon’s entropy analysis, carried otitdrPMC and PCMC area

the following conclusions are made.

1. In the study area overall average increase in-bpilarea by 49.54%, from 9.12%
in 1980 to 58.66% in 2008.

2. Aundh administrative ward shows 45.65% (2.48% t®3%) growth from 1980
to 2008. It can be concluded that there is 23 tigresvth within 28 years. The

annual growth of urban sprawl is 1.77%.

3. Karve Road administrative ward shows 3.73% of acesered out of total
geographical area. In 1980, 0.52% area of totalimdtrative ward is under built-
up and it increased in 2008, at 45.28% means tta¢ sprawl is 44.76%. The

growth of urban sprawl is 1.59% per year.

4. Among all the administrative wards in the studyaat®@hole Road administrative
ward is having lowest growth i.e. 21.20%. The ahmuawth of urban sprawl is
0.75%.

5. Out of total geographical area, Warje-Karvenaganiattrative ward occupies

3.68% of study region. In 1980, 5.24% area of tatihinistrative ward is under
built-up and it increased in 2008, at 58.98% mehadotal sprawl is 53.74%.
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B. S. DholePatil Road administrative ward occuBd€35% of total geographical
area in the study region. In 1980, 9.34% areatal sxdministrative ward is under
built-up and it increased in 2008, at 37.97% mehagotal sprawl is 28.63%. The

growth of urban sprawl is 1.02% per year.

7. Hadapsar, administrative ward shows annual grovitrurban sprawl 2.44%
between 1980 to 2008.

8. The annual growth of urban sprawl in Yerawada adstrative ward shows
2.47% and total difference in built up from 198®@08 is 69.32%.

9. In 1980 Sangamwadi, administrative ward is havin§7% built-up and it
increased in 2008, at 46.36% means the increasgainsprawl is 43.79%.

10.Among the all administrative wards in the studyaaBhavanipeth is located in
core part and shows 47.31% growth in sprawl fro®01® 2008.

11.In the view of total geographical area of PMC an@MZ, the Kasbapeth
administrative ward shows total sprawl 35.21% amdual growth of urban

sprawl is 1.26%.

12.Vishrambaugwadaadministrative ward is also comes under core afethe
PMC .In 1980, 32.13% area of total administrativ@dvis under built-up and it
increased 56.07% in 2008, indicates that totawshis 23.94%.

13. Tilak Road,administrative ward shows total sprawl chang®3% and annual

growth of urban sprawl is 1.46% per year.
14.Among the 18 administrative wards/committees Bibagwshows highest sprawl

from 1980 to 2008 i.e.74.38% . The annual growthidan sprawl is 2.66% per

year.
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15. Sahakarnagar, administrative ward is located oiplpery study area and built-up
increase inbetween 1980 to 2008 reaches 71.70%stkarnotal 28 yrs change
in sprawl is 64.41%.

16.In the analysis of study area A administrative catta®, showing 8.68% out of
total geographical area. In 1980, 0.86% area ai sdministrative ward is under
built-up and it increased in 2008, at 63.15% mehagdotal sprawl is 62.29%. The

annual growth of urban sprawl is 2.22% per year.

17.B administrative committee shows 62.19% builtupndes between 1980 to 2008

with 2.14% annual growth of urban sprawl.

18.C administrative committeeccupies 16.11% area out of study area. In 1980,
1.03% area of total administrative ward is undaltfup and it increased in 2008,
at 41.08% means the total sprawl is 40.05%.

19.Out of total geographical area, in the D Commitesbministrative ward growth of

urban sprawl is 2.41% per year with 67.49%, inaeéagotal sprawl.

20.1In the view of civic amenities services, transpiota of PMPML bus, Swargate
depot shows the highest buses in depot 15.41% @#B)owest buses at Bhakti-
Shakti depot 8.08% (130).

21.In the study area total no. of hospitals are 206ehprises with Ghole Road
(13.77%), Warje-Karvenagar (13.48%) and Kasbap#ih60%) administrative
wards are having highest multispecialty hospit@eneral/Practice hospitals are

highest as compare to other hospitals.

22.Primary education is considered as one of impoitaditator for human resource
planning and development. PMC and PCMC are haviedium wise primary
schools in an area. Most of the primary schoolscareentrated in PCMC region
of study area.Out of total 484 primary schools Antuttee 12.19% (59), D
Committee 10.74% (52), C Committee 9.71% (47) GAVEZ region shows
32.66% schools.
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6.4 Recommendations

Pune Metropoliton (PMC&PCMC Study region) is facimgh growth rate of
population, traffic congestion, increase in pobatievel, and decrease in green cover,
encroachment on the hill slopes, sewage and waspoghl, power crisis, water
problem and so on. In addition to this, the citysjgrawling very rapidly. The
continew growth in the sprawl is accelerating negnitude of these problems.

The study demonstrates that GIS and Remote Seosirged with statistical
analysis, such as Shannon’s entropy can help imshems spatial and temporal
analyses of the sprawl. The existing utility seegian PMC and PCMC area like

urban transport, hospitals and primary schoolshed in urban sprawl analysis

The conclusions drawn from the present researak aod keeping in view the
major problems of the PMC and PCMC, following recnemdations have been
suggested.

1. In the present study, most of the utility servieee concentrated in the core
areas of the city hence decentralization of theseices are necessary for the
future planning.

2. The new techniques like satellite imageries (spatioporal data) can be used
for the forthcoming sprawl and to resolve the peotd arises through the

sprawl.

3. In the view of transportation as a civic amenitythe study area numbers of
depots are not well distributed. Therefore evefridistion of bus depots with

quantity, among the study area is recommendedefbeibtransportation.

4. In the study area, hospitals are not evenly disteid though PMC region is
better as compared to PCMC region. It is stronggommended that general
hospitals run by the government, municipal corporator other NGO'’s

should try to establish new hospitals in the friageas of urban sprawl.
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5. Taking the consideration/willingness of parentgé¢his increasing demand of
English medium schools it is recommended that PMECRCMC corporations

should start aided English medium primary schools.

6. The problems arise through urban sprawl and fupuobable problems it is
recommended that the policy makers should conswlith scientists,
academicians, administrators, planners, social mzgdons, NGO’s and

political leaders.
7. To know the intensity of forthcoming sprawl relatga@toblems it is

recommended that awareness should be created athengtudents and

citizens of study area.

158



References:

Almedia B. (2005), “A GIS Assessment of Urban SgrawRichmond, Virginia”,
published M. Sc. dissertation submitted to the Hgcwof Virginia
Polytechnic Institute and State University, Blaaksh

Barnes K. B., Roberge M. C. and Lowe S. (2001) ra8 Development: its patterns,

consequences and measuremerntiyson University. Retrieved June 27, 2006

from http://chesapeake.towson.edu/landscape/urbansdmwiload/Sprawl_white_paper.pdf

Bahera. G, et al (1985), “Growth of Bangalore Giigce 1900 based on Maps and
Satellite Imagery”, ISRO Technical Report No. TRE&R-

Barnsly, M. J., Barr, S.L., Hamid, A. Muller, G.&J).Shepherd, J.W. (1993),
“Analytical Tools to Monitor Urban areas”, Geogragai Information
Handing-Research and Applications. Ed. Mather, Ppd. 147-184.

Batty M., Xie. Y. & Sun, Z. (1999), “The Dynamicd &Jrban Sprawl’, CASA
Working Paper 15. Center Advanced Spatial AnalyS§BASA),
University College London. London.
http://www.casa.ucl.ac.uk/working papres.htAs cited in Yan Liu
and Stuart R.Phinn. (2001).

Berry, B. J. L. (1971). Urbanisation. In: The Eaath Transformed by Human Action
(Eds.: B. L. Turner Il, W. C Clark, R. W Kates,fJ.Richards, J. T.
Mathews and W. B. Meyer). Cambridge, University $8reU. K.,
pp.103-119)

Bhailume S. A. and Nagarale V. R. (2008), “A StumfyUrban Sprawl and utility
planning of Pune city with the help of Remote Segsand GIS
Techniques” unpublished dissertation submitted tep@tment of

Geography, University of Pune.

159



Bhailume S. A. and Nagarale V. R. (2011), “A Gexqunical study of Civic amenities
in PMC area using GIS techniques” Internationalrdabliof ‘Indian

Streams Research Journal’, Vol.1l:Issue-4, pp. B388-1

Bhailume S. A., Nagarale V. R. and Unhale D. (201&) Geographical study of
Civic amenities in Pimpri Chinchwad area using QGEghniques”
International Journal of ‘Contemporary Researcindia’, Vol.1l:Issue-
2, pp. 68-74.

Bhaskar . V.S, (2002) Director of census operafid#, “Population growth and its
impact on urbanization”, Paper presented at theermational

Conference on issues of Population Stabilizatiah Bevelopment.

Burrough P.A. (1986),"Principles of Geographic Imf@ation Systems for Land

Resources Assessment”, Clarendon Press, Oxford.

Carter H. (1995), “The Study of Urban Geographydufh edition, Edward Arnold,
New York.

Chaurasia R., Minakshi and Sharma P.K (2001), “Drkenvironment and its
management- A case study of Ludhiana Urban”, pgpdalished in

http://www.qgisdevelopment.net

Cheng and Massor (2003), “Cellular Aitomata Base@mporal Process
Understanding of Urban Growth”, = ACRI 2002:325-336

Delaney B. (2000), “Visualization in urban planririgey didn’t build LA in a day,
IEEE Computer Graphics and Applications”, May/Jaoéo0, pp.10-16.

Deosthali V. H. (1983), “Housing in Poona City” wipished M. Phil dissertation
submitted to Department of Geography, UniversitPohe.

160



Desai C. G., Patil M. B., Mahale V. D. and Umrikar (2009), “Application of
remote sensing and geographic information systestudy land use
/land cover changes: a case study of Pune Metmogaivances in
Computational Research”, ISSN: 0975-3273, Volumissiye 2, 2009.

Deshmukh S. and Joshi P. (2003), “Pune Informa®ipstem” unpublished PG. B. Sc.
Dissertation submitted to Department of Geograpwpjversity of
Pune.

Dickinson R. E. (1959), “The scope and status baargeography: an assessment, in
Mayer, H.M. and Kohn, C.F. eds., Readings in UrGaography”, The
University of Chicago Press, Chicago, pp.10-26.

Diddee J. and Gupta S. (2000), “Pune Queen of thec&n” printed at Tiean Wah
Press (Pte) Ltd. Singapore, published by Elephaggign Pvt. Ltd.
Pune, India.

Dikshit J. K. (2011), “The urban fringe of Indiaities” Rawat Publications, Jaipur.

Doyle, K., J. Kostyack, B. McNitt, G. Sugameli, Chitaker, K. Whitcomb-Blayock,

International J. of Geomatics and Geosciendek], No.1

Draft Development Plan 2021 for newly merged ar@asPimpri-Chinchawad
Municipal Corporation, May (2000), published U/S @M.R. and T.
P. ACT 1966.

Eichert, S.B. and Davis, D., Sizing Flood Contras@rvoir Systems by Systems
Analysis, TP, HEC, Djordjevic, B., Water ResourcBgstems (in

Serbian), Naucna knjiga, Beograd 1990.

Environment Status Report 2007-2008, Pune Municmaporation.

161



Epstein, J., Payne, K., and Kramer, E., (2002)chh&ues for mapping suburban
sprawl", Photogrammetric Engineering and Remote sifgn Vol.
63(9): pp 913 — 918.

Erle E.(2010), Land-use and Land-Cover Change, Climate ChangeieRed Mar.

20, 2010, from http://www.eoearth.org/article/damse.

Farooq S. and Ahmed S. (2008), “Urban sprawl Dgualent around Aligarh City: A
Study aided by Satellite Remote Sensing and GI8fn# of the Indian
society of Remote Sensing, Vol. 1, pp. 77-88.

Franks H. G. (1980), “In and around Poona”, Volum¥s V, VI and VIl undated as

cited in Meera Kosambi.

Gadgil, D.R. (1952), “Poona: A socio-economic sytv@ parts (Gokhale Institute of
Politics and Economics Publication series No. 1@ 25), Poona, 1945,
1952. As cited in Meera Kosambi, 1980

Gharakholu M. (2007), “An Application of SMCDA mdde urban services: A case
study of Ahvaz City” The Deccan Geographar, Vol. g. 19-25.

Harvey, R. O. and W.A.V. Clark (1971), “The natared economics of urban Sprawl.
In Internal Structure of the city”, ed. L. S. BoarrNew York: Oxford

University Press. As cited in Barnes K.B et. alq20

Heng S, Forsythe W. and Waters N. (2007) “Modellrdpan Landuse Change and
Urban Sprawl: Calgary, Alberta, Canada” Publishelihe.

Indian Medical Association (2008) “Directory of Dtocs and Clinics address” Pune,

Maharashtra.

162



J. Byrd, and G. Stull (2001), “Paving Paradise:a8's impact on wildlife and wild
places in California. A Smart Growth and Wildlife a@paign
California”, white paper. San Diego, California: thémal Wildlife
Federation, available onlinédttp://nwf.org/smartgrowth As cited in
Barnes K. B. et.al (2001)

Jadhav R. N. (2010), ‘Kalash’ Shikshan Mandal PMGI. 92, pp 137-152.

John C. Mathew (2001), “Environmental impacts dbamr sprawl: Asurvey of the
literature and proposed research agenda”, Envirahared Planning A
33;717-735. As cited in Barnes K.B.et.al (2001).

Jayanti S and Padmarani G (2002), “Urban Mapping.fication of Hospitals in a
Growth Center: A Case Study of Khammam in Indi@hiw.a-a-r-
s.org/acrs/proceeding/ACRS2002/Papers/URMO02-4.pdf

Jaykumar S. and Arockiasamy J.J. (2003), Land aseflcover mapping and changes
detection in part of Eastern Ghats of Tamil Nadagi®emote Sensing
and GIS, Journal of the Indian Society of Remotesi#wy,Vol.31, No. 4

Jha V.C. and Hazar P.B. (1993), Land- Use/Land €8walysis of Deoghar Upland
using Remote Sensing Techniques, The Deccan Gdugtafol. XXXI,
No. 1

Joshi P.K., Rawat G.S., Padaliya H. and Roy P.805p Land Use/ Land Cover
identification in an alpine arid region (Nubra \&ll Ladakh) using
Satellite Remote Sensing, Journal of the Indianie®poof Remote
SensingV.33,No. 3

Joshi R. V. (1971), “Pune Shaharache varnan (Poanaient and modern), Bombay,
1868, reprinted in 1971 as referred by Meer Kosaih®80)

163



Kewalramani Gita (2002), Land use changes in tieysban interface of Mumbai: a
case study of the Vasai-Virar lowlands, managirg Whban Fringe of

Indian Cities, Institute of Indian Geographer, Unsity of Pune.

Latha K. M., Rao C. H., Krishna P., Badrinath K.daRaghavswamy (2001),
“Measuring Urban Sprawl: a case study of Hyderapa®lS
Development, Dec 2001, Vol 5(12).

Latkar S. R. (1993), “Nashik City, A Study of itshan Sprawl” unpublished M. Phil

dissertation submitted to Department of Geograplmyyersity of Pune.

Magar P. P. and Nikam S. N. (2009), “applicationR&fmote Sensing and GIS for
evaluation of Urban Sprawl and its impact on Geavenment” Vol. 2,
pp. 52-63.

Mahajan S. G. (2000), Pune City Its History, Growatid Development (758 to 1998

AD). Mansanman Prakashan Pune.

Mahajan S. G. (2004), Pune City Tourist Guide: Wittad map of PMT, Pune

Darshan tour, Places of interest. Utkarsh PrakaBoae

Mahesh K. J., Garg P. K. and Deepak Khare. (200®)nitoring and modeling of
urban sprawl using remote sensing and GIS techsigiernational
Journal of Applied Earth Observation and GeoinfdiosaVol. 1, pp.

10-26

Malse V. J. ((1990), “Urban sprawl: A case of Kaithrin Pune City”, unpublished
M.Phill Dissertation.

Manonmani R., Suganya G. (2010), Remote Sensings#8d\pplication in Change
Detection Study in Urban Zay&ing Multi Temporal Satellite,

Majid Hussain (2003). Urban Geography, Anmol Pudilmns Pvt. Ltd., New Delhi

164



Meera Kossambi, (1980), “Bombay and Poona: A sdfiological study of two
Indian Cities”, Department of Socialogy, Universitf Stockholm,
Stockholm.

Najad P. G. (2009), “Study of civic Amenities inrreuCity with the Help of GIS
Techniques” unpublished M.Sc. Dissertation submiitie Department

of Geography, University of Pune.

Nalawade. S. B (2002), “Geography of Pune Urbar’guvaper available on online.

Nanda T. (2005), “Urban Sprawl and Occupationalr@eain Raipur City” published
M. Phil dissertation submitted to Department of Gaphy, University
of Delhi.

Nongkynrih J. M. and Hiese N. (2008), “Urban Spravlalysis of Kohima town
using multi-temporal Remote Sensing data” The DedGaographar,
Vol. 46, pp. 33-38.

Pathan S K (2005), “Role of Geoinformatics in naturesource development:

Retrospects and prospects” ISG Newsletter, VONGIL.

Pathan S K, Jothimani P, Gopal k Choudhary, Som ldnd Kalyan Mukharjee
(21992), “Urban land use suitability analysis — Aseastudy of Calcutta
metropolitan area”, Photonirvachak, Journal of &mdisociety of
Remote Sensing, VI0.20, No.27 3, 1992.

Pathan, S. K., Jothimani, P., Pendharkar, S. P.Samdpat Kumar, D. (1989). Urban
landuse mapping zoning of Bombay Metropolitan Regising Remote
Sensing datal. Indian Soc. Remote Sensing, 17(3): 11-22

Patil S. A. (2010), “A Geographical Study of Jal@dy” unpublished Ph. D. thesis

submitted to Department of Geography, Dr. Babasahetbedkar

Marathvada University, Aurangabad.

165



Paul L. (2006), “A GIS Approach for Evaluating Maipal Planning Capability:
Residential Built Form in Markham and Vaughan, @ota published
M. A. Dissertation submitted to Department of Piagn University of

Waterloo. Ontario”, Canada.

PCMC (2006), “Pimpri-Chinchwad Development Plan @2012", INNURM Vol. 1

Pickering D. and Park J. M. (1996), “Utility Mappinand Record Keeping for
Infrastructure” published for the Urban Managemrdgramme by the
World Bank, Washington DC.

PMC (2006), “Pune City Development Plan 2006-20IANURM Vol. 1

Potdar N. S. (1988), “Pune Darshak” Sulekha Prakag$tune, Publication No. 10.

Ramesh B. and Krishnan N. (1997), “Application anfbte sensing for analysis of

urban fringe dynamics-case study of Jaipur, India”,

Rosero L. and Bixby (2004), “Spatial access to theahre in Costa Rica and its
equity: a GIS-based study”, Social Science & Mawicib8 (2004)
1271-1284.

Saxena A. (2001), “Monitoring of urban fringe areming Remote Sensing and GIS

techniques,”

Shaikh M. A. (2006), “Using GIS in Solid Waste Mgement Planning : A case
study for Aurangabad, India” http://scholarsreskgbcary.com/aasr-
voI3-iss1/AASR-2011-3-1-277-286.pdf

Shekhar S. (2007), “Changing Space of Pune — A @#spective”, GIS
development, Map World Forum, Hyderabad, India. Ref MWF PN
116. http://www.bioinfo.in/uploadfiles/12593113461 2 2CR.pdf

Shekhar. S. (2005), “Monitoring urban sprawl of Euoy using Remote sensing and
GIS techniques” Ph. D. thesis submitted to Univgrsi Pune, 2005.

166



Shekhar S. (2004), “Urban Sprawl Assessment: Ewntrdfpproach”, GIS
development, May 2004, Vol. 8, issue 5.

Shigenobu T. Tran H. and Shiro O. (2002) Monitgriof Long-term Urban
Expansion by the use of Remote Sensing Images fiofferent
Sensors (www.a-a-r-s.org/acrs/proceeding/ACRS2G(#R/URMO02-
9.pdf)

Sierra Club (2001), “Stop sprawl: New research opuation, Suburban sprawl, and
Smart growth”, Available online. hptt://www.Siertab.org/sprawl/.
As cited in Barnes K. B. et al., (2001)

Sokhi, B. S. and Rashid, S. M. (1999). “Landusd Emdcover mapping in urban
areas using areal photographs and satellite imegy@fi Jaipur (1983
and 1989)”

Sudhira H. S., Ramachandra T. V. and Jagadish R083), “Urban Sprawl Pattern
Recognition and Modeling using GIS

(http://www.ces.iisc.ernet.in/energy/paper/mapiedtann.htm)

Sudhira, H. S, Ramchandra T. V. and Jagdish, R0B83).Urban Growth Analysis
Using Spatial and Temporal Data.Indian Soc. Remote Sensing, Vol.
31, NO.4, 2003.

Sutton P. C., (2003), a scale-adjusted measuraurdiathh sprawl” using night time

satellite imagery. Remote Sens Environ 86:353—-369

Suryavanshi D. S. (2007), “A Study of Health Caezv&es in tribal area of Western
Satpura region, India” The Deccan Geographar, ¥s|pp. 99-106.

Tah S. (2009), “Post colonial Urbanization and Wrléarowth in West Bengal” The
Deccan Geographar Vol. 47, pp. 101-113.

167



Theobald, D. M, (2001), “Quantifying urban and dwprawl using the sprawl index”
Paper presented at the annual conference of theciassn of

American Geographers in New York, on Maréf, 2001.

Thomas, R.W. (1981), “Information statistics in @eaphy”’, Geo abstracts,
University if East Anglia, Norwich, United Kingdom.

Torrens, P. M. (2000), “Measuring sprawl!’, CASA, Wing Paper 27, center for
Advanced Spatial Analysis, University College ofndon, London.

www.casa.ucl.ac.uk/working_papers.htm

Torrens, P., Roberts, D., Elvidge and Abberti M0Q@), “Measuring sprawl”,
working Paper No. 27, Center for Advanced Spatiahalfsis,

University College London. http://www.casa.ac.ukvking_papers/htm
Town Planning Department, Land use Maps (1966, Ei91981)

Unhale D. (2009), “Civic Amenities for Pimpri Chimvad Using GIS and Remote
Sensing” unpublished M.Sc. Dissertation submittiedepartment of

Geography, University of Pune.

Uttarwar. P. S (2001), “Applications of GIS and ReenSensing in urban planning,
Implementation and monitoring of urban projectssecatudy of Rohini
and Dwarka project, New Delhi”,
hptt://www.gisedevlopment.net/application/urbanfeien/urbano0015.html

Village and Town Directory of Pune (2001), Directof Census operation,

Maharashtra, Mumbai.

Vinay Kumar Srivastava (2000), “Application of Reta Sensing GIS techniques in
Monitoring of Urban Sprawl in and around Jharia |Gelas
(Dhanbad)”,hptt://www.gisdevelopment.net/applicatiorban/sprawl/ur
bans002pf.htm

168



Vinoth Kumar J. A., Pathan S. K. and Bhanderi R(2D07), “Spatio-temporal
analysis for monitoring urban growth — a case stofijndore City”,
Journal of the Indian Society of Remote Sensinguw 35, Number
1, 11-20, DOI: 10.1007/BF02991829.

Wang F. and Hall G. B. (1991), “Fuzzy representatib geographical boundaries in
GIS”, International Journal of Geographical Infotroa Systems, vol.
10, pp.573-590. As cited in Yan Liu and Stuarti®R2001)

Yeh, A.G.O. and Xia Li (2001), “Measurement and anmg of Urban sprawl in
rapidly growing region using entropy. Photogramige&ngineering
and Remote Sensing, Vol. 67 (1): pp. 83.

Yeh, A.G.O. and Xia Li (2001), “Zoning land for Agultural protection by the
integration of Remote Sensing, GIS, and Cellular tofata.
Photogramm. Engg. and Remote Sensing”, Vol. 67p@)471-477.

www.censusindia.net

www.gisdevelopment.net

www.gisdevelopment.net/aars.acrs/1991/psp/ps016.sht

www.gisdevelopment .net/application/urban/fringbAnf0004. htm.

www.pcmcgisda.org.in

www.pcmcindia.in

www.pcmcindia.in/JINNURM.asp?MID=6&PID=6&MenulD=150&tle=JNNURM

www.pcmecindia.in/MannualDetails/cdpvol2.pdf

169



www.pcmcindia.in/transport.asp?Action=SHOW _DETAIdAMID=34&CAT=3&PI
D=0&MenulD=83&Title=PMPML%20Time%20Table

www.pimpri-chinchwad municipal corporation

www.pmpml.org

www.pmpml.org/HireaBus.php

www.pmpml.org/Passes.php

www.pmpml.org/PuneDarshan.php

www.pmpml.org/Routes.php

www.pune municipal corporation

www.punediary.com

170



Appendix-A List of Administrative and General War@$ PMC

Sr. No. PM C Adminastrative Wards
1 Aundh Ward Number
1 Sanjay Gandhi Rugnalaya 24
2 Bopodi 25
3 Pune Vidyapeeth 26
4 Aundh Gaon 27
5 Baner, Balewadi 28
6 Sutarwadi 29
7 Pashan 30
8 Aundh ITI 31
9 Rajbhavan 32
2 Karve Road
1 Shankarrao More Vidyalaya 57
2 Rambaug Colony 58
3 Kishkindha Nagar 59
4 Ramkrishna Paramhance 60
5 Vedbhavan 61
6 Mahatma Sosayati 62
7 Vanaj Company 63
8 Yashvantrao Chavan Natyagriha 64
9 Ideal Colony 65
3 Ghole Road
1 Kamalnayan Bajaj Udyan 22
2 Shetki Mahavidyalaya 23
3 Chatushrungi Mandir 33
4 Model Colony 34
5 Modern Collage 35
6 Pune Muncipl Corporation 36
7 Fergussion Collage 53
8 Dr. Homibhaba Hospital 54
9 Gokhalenagar 55
10 Vidhi Mahavidyalaya 56
11 Deccan Jymkhana 67
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4 Warje Karvenagar

1 Dinanath Mangeshkar Hospital 66
2 Major Tathawade Udyan 105
3 Kothrud Gaon 106
4 Happy Colony 107
5 Dahanukar Colony 108
6 Warje Jalshuddhakaran 109
7 Popularnagar - Warje 110
8 Warje Malwadi 111
9 Maharshi Karve Nagar 112
10 Hingane Shri Shikshan Sanstha 113
5 B. S. Dholepatil Road

1 Dr. Naidu Hospital 37
2 Bundgarden 38
3 Wadia Collage 39
4 Koregaon Park 40
5 Mundhava Gaon 41
6 Dr. Babasaheb Ambedkar Udyan 46
7 Sasoon Hospital 47
8 Kamala Nehru 48
9 Tilak Ayurved Mahavidyalaya 73
6 Hadapsar

1 Magar Patta - Hadapsar 42
2 Hadapsar Audyogik 43
3 Sent Patrik Town 44
4 Vikasnagar - Ghorpadi 45
5 Ramtekdi 90

6 Hadapsar Gaon 91
7 Gliding Centre 92
8 Sadhana Vidyalaya 93
9 Satavwadi 94
10 Kaleborate Nagar 95
11 Mohammad Wadi 96

17z




7 Y erawada

1 Lohgaon Vimantal 7

2 Kharadi Gaon 8

3 Kharai Infotech 9

4 Sundarbai Marathe Vidyalaya 10
5 Vadgaon Sheri 11
6 Ramwadi 12
7 Agakhan Palace 13
8 Don Bosko Higschool 14
9 Nagpur Chal 15
10 Yeravada Gaon 18
8 Sangamwadi

1 Dhanori 1

2 Vidyanagar Lohgaon 2
3 Tingare Nagar Pumping 3
4 Kalas Vishrantwadi 4

5 Nanasaheb Parulekar Vidyalaya 5
6 Yerawada Prizan Press 6
7 Phulenagar Yerawada 16
8 Netaji Subhashchandra Bos Vidyalaya 17
9 Parnkuti 19
10 Yerwada Hotmix 20
11 Deccan Collage 21
9 Bhavanipeth

1 Rajewadi 74
2 Harkanagar 75
3 Janral Arunkumar Vaidya Stadium 76
4 Doke Talim 77

5 Swami Samartha Nagar 78
6 Dr. Kotnis 79

7 Ghorpade Udyan 83
8 Panch Haud Mission 84
9 Mahatma Phule Smarak 85
10 Lohia Nagar 86
11 Akbote Colony 87
12 Gurunanak Nagar 88
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10 K asbapeth

1 Juna Bazar 49
2 Kasaba Ganpati 50
3 Shaniwar Wada 51
4 New English School (Ramanbaug) 52
5 Rajendranagar 68
6 Vishrambagwada 69
7 Mahatma Phule Mandai 70
8 City Post 71

9 Ganeshpeth Gurudwara 72
10 Renuka Swarup Prashala 80
11 S. P. Collage 81
12 Subhash Nagar 82
11 Vishrambaugwada

1 Salisburg Park 98
2 Tilak Maharashtra Vidyapeeth 99
3 Parwati Darshan 100
4 Shahu Collage 115
5 Parwati Industrial Estate 116
6 Maharshi Nagar 117
7 Chatrapati Shivaji Marketyard 118
8 Deadi Colony 119
9 Taljai Mandir 126
12 Tilak Road

1 Parwati Gaon 101
2 Parwati Jalkendra 102
3 Dandekar Pool 103
4 P. L. Deshpande Udyan 104
5 Janta Vasahat 114
6 Anandnagar - Hingane 127
7 Vitthalwadi 128
8 Wadgaon Dhayri 129
9 Wadgaon Budruk 130
10 Manikbaug 131
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13 Bibwewadi

1 Wanawadi Gaon 89
2 Mahadji Shinde Chatri 97
3 Kondhava Khurd 120
4 NIBM 121

5 Mithanagar 122
6 Bibvewadi Gaon 123
7 Sukhsagar Nagar 137
8 Vishwakarma Instittute 138
9 Appar Indira Nagar 139
10 Kondhava Budruk 140
11 Katraj Gaon 141
14 Sahakarnagar

1 Shankar Maharaj Math 124
2 Padmavati - Araneshwar 125
3 Chavan Nagar 132
4 Dhankawadi Ambegaon 133
5 Dhankawadi Gaon 134
6 Chaitanya Nagar 135
7 Balaji Nagar 136
8 Rajiv Gandhi Prani Sangrahalaya 142
9 Bharti Vidyapeeth 143
10 Agam Mandir Katraj 144
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Appendix-B List of Administrative Committee and General WaafsPCMC

Sr. No. | PCMC Adminastrative Ward Committees | Ward Number
1 A Ward Committee
1 Talwade Gaonthan 1
2 Rupinagar 2
3 Triveninagar 3
4 Krushnanagar 4
5 Morevasti 5
6 Ganeshnagar 6
7 Chikhali Gaonthan 7
8 Kudalwadi-Jadhavwadi 8
9 Chinchwad Station 37
10 Sanghavi Kesari College 38
11 HDFC Colony 39
12 Mohannagar 40
13 Kalbhornagar 41
14 Sambhajinagar 42
15 Ajanthanagar 43
16 Yamunanagar 44
17 Dattmandir-Otaskim 45
18 Kai.Madhukar Pavale 46
19 Nigadijakatnaka 47
20 Nigadigaonthan 48
21 Bhakti-Shakti 49
22 Saint Tukaram Maharaj 50
23 Dattawadi 51
24 Tuljaivasti 52
25 Akrudigaonthan 53
26 Ganganagar 54
27 Pimpri-Chinchwad Polytechnic Co 55
2 B Ward Committee
1 Masulkar Colony 29
2 Y .C. M Hospital 31
3 Sant Tukaramnagar 32
4 Kharalwadi 33
5 Gandhinagar 34
6 Morwadi 35
7 Anantnagar 36
8 Vikasnagar 56
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9 Kiwale Mamurdi 57
10 Rawet Punavale 58
11 Valhekarwadi 59
12 Chinchwadenagar 60
13 Pawananagar 61
14 Dalvinagar 62
15 Udyognagar 63
16 Chinchwad Gaonthan 64
17 Kesavnagar 65
18 Darshan Hall 66
19 Proff. Ramkrushan More Prekshag 67
20 Bhatnagar 68
21 Bhajimandai 69
22 Jijamata Hospital 70
23 Vaishandevi Mandir 71
3 C Ward Committee

1 Borhadewadi 9

2 Moshigaonthan 10
3 Wadmukhwadi 11
4 Charholigaon 12

5 Dighigaonthan 13
6 Sadgurunagar 14

7 Chakrapani Vasahat 15
8 Ramnagari 16

9 Sandvik Colony 17
10 Gavalinagar 18
11 Gavhanevasti 19
12 Vitthalrukhmai Mandir 20
13 Dhavadevasti 21
14 Landewadi 22
15 Gulavevasti 23
16 Indrayaninagar 24
17 Balajinagar 25
18 Mahatma Fulenagar 26
19 Annasaheb Magar 27
20 Swapnnagari 28
21 Neharunagar 30
22 Shankarwadi 99
23 Kasarwadi 100
24 Fugewadi 101




25 Dapodi Gaonthan 102
26 Hutatma Bhagatshing Vidyalay 103
27 Shiddharthnagar 104
28 Bopkhel 105

4 D Ward Committee

1 Ashok Theatere 72
2 Nav Maharashtra Vidyalay 73
3 Bhairavnath Mandir 74
4 Pimple Soudagar 75
5 Rahatani Gaonthan 76
6 Rahatani Shreenagar 77
7 Tapkirnagar 78

8 Kalewadi 79

9 Nadenagar 80
10 Vijaynagar 81
11 Thergaon Gaonthan 82
12 Saimandir Bapujibuva Nagar 83
13 Bethikanagar 84
14 Padmijipaper Mill 85
15 Ganeshnagar 86
16 Wakad Gaonthan 87
17 Wakad Venunagar 88
18 Vishalnagar 89
19 Pimple Nilakh 90
20 S.T. Colony 91
21 Sangavi Gaonthan 92
22 Madhuban 93
23 Kirtinagar 94
24 Kavadenagar 95
25 Gajanan Maharajnagar 96
26 Pimple Gurav Gaonthan 97
27 Sudarshan Nagar 98
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Appendix-C Abbreviations

CDP City Development Plan

Cl Class Interval/ Contour Interval

DB Data Base

DBF Data Base Format

DP Development Plan

E East

ENT Ear Nose and Throat

ERDAS Earth Resources Data Analysis Systems

Et Entropy

ETM+ Enhanced Thematic Mapper Plus

GIS Geography Information System

IGA Total Geographical Area

IMA Indian Medical Association

IRS Indian Remote Sensing

JNNRUM Jawaharlal Nehru National Urban Renewal Miss
Km. Kilometer

LANDSAT | Land Remote-Sensing Satellite

LISS Linear Imaging Self Scanner

MIDC Maharashtra Industrial Development Corporation
MLC Maximum Likelihood Classifier

MSS Multi Spectral Scanner

N North

N. T. Wadi | Narveer Tanaji Wadi

NE North-East

NRSC National Remote Sensing Centre

NW North-West

PCMC Pimpri Chinchawd Municipal Corporation
PCNTDA Pimpri-Chinchwad New Town Development Auihor
PMC Pune Municipal Corporation

PMPML Pune Mahanagar Parivahan Mahamandal Limited
S South

SE South-East

SLIM Systematic Land Information System

SOl Survey of India

SPOT Systeme Probatoire d'Observation de la Terre
sq. km. Square Kilometer

SSlI Small Scale Industries

SW South-West

TGA Total Geographical Area

TIN Triangulated Irregular Network

W West
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