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ABSTRACT: The planning and management of urban environment require huge amount of information regarding almost all
aspects of natural and man-made features of that area. Until lately, such a study could be achieved through days of exhaustive
surveys, map generation and tedious calculations. Remote sensing provides huge temporal database for an area and GIS serve as
a powerful tool for spatial and non-spatial analysis of remotely sensed data. The present paper seeks to analyze the role of RS and
GIS in the management of urban environment. Urban environment basically consists of built up area, i.e. buildings, roads, industries,
business areas, parks etc. and natural features such as vegetation cover, soil and water inside urban activity zone. The paper
highlights how the modern technology can be used in the study of urban sprawl and its growth trend, updating and monitoring
using repetitive coverage, urban environment especially land use and land cover citing the study on Dehradun Municipality.

INTRODUCTION

In the present day scenario, cities are
becoming hub of almost all human activities. Be
it job opportunities for unemployed, educational
facilities for learners, availability of health
services for the sick, economic upliftment of
have-nots, assured base of large consumers of
agro-products reaching from rural sectors, cities
have always attracted human beings. This has
resulted in ever-growing size of cities, squeezing
open spaces available within the city and has
started exerting pressure on civic amenities. This
extraordinary growth of population and pressure
on amenities are the most dramatic phenomenon
associated with urbanization. This is also a fact
that the pressure of the continuously growing
city center gradually changes the structure of
surrounding neighborhoods. Further, extension
of urban areas and merging of fringe areas into
main city seems to be a continuous process, a
phenomenon called urban sprawl. Generally
speaking, growth of population is the
fundamental factor in human ecological system
and its relationship to the natural resources,
environment and technology.

Man, therefore, has a pivotal role in the
ecosystem as the most resourceful asset as well
as the most influential force in it (Misra, 1990)
and to maintain the required balance in the

ecosystem is obligatory on his part. It, therefore,
becomes essential to understand the nature of
the cities, their functions and their services so as
to build its future in such a manner that the
advantages of urban concentration can be
preserved for the benefit of man and dis-
advantages minimized. It has been rightly pointed
out that city like any other living organism, have
the potential to grow in favourable conditions
and a tendency to die in adverse (Acharya and
Acharya, 1993). Architectural experiments,
technological advances in communications,
changes in social structure, changing social
balances between urban centers and suburban
regions, shifting national policies and priorities and
economic trends have most direct influence on the
organisms that are cities. For the survival and
growth of a city, a balance between all the relevant
elements is essentially desirable. Healthy growth
of a city will rest on its immediate environment,
which is under stress owing to the developmental
changes. Therefore, land use planning assumes
importance in creating a living city.

In this context, urban development monitoring
and mapping are necessary to make effective
policy for development of unplanned areas. But
monitoring and mapping requires reliable data at
regular intervals. Momentum of urban growth has
out-paced the traditional techniques of surveying
and mapping. Remote sensing techniques and
GIS tools have become important in management
of urban environment. A number of studies have
demonstrated this (Rashid and Sokhi, 1995; Sokhi,
2001; Subudhi, 2001; Roy, 2000, 2002). Remote

Address for correspondence: Dr. Rajeshwari, 812/5
Urban Estate, Kurukshetra 136 11, Haryana, India
Telephone: 01744-232514; 9416275401
E-mail: rajeshwari.singh@rediffmail.com



270 RAJESHWARI

sensing has been recognized worldwide as an
effective technology for the monitoring and
mapping the urban growth and environmental
change. The main advantage of satellite remote
sensing is its repetitive and synoptic coverage
that is very much useful for the study of urban
area. It helps to create information base on land
use, land cover distribution, urban change
detection, monitoring urban growth and urban
environmental impact assessment.

In any study of urban landscape, the two
components of urban ecology can be perceived:
(i) the natural environment comprising location,
physical structure, and (ii) the created environment
comprising of buildings, streets, civic amenities
and social facilities. Satellite images enable us to
better understand some of the intrinsic
components of urban ecosystems and the
interactions within whole urban environment. The
scientists of IIRS have shown it beautifully using
the images with a very high spectral and spatial
resolution like IRS-1D, LANDSAT and IKONOS
images (Roy, 2000). Remote sensing technology
can be put to best use if it is incorporated with GIS
(Longley, 1999). It can assist in the automation of
interpretation, change detection, map compilation
and map revision functions. One major part of the
GIS is the ability to overlay various layers of
spatially referenced data, which allow the users to
determine graphically and analytically just how
structure and objects (e.g. roads, water distribution
and community zoning) interact with each other.
Thus, integrated RS and GIS framework greatly
reduces time effort and expenses in using
geographical data.

Objectives

The objective of the present paper is to
highlight the importance of remote sensing and
GIS technology in the study of urban areas. For
this purpose it aims:
1. to analyse the urban land use and land cover

of Dehradun City using remote sensing and
GIS technology.

2. to obtain a pattern of location of various types
of facilities and how they can be managed in
terms of better urban planning using GIS
technology.

Study Area

The study area is located in the southern part

of Dehradun district (lying between 78 degree
East to 78º 10' and 30º15’ N to 30º25’ N), also the
capital of Uttranchal. The city located at an
altitude of 640 Mt. above mean sea level slopes
gently from north to south and southwest with a
gradient of 1:37.5. The city is highly dissected
by a number of streams, which are locally known
as Khalas. The drainage of the city is borne by
Bindal and Rispana rivers. At the outskirts, there
are denser forests (Town Directory of Dehradun).
Broadly, the city has expanded towards south
along major radial corridors. The road pattern
of the city is radial with 5 main transportation
corridors originating from the center of the city.
The character of the city is changing from
services to industry, trade and commerce, while
expanding its secondary and tertiary sectors in
order to strengthen its economic base has
contemplated many changes in its functional
character. This has attracted a large population
from surrounding areas. Thus, putting additional
strains on the existing infrastructure.

DATA AND METHODOLOGY

Different types of data have been used in this
study, like satellite data obtained through remote
sensing, spatial data in the form of digitized map
of Dehradun city and ward map. Though Satellite
data with 5.8 m spatial resolution from Indian
satellite IRS-1C and IRS-1D has been
successfully used to monitor the urban growth.
For the present study, IKONOS data (American
Satellite with spatial resolution 1 m in
panchromatic band and 4 m multispectral bands)
has been used as it provides accuracy of about
1.5 m., IKONOS imagery complements GPS in
cadastral mapping and infrastructure building.
It may be pointed out that feature extraction from
remotely sensed data is related with the spatial
resolution of data. It is more so in case of urban
areas because these are heterogeneous and
dynamic in nature. Due to high land price,
accuracy is very important aspect of urban area
mapping.

For the present study of land use/ land cover
analysis of Dehradun City, the IKONOS image
is studied by using visual interpretation
techniques to identify and delineate different
objects related to urban area. Basic image
characteristics such as shape, size, tone, texture,
pattern and various associated features are being
considered at the time of interpretation. The



271MANAGEMENT OF THE URBAN ENVIRONMENT USING REMOTE SENSING

image is carefully interpreted and the classification
for urban land use categories is being selected
taking the scale, brightness, contrast and
resolution of the data into consideration. Black
and white as well as false colour composite (FCC)
photographic products generated from
multispectral data is being used for visual
interpretation.

METHODOLOGY

1. Data procurement
2. Geo-referencing of map
3. Digitization of city and ward boundary

maps
4. Overlay of vector layer on to the satellite

imagery
5. Extraction of the area of interest from the

entire satellite data
6. Formulation of interpretation key for land

use and land cover
7. Merging IKONOS Multi-Spectral and PAN

data and FCC Preparation
8. Overlay of Vector Layer on FCC and

Extraction of the boundary map of
Dehradun city from FCC

A small survey was carried out in the given
area. The major road networks, commercial areas,
major industrial areas, parks and gardens were
marked. Field verification was carried out to cross
verify the interpretation

The boundary map of Dehradun city was
digitized using IKONOS image. The ward
boundaries were digitized using the IKONOS
image together with the ammonia print of ward
boundary map. The ward boundaries were for the
year 1991. The digitization was done using ARC
VIEW software.

RESULTS  AND  DISCUSSIONS

Land use refers to man’s activities and the
various uses, which are carried on land. Land
cover refers to natural vegetation, water bodies
and rock/ soil, artificial cover and others as
resulting due to land transformation. Land use
data are needed in the analysis of environmental
processes and problems, which must be
understood, if living condition and standards are
improved or maintained at current level (Khorram
and John, 1991). Information on the rate and kind
of change in the use of land resources is essential
for proper planning, management and regularizing

the use of resources. Traditionally, the methods
of monitoring changes in the land use were field
methods and were time consuming and expensive.
Satellite remote sensing technology has emerged
as an efficient and powerful tool in providing
reliable information on various natural resources
of a region. The changes in land use/ land cover
can be linked to the human and natural activities.
(Jaiswal et al., 1999).

In this context, the broad land use, land cover
map was prepared using remote sensing
technique using IKONOS data. DIP techniques
have been used for the classification of satellite
data. Figure 1 and 2 which shows Base map of
Dehradun with all major roads and rivers and
another ward boundaries have been prepared by
using Remote sensing IKONOS data and digitized
vector layer of ward-wise map of Dehradun city
(see Table 1).

The analysis of land use land cover as
obtained in Figure 3 by superimposing ward wise
map and IKONOS data, shows that the
predominant land use of the city is the built up
land, which is 52.7 percent of the total area of the
city (see Table 2). The built up area comprises
residential, Institutional, Commercial and
Industrial, roads and religious and cultural places.

The next class, which follows the built up area,
in terms of area covered and percentage is the
thick vegetation, i.e. 20.71 per cent. Dehradun

Table 1: Land use / cover classes

Broad classes Type of land included

Built up Land Residential
Institutional
Roads
Rivers

Cropped Land Plantation/Cultivation
Thick Vegetation Dense Forest (FRI)

Open forest
Water Bodies Pond
Open Ground Play ground/ Stadium

Table 2: Land use and land cover for Dehradun
using IKONOS

Classes Area in Percent
(square meters) area

1. Built up 15124886 52.677
2. Crop Land 2435142 9.237
3. Recent fallow 6378080 14.295
4. Thick Vegetation 7220816 20.710
5. Open Ground 1322720 3.022
6. Water body 5392 0.0209
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Fig. 1. Base map of Dehradun municipal area

built up area is maximum in ward 4, while it is least
in ward number 13. The reason for less built up
area in this ward is the fact that it lies on the outer
periphery of the city and hence less development
has taken place here as compared to the central
part of the city. Further, it comprises more of
cropland and recent fallow land. Cropland is
minimum in ward number 4, which is also the Old
Dalanwala area of the city and hence very highly
populated. Other details about land use and land
cover may be obtained from the map (Fig. 3). The
existing pattern of land use can be linked to human
and natural activities (see Table 3).

The entire city is broadly classified into seven
classes. Regarding the results, most of the objects
of interest could be identified. The study revealed

being on the foothills of the Himalayas is partially
covered by the forest. Moreover FRI, which has
vast area under thick vegetation, is also a part of
the city. The open land comprises 3% of total
land area- that include open grounds, parks and
Stadium. The area covered by water bodies form
.02 percent of the total area. It comprises of the
ponds near Gurudwara off Saharanpur Chowk.

Ward Wise Land Use and Land Cover
Classification

Most of the wards in central Dehradun and
on the outer fringe of eastern part are densely
built up, say about 80 to 90 per cent. The ward
wise analysis of different classes shows that the
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Fig. 2. Ward boundaries of Dehradun municipality

the great potential of multi-spectral high
resolution IKONOS data for broad level data
mapping and monitoring in land use/ land cover
over a period of time. For urban planning, the
maps made in this manner can be used as:
a. Identification of vacant land for acquisition,
b. Updating of base maps
c. Alignment of major roads and railways; and
d. In change detection over a period of time

with reference to land use/ land cover.

Management of Urban Infrastructure/
Facilities or Utility Services

The quality of life in the urban area largely
depends on the availability of infrastructure (such

Table 3: USGS land use and land cover classification
system

Level I Level II

Urban built up land Built up: residential, commercial and
service, industrial, transportation,
communication and utilities, industrial
and commercial complexes, mixed
urban and built up

Agricultural land Cropland and pasture, orchards, groves,
vineyards, nurseries and ornamental
horticulture areas. Other agricultural
areas

Rangeland Shrub and bush rangeland and mixed
rangeland

Forest land Deciduous forest land, Evergreen forest
mixed forest

Water Streams, lakes, reservoirs, Bays and
estuaries

Wetland Forested wetland and non-forest
wetland

Barren land Dry-salt flats, beaches, sandy areas
other than beaches, bare exposed rocks,
strip mines, quarries and gravel bits
mixed barren and transitional areas.

Tundra Shrub and bush tundra, bare ground
tundra and mixed tundra.
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as, water supply, waste disposal, road rail
infrastructure, communication facility, house
types and availability of various other basic
services, health and education). Here we are
taking two major facilities like educational facilities
and hospitals. An area within an urban settlement,
in the absence of these basic services and
infrastructure, may inevitably be a slum. Hence,
in order to prevent total anarchy in matters of
utilities and services, the planning of facilities/
infrastructure becomes absolutely vital. With the
help of RS, GPS and GIS, one can update more
easily location of facilities. One can obtain area

wise availability of services, their concentration
and dispersal. One can also know the physical
accessibility of various services by using GIS,
with the help of road network, buffer analysis
and connectivity analysis i.e. within 2 or any
specified number of km/ m. how much area and
population it covers. One can create buffers of
various distances, which is a specific
characteristics of many GIS packages, more
specifically ARCVIEW and ARC INFO. By this
the city planners can calculate service demands
for public facilities, such as schools, hospitals,
and many more. Spatial connectivity analysis can

Fig. 3. Ward-wise builtup area
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Fig. 4. Accessibility of schools vis-a-vis major roads

be done easily (using roadmap which is the nearest
facility specifically in case of emergency). Network
analysis can be carried out and one may know
which facility is most linked and which are the
points of least connectivity as shown in Figure 4.

Further, site suitability of various services,
which is much needed for planning purposes, can
be carried out much easily. The use of GIS for the
measurement of physical accessibility is well
established and has been applied in many areas
including retail site analysis, transport,
emergency services and health care planning

(Uttarwar, 1999; Ebner et al., 2005; Xun Shi, 2005).
Ebner et al. (2005) have demonstrated the ability
of GIS to identify the geographic extent of a health
facility catchment area, which corresponds to the
area containing the population utilizing this
facility, in case of Australia, Switzerland and
Canada. In the present study of Dehradun city,
site suitability of services has been shown in
various maps (Fig. 5 and 6). The exercise is carried
out for schools and hospitals. For this, a multiple
theme-based query has been carried out in case
of Dehradun. It shows three theme based queries
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- with major road network of the city, ward wise
population density and inter separable distances
of the existing facility. Figure 5 shows suitable
sites of hospitals in Dehradun, which fulfils
specified criterion. It was if the population density
is more than city’s average density (i.e. more than
8000 persons per square km), distance from
existing facility should be more than 5 km., and
the distance from road is not more than 500 m.
The query was run, and it located the existing
vacant areas or suitable sites for hospitals in the
city. Similar query was run for Schools but with a
different proposition. In case of Schools, three
theme based queries included major road network
(a indicator of access to school), ward-wise
population density and children population ( a
indicator of demand for school) and distance
among existing schools. The resulting map (Fig.
6) shows the best possible locations for additional
schools. Similar queries can be run for a number
of other welfare services and the queries can be
modified according to the need.

It therefore, implies that the tools can be used
more appropriately and quickly in case of urban
management and planning. Remote sensing
technology or say high-resolution satellite
imagery would be ideal, cost and time effective
for producing base-map of towns. Geographers
and planning organizations may take an initiative
to use these techniques for production of base
maps and town planning, locating and planning
for services, and identification of vacant land for
acquisition and management of infrastructure
(alignment of roads, railways and high traffic lines
etc.).Remote sensing and GIS together can help
in the improvement of overall urban environment.

NOTE

This paper emanated from a Project undertaken
by researcher during a training programme (GIS:
Technology and Applications), at Indian Institute
of Remote Sensing, Dehradun, GOI, India in the
year 2002.
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