
  

 

 

 

 
 

UNIT I 

INTRODUCTION 

Basic concepts of remote sensing: 

Remote sensing is the science and art of obtaining information about an object area or 

phenomenon through an analysis of the data acquired by a device which is not in 

contact with the object, area or phenomenon under investigation. In the present context, 

the definition of remote sensing is restricted to mean the process of acquiring 

Information about any object without physically contacting in any way regard less of 

weather the observer is immediately adjacent to the object or millions of miles away. 

It is further required that such sensing may be achieved in the absence of any matter in 

the intervening space between the object and the observer. Consequently, the 

information about the object, are or any phenomenon must be available in a form that 

can be impressed on a carrier vacuum. The information carrier, or communication 

link, is electromagnetic energy. Remote sensing data basically consists of wavelength 

intensity information acquired by collecting the electromagnetic radiation leaving the 

object at specific wavelength and measuring its intensity. 

(a) Spatial resolution 

(b) Spectral resolution 

(c) Radiometric resolution 

(d) Temporal resolution 
 
Answer: 
(a): Spatial resolution: The measure of how closely lines can be resolved in an image 

is called spatial resolution, and it depends on properties of the system creating the 

image, not just the pixel resolution in pixels per inch (ppi). For practical purposes the 

clarity of the image is decided by its spatial resolution, not the number of pixels in an 

image. In effect, spatial resolution refers to the number of independent pixel values per 



unit length. 

 

The spatial resolution of computer monitors is generally 72 to 100 lines per inch, 

corresponding to pixel resolutions of 72 to 100 ppi. With scanners, optical resolution 

is sometimes used to distinguish spatial resolution from the number of pixels per 

inch. 

 
In geographic information systems (GISs), spatial resolution is measured by the 

ground sample distance (GSD) of an image, the pixel spacing on the Earth's surface. 

 

In astronomy one often measures spatial resolution in data points per arc second 

subtended at the point of observation, since the physical distance between objects in 

the image depends on their distance away and this varies widely with the object of 

interest. On the other hand, in electron microscopy, line or fringe resolution refers to 

the minimum separation detectable between adjacent parallel lines (e.g. between planes 

of atoms), while point resolution instead refers to the minimum separation between 

adjacent points that can be both detected and interpreted e.g. as adjacent columns of 

atoms, for instance. The former often helps one detect periodicity in specimens, while 

the latter (although more difficult to achieve) is key to visualizing how individual 

atoms interact. 

 

In Stereoscopic 3D images, spatial resolution could be defined as the spatial 

information recorded or captured by two viewpoints of a stereo camera (left and right 

camera). The effects of spatial resolution on overall perceived resolution of an image 

on a person's mind are yet not fully documented. It could be argued that such "spatial 

resolution" could add an image that then would not depend solely on pixel count or 

Dots per inch alone, when classifying and interpreting overall resolution of an given 



  

 

 

 

photographic image or video frame. 

 
 

 

 

(b) Spectral resolution: 

The spectral resolution or resolving power of a spectrograph, or, more generally, of a 

frequency spectrum, is a measure of its ability to resolve features in the electromagnetic 

spectrum. It is usually defined by 

 

Where 

 Δλ is the smallest difference in wavelengths that can be distinguished, at a 

wavelength of λ. 

 

For example, the Space Telescope Imaging Spectrograph (STIS) can distinguish 

features 0.17 nm apart at a wavelength of 1000 nm, giving it a resolving power of 

about 

5,900. An example of a high resolution spectrograph is the Cryogenic High-Resolution 

IR Echelle Spectrograph (CRIRES) installed at ESO's Very Large Telescope, which 

has a spectral resolution of up to 100,000. 

 

The spectral resolution can also be expressed in terms of physical quantities, such as 

velocity; then it describes the difference between velocities Δv that can be 

distinguished through the Doppler effect. Then, the definition is where c is the speed of 

light. The STIS example above then has a spectral resolution of 51 km/s. 

(c) Radiometric resolution: 

While the arrangement of pixels describes the spatial structure of an image, the 

radiometric characteristics describe the actual information content in an image. Every 



time an image is acquired on film or by a sensor, its sensitivity to the magnitude of 

the electromagnetic energy determines the radiometric resolution. The radiometric 

resolution of an imaging system describes its ability to discriminate very slight 

differences in energy. The finer the radiometric resolution of a sensor, the more 

sensitive it is to detecting small differences in reflected or emitted energy. 

 

(d) Temporal resolution: In addition to spatial, spectral, and radiometric resolution, 

the concept of temporal resolution is also important to consider in a remote sensing 

system. We alluded to this idea in section 2.2 when we discussed the concept of revisit 

period, which refers to the length of time it takes for a satellite to complete one entire 

orbit 

cycle. The revisit period of a satellite sensor is usually several days. Therefore the 

absolute temporal resolution of a remote sensing system to image the exact same area 

at the same viewing angle a second time is equal to this period. However, because of 

some degree of overlap in the imaging swaths of adjacent orbits for most satellites and 

the increase in this overlap with increasing latitude, some areas of the Earth tend to be 

re-imaged more frequently. Also, some satellite systems are able to point their sensors 

to image the same area between different satellite passes separated by periods from one 

to five days. Thus, the actual temporal resolution of a sensor depends on a variety of 

factors, including the satellite/sensor capabilities, the swath overlap, and latitude. 

Concept of remote sensing and also explain various elements involved 

in remote sensing along with a neat sketch. 

Application of aerial photo interpretation to terrain evaluation 

Answer: 

(a): Concept Of Remote Sensing: Remote sensing is the science and art of obtaining 

information about an object area or phenomenon through an analysis of the data 



  

 

 

 

acquired by a device which is not in contact with the object, area or phenomenon 

under investigation. In the present context, the definition of remote sensing is 

restricted to mean the process of acquiring information about any object without 

physically contacting in any way regard less of weather the observer is immediately 

adjacent to 

the object or millions of miles away. It is further required that such sensing may be 

achieved in the absence of any matter in the intervening space between the object and 

the observer. Consequently, the information about the object, are or any phenomenon 

must be available in a form that can be impressed on a carrier vacuum. The information 

carrier, or communication link, is electromagnetic energy. Remote sensing data 

basically consists of wavelength intensity information acquired by collecting the 

electromagnetic radiation leaving the object at specific wavelength and measuring its 

intensity. 

(b):Fields Of Application: 

The interpretation aspects of aerial photos have a wide ranging utility value in several 

fields. In engineering they arc used to obtain a very quick, economical and reliable 

assessment of ground conditions. This will facilitate the location of communication 

lines, canals and site location of airports, towns, industries, dams and harbours. It is 

also put to effective use in the study of water resources including ascertaining of 

ground water potential and flood control. In the field of geology aerial photo techniques 

arc used for mineral exploration and mining. Its use in the agricultural surveys is of 

very great importance because of the necessity of putting the land to its best use in view 

of the increasing need for food and fibres. They also help in the appraisal of soil 

resources, landuse and land capability. In the field of forestry aerial photographs arc 

used to take an inventory of forests in terms of species of trees and vegetational 

mapping. These techniques provide us with a simple and economical method of 

preparing detailed maps for urban and regional planning and development. It also 



facilitates the determining of the best means of developing new areas, services, 

facilities and policies to the ultimate benefit of humanity. 

 

 

 

 

 

 

 

Earth resources satellite 

(a) ANDSAT (b) 

NOAA 

Answer: 

(a) LANDSAT 

Landsat was not a large project by the standards of the program to put human beings in 

space, but it involved broader concerns for NASA and a large-project management 

style. Landsat gained public attention, and a Collier Trophy, because it symbolized a 

wish that the space program would bring more obvious benefits on earth. NASA leaders 

sought to respond to such concerns from Congress and the general public by playing up 

the idea that Earth resources satellites could serve the public good, while at the same 

time promising quick commercialization. But this commitment lacked stamina; NASA 

leaders still saw space exploration as the core mission of the agency, and the agency 

tended to further define that mission as research and development only, not operational 

Data collection or promoting use of the resulting data. Landsat became a project 

intended to provide political or bureaucratic capital to NASA and its supporters, 

and those motivations further complicated the problem of balancing the needs of 



  

 

 

 

researchers and of potential operational users. 

 

The project found itself repeatedly strangled in the budget process and by conflicts 

with the user agencies, even after it had (in the eyes of participants) "succeeded 

magnificently from a scientific and engineering sense. Most of the scientists and 

engineers involved at the working level committed themselves wholeheartedly to 

developing the possibilities for a civilian earth-observation satellite to serve the public 

good. But funding for the project and approval of subsequent steps was repeatedly 

caught up in conflicts both between NASA, the Office of Management and Budget, 

and Congress over funding and between NASA and the agencies that would use the 

data over the future of the project. 

 

(b) NOAA 

Several generations of satellites in the NOAA series have been placed in the orbit. The 

satellites NOAA-6 through NOAA-10 contained Advanced Very High Resolution 

Radiometer (AVHRR). The even numbered missions have day light north-to-south 

equatorial crossing and the odd numbered missions have night time north-to-south 

equatorial crossing. Apart from routine vegetation dynamics, flood monitoring, 

regional soil moisture analysis , dust and sandstorm monitoring, forest wild fire 

mapping ,sea surface temperature mapping, and various geological applications, 

including observation of eruptions and mapping of regional drainage and 

physiographic features. 

 

Three of the older NOAA weather satellites which have been decommissioned and are 

tumbling freely are known to sporadically put out 

a carrier on 137.500 MHz. The satellites are TIROS-N, NOAA 6 and NOAA 9 

When the relevant footprints overlap this will cause interference to 



NOAA 17 when active on this frequency. 

4th June 2010 update for NOAA 9. 

Mike Piper from Oregon has provided an interim update suggesting that there are signs 

that the tumbling which had hit a slow point is 

beginning to speed up again and that interference may be a bit less. He hopes to have a 

further update soon after more investigation. 

NOAA 16's APT transmission system failed a few months after launch. Metop-A's A-

side LRPT transmitter has failed. Currently the redundant 

B-side transmitter is off until further notice (No further service expected due to 

interference with HIRS instrument). 

NOAA 14 was decommissioned on 23rd May 2007. 

NOAA 12 was decommissioned on 10th August 2007. 

Signals have been reported from Meteor M N1 but they are sporadic with periods off. 

Although classed as LRPT it does not conform to the CGMS standard. 

 

NOAA 17 has scan motor problems with rising motor currents. 

Constant rephase by the MIRP was causing data dropouts on all the HRPT Stream and 

APT and GAC derivatives. 

Auto re-phase has now been disabled and the resulting AVHRR products are almost all 

unusable. Daily MIRP rephasing via the Stored Command Table began on 18 May 2010 

(10/138) - at the first pass over the South Pole each day. 

Update 29/09/10 :- Further deterioration in scan motor performance with no useable data 

from the AVHRR instrument. Scan motor has stalled. 

As of 12th October 2010 at 15.00 UTC the following APT frequencies 

 

 (b) Electromagnetic energy interactions with earth surface: 

When electromagnetic energy is incident on any feature of earth’s surface, such as a 



  

 

 

 

water body, various fractions of energy get reflected, absorbed, and transmitted as 

shown in fig. Applying the principle of conversation of energy, 

 

 

 

 

EI (λ) = ER (λ)+EA (λ)+ET (λ). 

 

 

 

Where,  

EI = Incident energy 

ER = Reflected energy 

EA = Absorbed energy 

And, ET = Transmitted energy 

 

All energy components are functions of wavelength, (I). In remote sensing, the amount 

of reflected energy ER (λ) is more important than the absorbed and transmitted 



 
 

energies. There fore, it is more convenient to rearrange these terms like 

 

ER (λ) = EI (λ) –[EA (λ)+ET (λ)] . . . . . . . . . . . . (i) 

 

Eqn (i) is called balance equation. From this mathematical equation, two 

important points can be drawn. Firstly, 

 

[ER (λ)/EI (λ)] = [EI (λ)/ EI (λ)] – {[EA (λ)/EI (λ) + [ET (λ)/EI (λ)]}  . . . . . . . . . . (ii) 

According to principles of physics, it is known that 

(ER (λ) /EI (λ)); EA (λ)/EI (λ) and ET (λ)/EI (λ) are called reflectance, absorbance and 

transmittance and can be denoted as ρ(λ), α(λ), and γ(λ). 

 

Simply, it can be understood that, the measure of how much electromagnetic radiation 

is reflected off a surface is called its reflectance. The reflectance range lies between 1 

and 1. A measure of 1.0 means that 100% of the incident radiation is reflected off the 

surface, and a measure ‘0’ means that 0% is reflected. The reflectance characteristics 

are quantified by “spectral reflectance, ρ(λ) which is expressed as the following ratio: 

ρ(λ) = ER (λ)/EI (λ) 

 

Eqn (ii) can be written as 

. . .  . . . . .  . . .(iii) 

 

ρ(λ) = 1-[ α(λ)+ γ(λ)]                                                   . . . . . . . . . . . . . (iv) 

 

Since, almost all earth surface features are very opaque in nature, the transmittance 

γ(λ) can be neglected. According to Kirchhoff’s law of physics, the absorbance is 



  

 

 

 

taken as emissive(ξ). There fore equation (iv) becomes 

 

Ρ (λ) = 1- ξ (λ)                                                        . . . . . . . . . . . . . . . . .(v) 

 

The fundamental equation by which the conceptual design of remote sensing 

technology is built. If ξ (λ) is a zero, then ρ(λ), that is, the reflectance is one, which 

means, the total energy incident on the object is reflected and recorded by sensing 

systems. The classical example of this of the type of object is snow. If ξ(λ) is one, 

then (λ) is a zero indicating that whatever the energy incident on the object, is 

completely absorbed by that object. 

 

Electromagnetic spectrum. 

Answer: 

(a): The electromagnetic spectrum may be defined as the ordering of the radiation 

according to wavelength, frequency, or energy. The wavelength, denoted by λ, is the 

distance between adjacent intensity maximum (for example) of the electromagnetic 

wave, and consequently, it may be expressed in any unit of length. Most commonly 

wavelength and consequently, it may be expressed in any unit of length. Most 

commonly wave length is expressed in meters (m) or centimeters (cm); microns or 

micrometers (μ or μ m = 10-4 cm); nanometers (nm = 10-7); or Angstrom units (Å= 

10-8 cm). The frequency denoted by υ, is the number of maxima of the 

electromagnetic wave that passes a fixed point in a given time. Its relationship to 

wavelength is simply, 

υ = C/λ 

where, C is the speed of light. Frequency is commonly expressed in reciprocal 

centimeters, also called wave numbers (cm-1)or cycles per second (cps) which are also 



called Hertz (Hz). The wavelengths may assume any value, although for most from the 

cosmic ray to the audio range. However, wave lengths as long as 1011m have been 

detected by sensitive magnetometers. 

It is all generated by electrically charged matter. However, there is no universal 

radiation generator that provides a useful intensity of radiation at all wavelengths for 

practical purposes, and there is no universal wave length resolving instrument or 

universal detector. Consequently, the spectrum has been divided into regions that bear 

names related to the sources that produce it, such as, the “ray” regions, or according to 

the visible range such as, the ultraviolet and the infrared regions, or according to the 

way in which wavelengths in a range are used such as, radio and television. The extent 

of the wavelength ranges corresponding to these names were made mostly on the basis 

of the limits imposed by the human eye(visible), the properties of optical materials, and 

the response limits of various sources and detectors. 

 

 

 



  

 

 

 

 

 
 

Electromagnetic remote sensing process. 

The overview of linkage of remote sensing and GIS.  

 

Answer: 

(a): The generalised processes involved in electromagnetic remote sensing system or 

passive remote sensing system, namely, data acquisition and data analysis are outlined 

below and a schematic diagram of electro-magnetic remote sensing process is shown in 

fig. The data acquisition process comprises distinct elements, namely, (i) energy 

sources, (ii) propagation of energy through the atmosphere, (iii) energy interactions 

with earth’s surface features (iv) airborne sensors to record the reflected energy and (v) 

generation of sensor data in the form of pictures or digital information. These elements 

are described in detail further in this chapter. 

 

The data analysis process involves examining the data using various viewing 

instruments to analysis pictorial data which is called the ‘visual image interpretation 

techniques’. Use of computers to analyse digital data through a process is known as 

digital image processing techniques. The analysis of a data utilizing visual image 

interpretation involves use of the fundamental picture elements, namely tone, texture 

pattern, size and shape in order to detect and identify various objects. Areal or satellite 

imagery are seen through stereoscopic instruments today for visual interpretation and 

for transferring the details on to base maps. If the data is available in digital form, it 

can be analysed on interactive computer systems for extracting statistical data or 

classified to obtain thematic information about resources. The scene is interactively 

analysed using computers by comparing with the actual “signature” of the object 

collected through field visits. This system of classification of objects is quite accurate 

and depends on the dispersion of training data sets over the area of the scene. 



(b): Linkage of remote sensing and GIS: 

 

 

 

The electromagnetic spectral regions. 

Answer: 

(a): Electromagnetic spectral regions 

 

Region Wave length 

<0.03 nm 

Remarks 

 
Gamma Ray 

X- ray 0.03 to 3.0 nm 

 

 

Incoming radiation is completely 

absorbed by the upper atmosphere and is not available for 

remote sensing. Completely absorbed by atmosphere. Not 

Employed in remote sensing. 

Ultraviolet 



  

 

 

 

Photographic 

UV band 

0.3 to 0.4 µm 

 

 

 

0.3 to 0.4 µm 

 

 

 

0.4 to 0.7 µm 

 

 

 

0.7 to 1.00 µm 

 

 

 

0.7 to 3.0 µm 

 

 

 

 

 

 

3 to 5 µm band 

 

 

 

 

 

 

 

Incoming wavelengths less than 0.3 µm are completely 

absorbed by ozone in the upper atmosphere. 

Transmitted through atmosphere. Detectable with film 

and  photo detectors, but atmospheric scattering is 

severe Imaged with film and photo detectors. Includes 

reflected energy peak of earth at 

0.5 µm 

Interaction with matter varies with wavelength. 

Atmospheric transmission windows are separated. 

Reflected solar radiation that contains information 

about thermal properties of materials. The band from 

0.7 to 0.9 µm is detectable with film and is called the 

photographic IR band. 

Principal atmospheric windows in the 8 to 

14 µm thermal region. Images at these wavelengths are 

acquired by optical mechanical scanners and special 

vidicon systems but not by film. Microwave 0.1 to 

30 cm longer wavelengths can penetrate clouds, fog, 

and rain. Images may be acquired in the active or 

passive mode. Active form of microwave remote 

sensing. Radar images are acquired at various 

wavelength bands. 

Longest wavelength portion of electromagnetic 

spectrum. Some classified radars with very long 

wavelengths operate in this region. 

Visible 

Infrared 

Reflected IR 

band 

Thermal IR 

Radar 

Radio 



 

Components of Remote Sensing: 
 

1. Energy Source or Illumination: the first requirement for remote sensing is to 

have an energy source which provides electromagnetic energy to the target of 

interest. 

 

2. Radiation and the Atmosphere: as the energy travels from its source to the target, 

it will come in contact with and interact with the atmosphere it passes through. This 

interaction may take place a second time as the energy travels from the target to the 

sensor. 

 

3. Interaction with the Target: as the energy travels from its source to the target 

through the atmosphere, it interacts with the target depending on the properties of both 

the target and the radiation. 

 

4. Recording of Energy by the Sensor: after the energy has been emitted from the 

target, we require a sensor (remote -not in contact with the target) to collect and record 

the electromagnetic radiation. In order for a sensor to collect and record energy 

reflected or emitted from a target or surface, it must reside on a stable platform 

removed from the target or surface being observed. Platforms for remote sensors may 

be 

situated on the ground, on an aircraft or balloon (or some other platform within the 

Earth's atmosphere), or on a spacecraft or satellite outside of the Earth's atmosphere. 

Sensors may be placed on a ladder, scaffolding, tall building, cherry picker, crane, etc. 

Aerial platforms are primarily stable wing aircraft, although helicopters are 

occasionally used. Aircraft are often used to collect very detailed images and facilitate 

the collection of data over virtually any portion of the Earth's surface at any time. 



  

 

 

 

 

5. Transmission, Reception, and Processing: the energy recorded by the sensor has 

to be transmitted, often in electronic form, to a receiving and processing station where 

the data are processed into an image (hardcopy and/or digital). 

 

6. Interpretation and Analysis: the processed image is interpreted, visually and/or 

digitally or electronically, to extract information about the target, which was 

illuminated. 

7. Application: the final element of the remote sensing process is achieved when we 

apply the information we have been able to extract from the imagery about the target 

in order to better understand it, reveal some new information, or assist in solving a 

particular problem. 

These seven elements comprise the remote sensing process from beginning to end. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT II 

IMAGE ANALYSIS 

BASIC ELEMENTS OF IMAGE INTERPRETATION. 
 

Answer: 

Basic elements of image interpretation: 

(i) Tone: Ground objects of different color reflect the incident radiation differently   

pending upon the incident wave length, physical and chemical constituents of the 

objects. The imagery as recorded in remote sensing is in different shades or tones. 

(ii) Texture: Texture is an expression of roughness or smoothness as exhibited by 

the imagery. It is the rate of change of tonal values. Texture can qualitatively be 

expressed as course, medium and fine. The texture is a combination of several 

image characteristics such as tone, shadow size, shape and pattern etc., and is 

produced by a mixture of features too small to be seen individually because the 

texture by definition is the frequency of tonal changes. 

(iii) Association: The relation of a particular feature to its surroundings is an 

important key to interpretation. Some times a single featured by itself may not be 

distinctive enough to permit its identification. 

(iv) Shape: Some ground features have typical shapes due to the structure or 

topography. For example air fields and football stadium easily can be interpreted 

because of their finite ground shapes and geometry whereas volcanic covers, sand, 

river terraces, cliffs, gullies can be identified because of their characteristic shape 

controlled by geology and topography. 

(v) Size: The size of an image also helps for its identification whether it is relative or 

absolute. Sometimes the measurements of height (as by using parallax bar) also gives 

clues to the nature of the object. 



  

 

 

 

(vi) Shadows: shadows cast by objects are sometimes important clues to their 

identification and interpretation. For example, shadow of a suspension bridge can 

easily be discriminated from that of cantilever bridge. Similarly circular shadows are 

indicative of coniferous trees. 

(vii) Size factor or topographic location: Relative elevation or specific location of 

objects can be helpful to identify certain features. For example, sudden appearance or 

disappearance of vegetation is a good clue to the underlying soil type or drainage 

conditions. 

(viii) Pattern: Pattern is the orderly special arrangement of geological topographic 

or vegetation features. This special arrangement may be two-dimensional or 3- 

dimensional. 

BASIC CHARACTER OF DIGITAL IMAGE 

IMAGE REGISTRATION 

Answer: (a): 

In remote sensing energy emanating from the earth's surface is measured using a 

sensor mounted on an aircraft or spacecraft platform. That measurement is used to 

construct an image of the landscape beneath the platform, as depicted in Fig. 

 

The energy can be reflected sunlight so that the image recorded is, in many ways. 

similar to the view we would have of the earth's surface from an aeroplane, although the 

wavelengths used in remote sensing are often outside the range of human vision. As an 

alternative, the upwelling energy can be from the earth itself acting as a radiator 

because of its own temperature. Finally, the energy detected could be scattered from the 

earth as the result of some illumination by an artificial energy source such as a laser or 

radar carried on the platform. 

 



Each of these will be outlined in more detail in the following; it is important here to 

note that the overall system is a complex one involving the scattering or emission of 

energy from the earth's surface, followed by transmission through the atmosphere to 

instruments mounted on the remote sensing platform, transmission or carriage of data 

back to the earth's surface after which it is then processed into image products ready 

for application by the user. It is really from this point onwards that the material of this 

book is concerned, viz. we wish to understand how the data, once available in image 

format, can be used to build maps of features on the landscape. 

 

 

 

(b):1. Preprocessing: This involves preparing the images for feature selection and 

correspondence. Using methods such as scale adjustment, noise removal, and 

segmentation. When pixel sites in the images to he registered are different hut known, 



  

 

 

 

one image is resampled to the scale of the other image. This scale adjustment facilitates 

feature correspondence. II the given images arc known to be noisy, they are smoothed to 

reduce the noise. Image segmentation is the processor partitioning an image into regions 

so that features can be extracted. 

 

2. Feature Selection: To register two images, a number of features are selected from 

the images and correspondence is established between them. Knowing the 

correspondences, a transformation function is then found to resample the sensed image 

lo the geometry of the reference image. The features used in image registration arc 

corners, lines, curves, templates, regions, and patches. The type of features selected in 

an image depends on the type of image provided. An image of a man-made scene often 

contains line segments, while a satellite image often contains contours and regions. In a 

3-D image, surface patches and regions are often present. Templates ore abundant in 

both 2-D and 3-D images and can he used as; features to register images. 

 

3. Feature Correspondence: This can be achieved cither by selecting features in the 

reference linage and searching for them in the sensed image or by selecting features in 

both  images independently and then determining the correspondence between them. 

The former method is chosen when the features contain considerable information, such 

as image regions or templates. The latter method is used when individual features, 

such as points and lines, do not contain sufficient information. If the features are not 

points, it is important that from each pair of corresponding features at least one pair of 

corresponding points is determined. The coordinates of corresponding points are used 

to determine the transformation parameters. For instance, if templates arc used, centers 

of corresponding templates represent corresponding points; if regions arc used, centers 

of gravity of corresponding regions represent corresponding points; if lines are used, 

intersections of corresponding line pairs represent corresponding points; and if curves 



are used. locally maximum curvature points on corresponding curves represent 

corresponding points. 

4. Determination of a Transformation Function: Knowing the coordinates of a set of 

corresponding points in the images, a transformation function is determined lo resample 

the sensed image to the geometry of the reference image. The type of transformation 

function used should depend on the type of geometric difference between the images. If 

geometric difference between the inures Is nut known, a transformation that can easily 

adapt to the geometric difference between the images should he used. 

 

5. Resampling: Knowing the transformation function, the sensed image is resampled to 

the geometry of the reference image. This enables fusion of information in the images 

or detection of changes in the scene. 

DIGITAL IMAGE 
 

A digital remotely sensed image is typically composed of picture elements 

(pixels) located at the intersection of each row i and column j in each K bands of 

imagery. Associated with each pixel is a number known as Digital Number (DN) 

or Brightness Value (BV), that depicts the average radiance of a relatively small 

area within a scene (Fig. 1).   A smaller number indicates low average radiance 

from the area and the high number is an indicator of high radiant properties of 

the area. 

 



  

 

 

 

IMAGE ENHANCEMENT  TECHNIQUES 

Image enhancement techniques improve the quality of an image as perceived by a 

human.  These techniques are most useful because many satellite images when examined 

on a colour display give inadequate information for image interpretation.  There is no 

conscious effort to improve the fidelity of the image with regard to some ideal form of 

the image.  There exists a wide variety of techniques for improving image quality. The 

contrast stretch, density slicing, edge enhancement, and spatial filtering are the more 

commonly used techniques.  Image enhancement is attempted after the image is 

corrected for geometric and radiometric distortions.  Image enhancement methods 

are applied separately to each band of a multispectral image.  Digital techniques 

have been found to be most satisfactory than the photographic technique for image 

enhancement, because of the precision and wide variety of digital processes. 

 

Contrast 

Contrast generally refers to the difference in luminance or grey level values in an image 

and is an important characteristic. It can be defined as the ratio of the maximum 

intensity to the minimum intensity over an image. 

Contrast ratio has a strong bearing on the resolving power and detectability of an 

image.  Larger this ratio, more easy it is to interpret the image. Satellite images lack 

adequate contrast and require contrast improvement. 

Contrast Enhancement 

Contrast enhancement techniques expand the range of brightness values in an 

image so that the image can be efficiently displayed in a manner desired by the analyst. 

The density values in a scene are literally pulled farther apart, that is, expanded over a 

greater range. The effect is to increase the visual contrast between two areas of 

different uniform densities. This enables the analyst to discriminate easily between 



areas initially having a small difference in density. 

Linear Contrast Stretch 

This is the simplest contrast stretch algorithm. The grey values in the original 

image and the modified image follow a linear relation in this algorithm. A density 

number in the low range of the original histogram is assigned to extremely black and a 

value at the high end is assigned to extremely white. The remaining pixel values are 

distributed linearly between these extremes. The features or details that were obscure 

on the original image will be clear in the contrast stretched image. Linear contrast 

stretch operation can be represented graphically as shown in Fig. 4. To provide 

optimal contrast and colour variation in colour composites the small range of grey 

values in each band is stretched to the full brightness range of the output or display 

unit. 

IMAGE CLASSIFICATION 

Image classification refers to the computer-assisted interpretation of remotely sensed 

images. The procedures involved are treated in detail in the IDRISI Guide to GIS and 

Image Processing Volume 2 chapter Classification of Remotely Sensed Imagery. This 

section provides a brief overview. 

 

Although some procedures are able to incorporate information about such image 

characteristics as texture and context, the majority of image classification is based solely 

on the detection of the spectral signatures (i.e., spectral response pat- terns) of land cover 

classes. The success with which this can be done will depend on two things: 1) the 

presence of dis- tinctive signatures for the land cover classes of interest in the band set 

being used; and 2) the ability to reliably distinguish these signatures from other spectral 

response patterns that may be present. 

There are two general approaches to image classification: supervised and 

unsupervised. They differ in how the classification is performed. In the case of supervised 



  

 

 

 

classification, the software system delineates specific landcover types based on statis- tical 

characterization data drawn from known examples in the image (known as training sites). 

With unsupervised classifi- cation, however, clustering software is used to uncover the 

commonly occurring landcover types, with the analyst providing interpretations of those 

cover types at a later stage 

 

Supervised Classification 

The first step in supervised classification is to identify examples of the information 

classes (i.e., land cover types) of inter- est in the image. These are called training sites. 

The software system is then used to develop a statistical characterization of the 

reflectances for each information class. This stage is often called signature analysis and 

may involve developing a charac- terization as simple as the mean or the range of 

reflectances on each band, or as complex as detailed analyses of the mean, variances and 

covariances over all bands. 

Once a statistical characterization has been achieved for each information class, the 

image is then classified by examining the reflectances for each pixel and making a 

decision about which of the signatures it resembles most. There are several techniques 

for making these decisions, called classifiers. Most Image Processing software will offer 

several, based on vary- ing decision rules. IDRISI offers a wide range of options falling 

into three groups depending upon the nature of the out- put desired and the nature of the 

input bands. 

Hard classifiers 

The distinguishing characteristic of hard classifiers is that they all make a definitive 

decision about the landcover class to which any pixel belongs. IDRISI offers three 

supervised classifiers in this group: Parallelepiped (PIPED), Minimum Dis- tance to 

Means (MINDIST), and Maximum Likelihood (MAXLIKE). They differ only in the 

manner in which they develop and use a statistical characterization of the training site 



data. Of the three, the Maximum Likelihood procedure is the most sophisticated, and is 

unquestionably the most widely used classifier in the classification of remotely sensed 

imag- ery. 

soft classifiers 

Contrary to hard classifiers, soft classifiers do not make a definitive decision about the 

land cover class to which each pixel belongs. Rather, they develop statements of the 

degree to which each pixel belongs to each of the land cover classes being considered. 

Thus, for example, a soft classifier might indicate that a pixel has a 0.72 probability of 

being forest, a 

0.24 probability of being pasture, and a 0.04 probability of being bare ground. A hard 

classifier would resolve this uncer- tainty by concluding that the pixel was forest. 

However, a soft classifier makes this uncertainty explicitly available, for any of a variety 

of reasons. For example, the analyst might conclude that the uncertainty arises because 

the pixel contains more than one cover type and could use the probabilities as indications 

of the relative proportion of each. This is known as sub-pixel classification. Alternatively, 

the analyst may conclude that the uncertainty arises because of unrepresentative training 

site data and therefore may wish to combine these probabilities with other evidence 

before hardening the decision 

 

Unsupervised Classification 

In contrast to supervised classification, where we tell the system about the character 

(i.e., signature) of the information classes we are looking for, unsupervised classification 

requires no advance information about the classes of interest. Rather, it examines the 

data and breaks it into the most prevalent natural spectral groupings, or clusters, present 

in the data. The analyst then identifies these clusters as landcover classes through a 

combination of familiarity with the region and ground truth visits. 

 



  

 

 

 

The logic by which unsupervised classification works is known as cluster analysis, and 

is provided in IDRISI primarily by the CLUSTER module. CLUSTER performs 

classification of composite images (created with COMPOSITE) that com- bine the most 

useful information bands. It is important to recognize, however, that the clusters 

unsupervised classifica- tion produces are not information classes, but spectral classes 

(i.e., they group together features (pixels) with similar reflectance patterns). It is thus 

usually the case that the analyst needs to reclassify spectral classes into information 

classes. For example, the system might identify classes for asphalt and cement which the 

analyst might later group together, creat- ing an information class called pavement. 

 

While attractive conceptually, unsupervised classification has traditionally been 

hampered by very slow algorithms. How- ever, the clustering procedure provided in 

IDRISI is extraordinarily fast (unquestionably the fastest on the market) and can thus be 

used iteratively in conjunction with ground truth data to arrive at a very strong 

classification. With suitable ground truth and accuracy assessment procedures, this tool 

can provide a remarkably rapid means of producing quality land cover data on a 

continuing basis. 

 

In addition to the above mentioned techniques, two modules bridge both supervised and 

unsupervised classifications. ISOCLUST uses a procedure known as Self-Organizing 

Cluster Analysis to classify up to 7 raw bands with the user specify- ing the number of 

clusters to process. The procedure uses the CLUSTER module to initiate a set of clusters 

that seed an iterative application of the MAXLIKE procedure, each stage using the 

results of the previous stage as the training sites for this supervised procedure. The result 

is an unsupervised classification that converges on a final set of stable members using a 

supervised approach (hence the notion of "self-organizing"). MAXSET is also, at its core, 

a supervised procedure. However, while the procedure starts with training sites that 



characterize individual classes, it results in a classification that includes not only these 

specific classes, but also significant (but unknown) mixtures that might exist. Thus the 

end result has much the character of that of an unsupervised approach. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

UNIT III 

GEOGRAPHIC INFORMATION SYSTEM 

The expansion of GIS is Geographic Information System which consists of three 

words, viz. Geographic, Information and System. Here the word ‘Geographic’ deals with 

spatial objects or features which can be referenced or related to a specific location on the 

earth surface. The object may be physical / natural or may be cultural / man made. 

Likewise the word ‘Information’ deals with the large volume of data about a particular 

object on the earth surface. The data includes a set of qualitative and quantitative aspects 

which the real world objects acquire. The term ‘System’ is used to represent systems 

approach where the complex environment (consists of a large number, of objects / 

features on the earth surface and their complex characteristics) is broken down into their 

component parts for easy understanding and handling, but is considered to form an 

integrated whole for managing and decision making. Now-a-days this is possible in a 

very short span of time with the development of sophisticated computer hardware and 

software. Therefore, GIS is a computer based information system which attaches a 

variety of qualities and characteristics to geographical location (Fig.5)and helps in 

planning and decision making. A Geographic Information System (GIS) may be defined 

in different manners. International Training Centre (ITC), Holland defined Geographic 

Information System (GIS) as a computerised system that facilitates the phases of data 

entry, data analysis and data presentation especially in cases when we are dealing with 

geo referenced data. Indian Society of Geomatics (ISG) and Indian Space Application 

Centre (ISRO) defined GIS as a system which provides a computerised mechanism for 

integrating various geoinformation data sets and analysing them in order to generate 

information relevant to planning needs in a context. 

According to Centre for Spatial Database Management and Solutions (CSDMS), GIS 

is a computer based tool for mapping and analysing things that exist and events that 



happen one earth. 

  

h (1986) defined GIS as a set of tools for collecting, storing, retrieving at will, 

transforming and displaying spatial data from the real world for a particular set of 

purpose. Arnoff (1989) defined GIS as a computer based system that provides four sets of 

capabilities to handle geo referenced data, viz. data input, data management (data storage 

and retrieval), manipulation analysis and data output. 

Requirements for GIS Operation GIS primarily deals with geographic data to be 

analysed, manipulated and managed in an organized manner through computers to solve 

real world problems. So, GIS operation requires two things – computer system and 

geographic data. Computer System It includes both hardware and software. GIS runs 

through computer system ranging from portable personal computers (PCs) to multi-user 

super computers which are programmed by wide variety of software languages. In all 

ranges, there are a number things, that are essential for effective GIS operation. These 

include: 1)a processor with sufficient power to run the software, 2)sufficient memory for 

the storage of large volume of data, 3)a good quality, high resolution colour graphic 

screen and 4)data input and output devices (for example digitizers, scanners, keyboard, 



  

 

 

 

printers and plotters). There are a wide range of software packages for GIS analysis, each 

with its own advantages and disadvantages. Even those lists are too long to be mentioned 

here, the important ones are different versions of ARC View, ARC Info, Map Info., ARC 

GIS, Auto Cad Map etc. Data for GIS A GIS without data is like a car without fuel. 

Without fuel, a car cannot move, likewise without data a GIS will not produce anything. 

Data for GIS can be obtained from different sources like aerial photographs, satellite 

imageries, digital data, conventional maps, Census, Meteorological department, field data 

(surveys/GPS) etc. These data obtained from various sources can be classified into two 

types – spatial data which describes location and attribute data which specifies the 

characteristics at that location. Spatial data tells us, “where the object is?” Attribute data 

tells us “What the object is?” or “How much the object is?” In other words, it tells the 

characteristics at that location. Spatial Data The spatial data or real world features are 

very complex. So, spatial data is simplified before they are entered into the computer. 

The common way of doing this is to break down all geographic features into three basic 

entity types – points, lines and areas. Points are ‘one dimensional’ objects, used to 

represent features that are very small, e.g. a post box, an electric pole, a well or tube well 

etc. Only latitudinal and longitudinal values or a coordinate reference can be given to 

these features to explain their location. Lines are two dimensional objects and are used to 

represent linear features, for example roads and rivers. Lines are also used to represent 

linear features that do not exist in reality, such as administrative boundaries and 

international boundaries. Areas are three dimensional objects and are represented by 

closed set of lines and are used to define features such as agricultural fields, forest areas, 

administrative areas etc. Area entities are often referred to as polygons. The 

representation of real world features using the point, line and area entity types appears 

relatively simple. However, the appropriate entity to represent real world features is often 

difficult and it depends upon the scale of the map. On a world map, cities are represented 

by points. It only gives information about number of cities shown on the world map. At 



national or regional scale, the ‘point’ entity to represent cities is considered too simple, as 

it tells us nothing about the real size of the city. In this case, cities are represented by 

‘area’ entity. At the local scale, ‘area’ entity to represent cities would be considered too 

simple. In this case, cities are represented by mixture of ‘point’, ‘lines’ and ‘areas’ as 

entities. Points may be used to represent features such as electric poles, post boxes etc. 

Likewise lines and areas may be used to represent road networks and residential blocks 

respectively. So, the decision makers decide the ‘entities’ through which different 

features of real world would be represented. Attribute Data As it is mentioned earlier, 

attribute data tells the characteristics of different objects / features on the earth surface. 

These are descriptions, measurements or classification of geographic features. Attribute 

data can be both qualitative (like land use type, soil type, name of the city/river etc.) and 

quantitative (like elevation, temperature, pressure of a particular place, crop yield per 

acre etc.). So, the attribute can be both numeric and textual. The examples of attribute 

data of different spatial features like point (well), line (river), area (village) are shown in 

box 1. The attribute data are generally in tabular form. 

Today, the term GIS tends to be applied whenever geographical information in digital 

form is manipulated, whatever be the purpose of that manipulation. Thus using a 

computer to make a map is referred to as 'GIS'. This entails using the same computer to 

analyse geographical information and to make future forecasts using complex models of 

geographical processes. The earth images collected by remote sensing satellites are 

geographical data, but the systems that process the images are not to be called GIS as 

long as they remain confined to this particular form of data in such cases. 'GIS' tends to 

be reserved for systems that integrate remotely sensed data with other types, or process 

data that have already been cleaned and transformed. Similarly, an atmospheric scientist 

or oceanographer will tend to associate 'GIS' with the system used more for 

multidisciplinary work and policy studies, and other software environments for modelling 

and analysis within the confines of one's own discipline. 



  

 

 

 

KEY COMPONENTS 

GIS are decision support computer based systems for collecting, storing, presenting and 

analysing geographical spatial information. These systems are spatially referenced 

databases giving users the potentiality to control queries over space, and usually through 

time. GIS is much more advanced than Computer Aided Design (CAD) or any other 

spatial data system. The basic output of GIS or spatial data analysis system is a map. The 

need to analyse maps to compare and contrast patterns of earth related phenomena, is 

confirmed by the long standing tradition of doing so with traditional maps. Many 

geographical phenomena are best described scientifically as fields. Good examples are 

topographic elevations, air temperatures, and soil moisture content. A 2-dimensional field 

may be defined as any single valued function of location in a 2-dimensional space and 

discrete fields, with nominal dependent variables. It appears that any geographical 

phenomenon can be represented either as a field or as a collection of digital objects. For 

example, a set of states or revnue or administrative units like mandals within a country 

would commonly be represented in a GIS as a set of areal objects, or as a set of linear 

objects that form their boundaries. Fields can be digitally represented by vector 

approaches, but are often represented by raster data structures. 

 

Components of a GIS 

Geographical Information Systems have three important components, nameiy, computer 

hardware, sets of application software modules, and a proper organisational setup. These 

three components need to be in balance if the system is to function satisfactorily. GIS run 

on the whole spectrum of computer systems ranges from portable personal computers to 

multi-user supercomputers, and are programned in a wide variety of software packages. 

Systems are available that use dedicated and expensive work stations, with monitors and 

digitising tables built in. In all cases, there are a number of elements that are essential for 

effective GIS operations. These include (Burrough, 1986): 



(i) the presence of a processor with sufficient power to run the software 

(ii) sufficient memory for the storage of large volumes of data 

(iii) a good quality, high resolution color graphics screen and 

(iv) data input and output devices, like digitisers, scanners, keyboards, printers 

and plotters. 

The general hardware components of a GIS include control processing unit which is 

linked to mass storage units, such as, hard disk drives and tape drives, peripherals such as 

digitiser or scanner, printer or plotter and Visual Display Unit (VDU). Fig. 7.6 shows the 

major hardware components of a GIS. 

 

 

 



  

 

 

 

DATA ENTRY AND PREPARETION 

Stages of GIS Data Modelling 

The construction of models of spatial form can be taken as a series of stages of data 

abstraction. By applying this abstraction process the GIS designer moves from the 

position of observing the geographical complexities of the real world to one of simulating 

them in the computer. This process involves,  

(i) Identifying the spatial features from the real world that are of interest in the context of 

an application.  

(ii) Representing the conceptual model by an appropriate spatial data model. 

This involves choosing between one of the two approaches: raster or vector. 

(iii) Selecting an appropriate spatial data structure to store the model within the 

computer. The spatial data structure is the physical way in which entities are 

coded for the purpose of storage and manipulation. 

Fig. 8.1 provides .an overview of the stages involved in creating a GIS data model. At 

each stage in the model-building process, we move further away from the physical 

representation of a feature in reality and closer to its abstract representation in the 

computer. In this chapter, the definition of entities and graphical representation of the 

surface features in the computers are considered along with the different spatial data 

models and structures available. The modelling of more complex features and the 

difficulties of including the third and fourth dimensions in a GIS model are also 

presented. 

 



 

 



  

 

 

 

Graphic Representation of Spatial Data 

An entity is the element in reality. It is a phenomenon of interest in reality that is not 

further subdivided into phenomena of the same kind. For example, a city can be 

considered an entity. A similar phenomena stored in a database are identified as entity 

types. All geographi~al phenomena can be represented in two dimensions by three main 

entity types: points, lines, and areas. Fig. 8.2 shows how a spatial data model could be 

constructed using points, lines, and areas. Fig. 8.2 also introduces two additional spatial 

entities: networks and surfaces. These are an extension of the area and line concepts. 

 

 



A surface entity is used to represent continuous features or phenomena. For these 

features there is a measurement or value at every location, as in the case of elevation, 

temperature and population density. This makes representation by a surface entity 

appropriately. The continuous nature of surface entities distinguishes them from 

other entity types (points, lines, areas, and networks) which are discrete, that is, 

either present or absent at a particular location. A network is a series of 

interconnecting lines along which there is a flow of data, objects or materials, for 

example, the road network, along which there is a flow of traffic to and from the 

areas. Another example is that of a river, along which there is a flow of water. Others 

not visible on the land surfaces, include the sewerage and telephone systems 

considered network type of entities. 

The dynamic nature of the world poses two problems for the entity-definition 

phase of a GJS project. The first is how to select the entity type that provides the 

most appropriate representation for the features being modelled. Is it best to 

represent a forest as a collection of points (representing the location of individual 

trees), or as an area (the boundary of which defines the territory covered by the 

forest)? The second problem is how to represent changes over time. A forest, 

originally represented as an area, may decline until it is only a dispersed group of 

trees that are better represented by using points. 

The definition of entity types for real-world features is also hampered by the fact that 

many real-world features simply do not fit into the categories of entities available. 

An area of natural woodland does not have a clear boundary as there is normally a 

transition where trees are interspersed with vegetation from a neigh bouring habitat 

type. In this case, if we wish to represent the woodland by an area entity, where do 

we place the boundary? The question is avoided if the data are captured from a paper 

map where a boundary is clearly marked, as if someone has already made a decision 

about the location of the woodland boundary. But is this the true boundary? 

Vegetation to an ecologist may be a continuous feature (which could be represented 

by a surface), whereas vegetation to a forest is better represented as series of discrete 

area entities.  



  

 

 

 

Features with 'fuzzy' boundaries, such as the woodland, can create problems for the 

GIS deSigner and the definition of entities, and may have an impact on later analysis. 

Deciding which entity type should be used to model a real-world feature is not 

always straightforward. The way in which individuals represent a spatial feature in 

two dimensions will have a lot to do with how they conceptualise the feature. In turn 

this will be related to their own experience and how they wish to use the entity they 

produRe. An appreciation of this issue is central to the design and development of all 

GIS applications 

There are two fundamental methods of representing geographical entities. They 

are (i) Raster method, and (ii) Vector method. 

 

Raster Data Representation 

In raster representation , the terrain is divided into a number of parcels or quantised 

the space into units. A parcel or a unit is called a grid cell. Although a wide variety 

of raste~ shapes like triangles or hexagons are possible, it is generally simpler  to use 

a series of rectangles, or more often squares, called grid cells. Grid cells or other 

raster forms generally are uniform in size, but this is not absolutely necessary. For 

the sake of simplicity, we will assume that all grid cells are of the same size and that, 

therefore, each occupies the same amount of geographic space as any other. Raster 

data structures do not provide precise locational information because geographic 

space is now divided into discrete grids, as much as we divide a checkerboard into 

uniform squares. Instead of representing points with their absolute locations, they are 

represented as a single grid cell (Fig. 8.3). This stepped appearance is also obvious 

when we represent areas with grid cells. All points inside the area that is bounded by 

a close set of lines must occur within one of the grid cells to be represented as part of 

the same area. The more irregular the area, the more stepped the appearance. 

In grid-based or raster GIS, there are two general ways of including attribute data for 

each entity. The simplest is to assign a single number representing an attribute  like a 

class of land cover, for each grid cell location. By positioning these numbers, we,  

 



ultimately, are allowing the position of the attribute value to act as the default 

location for the entity. For example, if we assign a code number of 10 to represent 

water, then list this as the first number in the X or column direction, and the first in 

the Y or row direction, by default the upper left grid cell is the location of a portion 

of the earth representing water. The larger the grid cell, the more land area is 

contained within it --a concept called resolution . The coarser the resolution of the 

grid, the less we know about the absolute position of points, lines, and areas 

represented by this structure.  

Raster structures, especially square grid cells, are pieced together to represent an 

entire area. Raster data structure may seem to be rather undesirable because of the 

lack of absolute locational information. Raster data structures have numerous 

advantages over other structures. Notably, they are relatively easy to conceptualise as 

a method of representing space. Remotely sensed data acquired by a sensor is  one of 

the well known example of raster data representation. In fact, the relationship 

between the pixel used in remote sensing and the grid cell used in GIS allows data 

from satellites to be readily incorporated into raster-based GIS without any changes. 

A characteristic feature of grid-based systems is that many functions, especially 

those involving the analysis and modelling of surfaces and overlay operations, are 

simple to perform with this type of data structure. The major disadvantages of the 

raster data structure are a reduced spatial accuracy, decrease of the reliability of area 

and distance measures, and the need for large storage capacity associated with 

having to record every grid cell as a numerical value. 



  

 

 

 

 

 

 

 



 

Vector Data Representation 

The second method of representing geographic space, called vector, allows us to give 

specific spatial locations explicitly. In this method it is assumed that geographic 

space is continuous, rather than being quantised as small discrete grids. This 

perspective is acquired by associating points as a single set of coordinates (X and Y) 

in coordinate system ,lines as connected sequences of coordinate pairs of points, and 

areas as sequences of interconnected lines whose first and last coordinate points are 

the same (Fig. 8.5). Anything that has a single (X, Y) coordinate pair not physically 

connected to any other coordinate pair is a point (zero-dimensional) entity. 

 

 

A vector spatial data model uses two-dimensional Cartesian (x, y) coordinate system 

to store the shape of a spatial entity. In the vector world the point is the basic  

building block from which all spatial entities are constructed. The simplest spatial  

entity, the point, is represented by a single (x, y) coordinate pair. Line and area 

entities are constructed by connecting a series of points into chains and polygons.  



  

 

 

 

Fig. 8.4 shows how the vector model has been used to represent various features. The 

more complex the shape of a line or area feature, the greater the number of points 

required to represent it. Selecting the appropriate number of points to construct an 

entity is one of the major problems in vector based GIS data representation. In the 

vector data model, the representation of networks and surfaces is very complex and 

closely linked to the way the data are structured for computer encoding. The 

representation of the vector data is much more representative and generally, we 

combine the entity data with associated attribute data kept in a separate file through 

a database management system, and then link them together. It means that the entity 

data and corresponding attribute data in the form of tables can be stored and linked 

through a software linkage. 

In vector data structures, a line consists of two or more coordinate pairs, again 

storing the attributes for that line in a separate file. This is explained in the next 

section under vector models. For straight lines, two coordinate pairs are enough to 

show location and orientation in space. More complex lines will require a number of 

line segments, each beginning and ending with a coordinate pair. For complex lines, 

the number of line segments must be increased to accommodate the many changes in 

angles. The shorter the line segments, the more exactly will they represent the 

complex line. Thus we see that although vector data structures are more 

representative of the locations of objects in space, they are not exact but are still an 

abstraction of geographic space. 

 

 

 

 

 

 

 

 

 

 



 

UNIT IV 

SPACIAL DATA ANALYSIS 

Different Types Of Spatial Data Analysis Can Be Performed By Gis, Viz. 

Performing Queries, Proximity Analysis, Network Analysis, Overlay Operations, 

and Model Building Etc. Since Gis Stores Both Spatial And Non Spatial Data And 

Links Them Together, It Can  

For Example By Joining The Spatial Data And Its Attributes. And Then By 

Performing Queries, One Can See On Map, The Water Of Which Tube Wells 

Having Chlorine Content More Than 200 Mg/Litre. Likewise One Can See On 

Map). The Roads Constructed Before 1980 Which Need To Be Repaired. In The 

Same Way, Which Area Of A Given Forest Having More Than 60 Per Cent Tree 

Density, Can Be Shown On The Map (By Joining Map Of The Forest Shown In 

Figure 6 And Its Attribute Table Given In Table 3  

Proximity Analysis  

Can Be Done Through Buffering, I.E. Identifying A Zone Of Interest Around 

A Point, Line Or Polygon. For Example, 10 M. Around On Tube Well Can Be 

Marked For Planting Flower Plants; Or 50 M. Along National Highways (Both 

Sides) Can Be Buffered For Planting Trees. A Specified Distance Around The Forest 

Can Be Buffered As No Habitation Zone.  

Network Analysis  

Is Another Important Analysis Done Through Gis. For Example Optimum Bus 

Routing Can Be Determined By Examining All The Field Or Attribute Data (Given 

In Table 2) Linked To Road Map / Spatial Data.  

Overlay Operation  

Can Be Done Through Gis By Overlaying / Integrating A Number Of 

Thematic Maps. Overlay Operation Allows Creation Of A New Layer Of Spatial 

Data By Integrating The Data From Different Layers. For Example, A Particular 

Land Use Class Having Saline Soils, Slope Less Than 20%, Drainage Density Less 



  

 

 

 

Than 10 M. Per Squre Km. Can Be Created From Four Different Thematic Maps, 

Viz. Land Use Map, Soil Map, Topographic Map And Water Resource Map. 

Model  Building  Capability Of Gis  Is Very Helpful For Decision Makers.  It  Is 

Usually Referred To As 'What If' Analysis. For Example, If A Certain Amount Of 

Water Is Released 

INTEGERATED DATA ANALYSIS  

GIS model is the integrated data model which is more closely integrated with the 

database management system than in the hybrid system. The integrated data model 

approach is also described as the spatial data base management system approach, 

with the GIS serving as the query processor sitting on top of the database itself. The 

integrated data model has a number of implications in terms of the special 

characteristics of spatial data. From the data base viewpoint, it is possible to store 

both the coordinates and the topological information required to characterise digital 

cartographic elements using a design based on Codd's Normal Forms. (x, y) 

coordinate pairs for individual vertices along line segments are stored as  different 

rows in a data base table. To achieve satisfactory retrieval performance it has been 

found necessary to store coordinate strings in long or 'bulk data' columns in tables. 

Handling of large spatial databases is the need to convert 2-D coordinate information 

into 1-D spatial keys that can be stored as data base table columns. These can then be 

indexed in the normal way and used for fast retrieval of map elements contained 

within or overlapping a specified geographical search area. 

  

There are two ways of storing coordinate information as relational tables. The first 

records individual (x, y) coordinate pairs and polygon terminator and vertices as 

individual atomic elements or a row in a database. It is very difficult to search any 

element because each element must be recomposed from its atomic format to grate 

whole polygons or groups of polygons. The integrated GIS with which it can be 

understood how a single database can be configured to certain separate files for 

entities and attributes.GIS purpose are based on entities, attributes, and the  



relationship between entities and attributes with respect to the locations, temporal 

changes and both location and time. In the following sections, an attempt is made to 

provide a preliminary study for creating object based data models on the basis of 

entity-attribute relationships, location based representations of spatio-temporal data, 

and time based representations of spatio-temporal data and a combined approach of 

representing spatio-temporal data. 

INTEGERATED DATA ANALYSIS 

  

GIS model is the integrated data model which is more closely integrated with the 

database management system than in the hybrid system. The integrated data model 

approach is also described as the spatial data base management system approach, 

with the GIS serving as the query processor sitting on top of the database itself. The 

integrated data model has a number of implications in terms of the special 

characteristics of spatial data. From the data base viewpoint, it is possible to store 

both the coordinates and the topological information required to characterise digital 

cartographic elements using a design based on Codd's Normal Forms. (x, y) 

coordinate pairs for individual vertices along line segments are stored as  different 

rows in a data base table. To achieve satisfactory retrieval performance it has been 

found necessary to store coordinate strings in long or 'bulk data' columns in tables. 

Handling of large spatial databases is the need to convert 2-D coordinate information 

into 1-D spatial keys that can be stored as data base table columns. These can then be 

indexed in the normal way and used for fast retrieval of map elements contained 

within or overlapping a specified geographical search area. 

  

There are two ways of storing coordinate information as relational tables. The 

first records individual (x, y) coordinate pairs and polygon terminator and vertices as 

individual atomic elements or a row in a database. It is very difficult to search any 

element because each element must be recomposed from its atomic format to grate 

whole polygons or groups of polygons. The integrated GIS with which it can be 

understood how a single database can be configured to certain separate files for 



  

 

 

 

entities and attributes.GIS purpose are based on entities, attributes, and the 

relationship between entities and attributes with respect to the locations, temporal 

changes and both location and time. In the following sections, an attempt is made to 

provide a preliminary study for creating object based data models on the basis of 

entity-attribute relationships, location based representations of spatio-temporal data, 

and time based representations of spatio-temporal data and a combined approach of 

representing spatio-temporal data. 

DATA INPUT BY DIGITIZATION SCANNING 

  

The data to be input for GIS are typically acquired in a diverse variety of 

forms.Some data come in graphic and tabular forms. These would include maps and 

photographs, records from site visits by specialists, related to non-spatial information 

from both printed and digital files (including descriptive information about the 

spatial data, such as date of compilation, and observational criteria). Other data come 

in digital form. These would include digital spatial data such as computer records of 

demographic or land ownership data, magnetic tapes containing information about 

topography and remotely sensed imagery. The data to be input for GIS are of 

different forms. These include key board entry or key coding, digitising, scanning 

and digital data. The process of data encoding and editing is often called as data 

stream. 

 



 

DATA INPUT METHODS 

  

Before explaining the input methods, it is necessary to make a distinction 

between analogue (non-digital) and digital sources of spatial data. Analogue data are 

normally in paper form and include paper maps, tables of statistics and hardcopy 

aerial photographs. All these forms of data need to be converted to digital form 

before use in a GIS. Digital data like remote sensing data are already in compute-

readable formats and are supplied on diskette, magnetic tape or CD-ROM or across a 

computer network. All data in analogue form need to be converted to digital form 

before they can be input into GIS. There are four methods of data input which are 

widely used: keyboard entry, manual digitising, automatic digitisation, and scanning. 

Digital data must be downloaded from their source media and may require 

reformatting to convert them to an appropriate format for the GIS being used. 

Reformatting or conversionmay also be required after analogue data have been 

converted to digital form. For example, after scanning a paper map, the file produced 

by the scanning equipment may not be compatible with the GIS, so it needs 

reformatting. For both the analogue anrJ digital data, keyboard entry method, manual 

digitising and automatic digitizing and scanning methods are very important as 

detailed below. 

  

 MANUAL DIGITISING  

Manual digitising is the most common method of encoding spatial features 

frompaper maps. It is a process of converting the spatial features on a map into a 

digital format. Point, line, and area features that form a map, are converted into (x, y) 

coordinates. A point is represented by a single coordinate, a line by a string of 

coordinates, and, when one or more lines are combined with a label point inside an 

outline, then an area (polygon) is identified. Thus digitising is the process of 

capturing a series of points and lines. Points are used for two different purposes: to 

represent point features or to identify the presence of a polygon. Manual digitising 



  

 

 

 

requires a table digitiser that is linked to a computer work station (Fig 10.2). To 

achieve good results, the following steps are necessary. Before, discussing these 

steps, the description of digitisers is provided for the beginners in this field of 

technology. Digitisers are the most common device for extracting spatial information 

from maps and photographs. The position of an indicator as it is moved over the 

surface of the digitizing tablet is detected by the computer and interpreted as pairs of 

x, y coordinates. The indicator may be a pen-like stylus or a cursor. Frequently, there 

are control buttons on the cursor which permit control of the system without having 

to turn attention from the digitising tablet to a computer terminal. The current most 

popular digitiser is contemporary tablets using a gird of wires embedded in the tablet 

to a generate magnetic field which is detected by the cursor. The accuracy of such 

tables are typically better than 0.1 mm which is better than the accuracy with which 

the average operator can position the cursor. Sometimes the functions for 

transforming coordinates are built into the tablet and used to process data before it is 

sent to thehost. 

 

  

3 THE DIGITIZING OPERATION  

The map is affixed to a digitizing table. Three or more control points are to be 

identified and digitized for each map sheet. These points should be those that can be  

 



easily identified like intersections of major streets and prominent landmarks. 

The points are called reference points or tics or control points. 

  

The coordinates of these control points will be known in the coordinate system to be 

used in the final data, such as, latitude and longitude. The control points are used by 

the system to calculate the necessary mathematical transformations to convert all 

coordinates to the final system. The more the control points, the better the accuracy 

of digitisation. Digitising the map contents can be done in two different modes: point 

mode and stream mode. Point mode is the mode in which the operator identifies the 

points to be captured explicitly by pressing a button, and stream mode is the mode 

in which points are captured at set time intervals, typically 10 per second, or on 

movement of the cursor by filed distance. Most digitizing is currently done in point 

mode.  

Problems with Digitising Maps  

The problems that come during the process of converting the maps into digital mode 

through the process of digitisation vary from one CAD operator to another. It 

depends upon the experience and skill of the operator and density of points, lines and 

polygons of the map. The accuracy of the output of the digitisation also depends 

upon the selection and distribution of the control points. Some of the commonly 

occurred problems during the digitisation of any paper map are as follows: 

(i)                Paper maps are unstable; each time the map is removed from the 

digitising table, the reference points must be re-entered when the map is 

affixed to the table again.  

(ii)   If the map has stretched or shrunk in the interim, the newly digitised points will 

be slightly off in their location when compared to previously digitised points.  

(iii) Errors occur on these maps, and these errors are entered into the GIS data base 

as well.  

(iv) The level of error in the GIS database is directly related to the error level of the 

source maps.  

(v)Maps are meant to display information, and do not always accurately record 

vocational information.  



  

 

 

 

A digital image of the map is produced by moving an electronic detector 

acrossthe map surface. The size of the map area viewed by the detector and scanning 

should be processed or edited to improve the quality and convert the raster to vector 

after online digitisation. The accuracy of the scanned output data depends on the 

quality of the scanner, the quality of the software used to process the scanned data, 

and the quality of the source document. A very important feature that a GIS user 

should observe after scanning the paper map is the occurrence of splines, which is 

black appearance on the scanned output. This can be removed by using a process 

called thinning.  

The resolution of the scanner used affects the quality and quantity of 

outputdata. The cheaper flat-bed scanners have resolutions of 200-500 mm whereas 

the more expensive drum scanners use resolutions of 10-50 mm. The higher the 

resolution, the larger the volume of the data produced. 

  

Scanning and Automatic Digitising 

 Scanning is the most commonly used method of automatic digitising. Scanning is an 

appropriate method of data encoding when raster data are required, since this is the 

automatic output format from most scanning software. Thus scanning may be used as 

a background raster dataset for the over-plotting of vector infrastructure data, such 

as, pipelines and cables. 

 A scanner is a piece of hardware Fig for converting an analogue source document to 

a digital raster format (Jackson Woodsford, 1997). There are two types of scanners, 

(i) Flatbed scanner and (ii) rotating drum scanners. The cheapest scanners are small 

flatbed scanners, and high quality and large format scanners are rotating drum 

scanners in which the sensor moves along the axis of rotatio 



 

So far, we have examined the fundamental considerations and , various 

components of GIS. The entities associated with them, a set of coordinates that allow 

to locate, the positions and the corresponding descriptions of each location, can be 

called attribute value. All these spatial features or entities, contain information not 

only about how they occupy space but also about what they are and how important 

they are. The additional nonspatial information that helps us to describe the objects 

we observe in space comprises the feature's attributes. The character of attribute data 

themselves can influence the utility of data sets in GIS analysis. One characteristic 

which is of considerable importance is the scale of measurement used to record and 

report the data. There is already a well-established measurement frame work for 

nearly all forms of data including geographic data. These are called levels of 

geographic data measurement (Fig . 7.10). 

 

NETWORK ANALYSIS 



  

 

 

 

Network modeling in general A network model can be defined as a line graph, which 

is composed of links representing linear channels of flow and nodes representing 

their connections (Lupien et al.,1987). In other words, a network takes the form of 

edges (or arcs) connecting pairs of nodes (or vertices). Nodes can be junctions and 

edges can be segments of a road or a pipeline. For a network to function as a real-

world model, an edge will have to be associated with a direction and with a measure 

of impedance, determining the resistance or travel cost along the network. 

 

Since networks utilize the basic arc-node structure, by definition, due to the way the 

data is stored, the vector network will already have a topological structure, relating 

all elements. All that is needed, simply speaking, is to implement the resistance 

factors in the attribute tables for the lines or nodes. Directions are an explicit part of 

the vector network topology. If the directions are derived from digitising a road map, 

or received as a ready coded network form a data supplier, they may not correspond 

with the real-world directions and need to be checked. Consequently, the 

representation of network elements requires substantial amount of time to be devoted 

to data preparation and validation. This can be quite complex, depending on the 

amount of travel cost information we want to incorporate in the model: road width, 

speed limit, road class, delay at traffic lights, delays in taking turns at crossroads, to 

mention just a few. For a “simple” crossroads with four edges and one node there are 

as many as 16 possible turns, three directions from each edge to other edges, plus 

four 180-degree U-turns. In a mixed rural/urban road network in an average 

Norwegian municipality, with 7000 edges and nodes, there can be as many as 18000 

turn possibilities (Husdal, 1998). Arcs usually describe the centreline of a network 

feature, such as a road centreline. Arcs and nodes are discretely referenced by 

coordinates. Alsolines that cross, but not intersect, can be directly implemented in 

the vector model, much like in the real world, where we have “overpasses” and 

“underpasses”. Network modeling in vector GIS Arcs and nodes, together with the 

special-purpose network elements stops, centers and turns, form the network model 

in vector GIS. Stops can be delivery or pick-up points along a route, centers are used 



for allocating services and investigating catchment areas, turns arte used in 

determining direction and flow within the network. The characteristics of any system 

being modeled in a network must be abstracted into a form that may be represented 

by one of these elements. Path finding in vector GIS Dolan et al (1993), Chou (1993) 

and Jones (1998) have described the process of finding a criteria-determined path 

through a network in great detail. Path finding algorithms fall into one of two main 

categories, matrix algorithms and tree-building algorithms, of which the latter one is 

the one mostly used in GIS. Matrix algorithms find the shortest distance between all 

pairs of nodes in iterative steps, eliminating the least favorable nodes, as seen in 

Chou (1993). This is based on that it is possible to represent the network as a matrix. 

Tree-building algorithms find the shortest path from an origin node to all other 

nodes, producing a tree of shortest paths with branches emanating from the origin. 

(Lombard et al., 1993). The most commonly used tree-building procedure is that 

originally developed by Dijkstra (1959), of which to date many modifications and 

improvements have been made for specific applications. In order to find a path, the 

algorithm will build a tree data structure that represents specific paths through the 

network. This is often referred to as a breadth-first search, that fans out to as many 

nodes as possible before penetrating deeper into the tree (Dolan, 1993). Starting from 

one origin node, the search tree builds branches in all directions, adds up the 

resistance figures, and keeps only those that represent the cumulative least cost. For 

each new set of adjacent nodes the calculations for all possible edges towards these 

nodes are repeated till all nodes and edges have been utilized, and the final 

destination is reached with minimal cost. During the process, edges may appear in 

the search tree and then disappear as the calculations discard their value. Network 

modeling in raster GIS Locations defined as nodes in a network, made up by grid 

lines. Raster network modeling takes a completely different approach to the 

topological linked vector model. First, the grid cells only approximate the exact 

shapes of the lines in the network. Secondly, direction is not explicitly given as in the 

vector model. Thirdly, the line and node attributes must be stored as a separate layer 

for each attribute. As a result, a network using a raster model normally consists of a 

vast number of layers. Even if it does not appear so explicitly, a grid is in fact a 



  

 

 

 

graph representing a network, with 8 possible directions from each node. Since the 

grid has a given resolution, the cells will only approximate the exact shapes of the 

network. Path finding in raster GIS The pathfinding algorithm in raster is similar to 

the algorithm in vector grid. In order to find a least-cost path one must first derive an 

accumulated cost surface, associated with cost or impedance of crossing the surface 

from cell to cell. To derive the cost surface one would have to interlace and combine 

the various grids describing various attributes. Fairly complex, but given the map 

algebra inherent in raster GIS, the computation itself is then straightforward. In terms 

of map algebra, Tomlin (1990) describes the the process of moving from origin to 

destination as a “spreading” function, using waves and refraction as analogy, an 

approach that is also supported by Douglas (1994). Note to my readers: This course 

paper is what eventually led me to my thesis for my MSc in GIS, where I used raster 

GIS for network analysis, using the software mentioned below. Read more here: 

Making a straight line square. You may also be interested in reading a historical 

summary of various approaches to delineating a corridor on a surface: Corridor 

analysis- A timeline of evolutional development. Practically speaking, a raster GIS 

software (e.g. MFworks) will compute the least path as follows: The spread function 

employs the cost surface to calculate the cost of passing from the origin outward 

towards the destination and assigns the accumulated value to each cell that is passed. 

Then, the reverse is done, going from destination to origin. Adding the two 

accumulated together yields the least-cost path.  

 

Copyright (C) http://www.husdal.com/1999/10/11/network-analysis-raster-versus-vector-a-comparison-

study/ . 
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Vector Overlay Capabilities 

Vector GIS displays the locations or all objects stored using points and arcs. 

Attributes and entity types can be displayed by varying colours, line patterns and 

point symbols (Fig.12.13). Using vector GIS, one may display only a subset of the 

data. For example, one may select all political boundaries and highways, but only 

areas that had urban land uses. 

 

 

Relational query is an important concept in vector overlay analysis. Different 

systems use different ways of formulating queries. Structured Query language 

(SQl)Vis used by many systems. It provides a "standard" way in querying spatial 

data bases. Using relational queries, the user can select objects interested in 

producing map output using colours, symbols, text annotations and so on. Reclassify, 

dissolve, and merge operations are used frequently in working with area objects. 

They are used to aggregate areas based on attributes. Consider a soil map (Fig. 

12.14). We wish to produce a map of major soil types from a layer that has polygons 

based on much more finely defined classification scheme. To do this, we process the 

data using three steps: (i) Reclassify areas by a single attribute or some combination; 

for instance reclassify soil areas by soil type only (ii) Dissolve boundaries between 

areas of the same type by deleting the arc between two polygons if the relevant 

attributes are the same in both polygons, (iii) Merge polygons into large objects by 

recording the sequence of line segments that connect to form the boundary, that is, to 

rebuild topology and assign new 10 numbers to each new object 



  

 

 

 

 

Raster Overlay 

In the raster data structure everything is represented by gird cells. A point is 

represented by a single cell, a line by a string of cells and an area by a group of cells. 

Therefore the method of overlaying various thematic layers are different from vector 

overlay. Raster overlay can be performed by using map algebra or mathematics 

(Berry, 1993). Using map algebra input layers may be added, subtracted, multiplied 

or divided to produced an output value. This most important function in raster 

overlay, is basically an operation of entities like appropriate coding point, line and 

area features in the input data layers. 

To understand the concept of raster overlay and map algebra, consider a terrain 

which consists of four thematic layers, namely, well stations, the road network, 

theland use, and boundaries of waterbodies. Let the well stations be represented in a 

raster data layer for which the value '1' has been given. Similarly road netw,o rks are 

coded '2' in the road network layer, the land use patterns are coded '3' in the land use 

layers and '4' for the boundaries of water bodies. On all data layers '0' is the value 

given to cells that do not contain any information content. The raster overlay using 

map algebra is illustrated in Fig. 12.18. 



 

By using the concept of point-in-polygon, line-in-polygon and polygon-on polygon, 

the output integrated layers with the various combinations of these raster data layers 

can be produced by the method of map algebra. The algebraic manipulation of 

images in raster GIS is a powerful and flexible way of combining, integrating, and 

organising the data analysis models. Equations can be developed with variables to 

allow the creation of spatial models. Two issues are specifically considered in 

performing raster overlay; resolution and scales/levels of measurement. These two 

parameters of digital data effect the results of raster over lay modelling. 

Consideration of these two issues are very much useful in reducing the degree of 

uncertainty and improving the accuracy and precision of GIS data analysis. 

 

 

 

 

UNIT V 



  

 

 

 

RS AND GIS APPILICATIONS GENERAL 

The adiministrators of city or a town adopt two approaches to evaluate the urban 

places and the impact of unrbanisation. The first approach undertakes the study of 

size, function, growth rate, and tributary area of cities in the general fabric of 

settlements. The second approach deals with the internal structure of cities and the 

related factors, which control the layout and buildings, the character and intensity of 

land use, the movement of persons and goods between various functional areas.The 

land use planning is a part of larger process of city planning. It is basically concerned 

with location, intensity, and amount of land development required fromvarious space 

using functions of city life, such as, industry, wholesaling business, housing, 

recreation, education, and religious and cultural activities of the people. The study of 

urban land use and its planning is of considerable significance in the overall planning 

of urban places like Hyderabad city. Decline and decay of our cities calls for all 

policy makers, administrators and politicians to stop destructive forces of the urban 

development and to forge alliancesamong all local and national forces which are 

concerned with the social, political, economic, ecological, physical and cultural 

development of our cities and towns. 

Despite the claims that developments in communications imply that the cities are 

going to lose their function and will change dramatically, it cannot be predicted that 

the new paradigm of the 'information city' will only represent another device of those 

who do not have access to information technology. Today nearly half of the world's 

population lives in cities. In developing countries people are deserting rural areas 

while population is rising rapidly. In less than 20 years from now, these two factors 

will combine to drive over two billion people into urban areas, which in some cases 

are already overcrowded. Most urban growth falls outside formal planning controls, 

thus increasing economic and social pressures and health and hygiene problems.  

 

"Urban growth and rural depopulation are going to be the main issues of this 

millennium and their impact will be felt in many areas, like water resource 



management. To resolve this problem, we must identify and distinguish zones that 

can or cannot prevent urban densification. 

The Indicator Function of Urban Land Uses 

There is a casually quoted statistic that roughly half of all GIS implementations fail. 

Most failures are related to institutional issues, resistance to change, lack of political 

support, insufficient funding, and the fact that GIS innovation results in a radical 

change in information flow within an organization. The spatial information 

component of a project needs to be an integral part of overall project design from the 

beginning. Insertion of a GIS can be well executed and products generated will be 

effectively used. The user needs assessment, training, data collection, pilot project, 

and a complete project success. An awareness of spatial data products and analysis 

capabilities typically needs to be cultivated in end-users e_arly-on, in order for these 

products to be used to their fullest. The user needs assessment is a vital component 

of GIS implementation within a municipality. Thoroughly exploring po~ential data 

sources, integrating the GIS with more traditional information management within 

the municipality, and promoting an understanding of spatial information and analysis 

capabilities early-on are crucial to project success. It is also important to explore 

whether there have been previous GIS  initiatives within a city, and whether there are 

any project remnants (equipment, trained staff, or digital data sets) which can be 

utilised. 

Rapid Land-Use Assessment 

A streamlined approach to land use classification called the Rapid Land use 

Assessment (RLA) methodology assesses and quantifies land use through a 

combination of satellite imagery, local field knowledge/expertise and resources, and 

simple GIS techniques. High resolution data is valuable for identifying property 

locations. This can be explained in the following case. In Honduras the RLA 

methodology allowed the municipality of San Pedro Sula to determine and quantify 

by area 18 categories of land use for a 900 square kilometer area in three weeks 

using SPOT 10 meter sa ellite data and local staff. 

 



  

 

 

 

 mage maps of the satellite data were processed in the US and taken to Honduras to 

be used as black and white ortho maps for interpretation. Utilising simple aerial 

photographic techniques, field surveys, and local knowledge of the area, the land use 

database was constructed. Once the data had been interpreted it was then transferred 

digitally by trained local municipal staff into a simple; PC-based GIS. This resulted 

in an accurate and up-tO-date land use classification for the municipality. Road 

networks and surface hydrology data layers can serve as a base for development of a 

rich database for environmental and land use planning. 

Dynamic Urban Land-Use 

Dynamic urban land use locates itself in an urban context according to a direct 

relation to its area of function and potency of its functionality. The spatial 

localisation of these land uses are usually the central areas of their functionality 

boundaries. The periodical investigation of dynamic land use locations has proved 

that any change in their zone of function or their potency of functionality has 

contiguously affected their localisation in urban context. In a gradient manner due to 

the extent of functionality area, mainly the commercial, private office building and 

some governmental or public land uses could be categorised as dynamic. 

Semi-Dynamic Land-Use 

The semi-dynamic land use locates itself in an urban context with an acceptable 

relation to its zone of utility. The potencies of functionality of semi-dynamic land 

uses are regularly determined due to governmental or some public interventions. The 

spatial localisations are usually in a range of their zone of utility but are far from the 

central areas of dynamic land use area of functionalities. Public schools, general 

hospitals and other similar public or private services are usually categorised as semi-

dynamic. 

Passive Land-Use 

Passive land uses have a poor potency of localisation due to their area of function. 

These usually are the quasi-public utilities which are not supported by any specific 

regulations or due to restrictions, the private sector is not interested.  

 



 

Cultural,entertainment or recreational centres are among the main passive land uses. 

In urban land use planning procedure this sorting gives the planner the criteria to 

intervene to support the appropriate land use redistribution. Its usefulness rests on its 

approach in giving the planner, the basic pattern of information required to aid in 

solving the many varied and complex problems of our cities. Also, the material 

which is comprehensive in scope, will be highly valuable to other disciplines related 

to urban planning. 

Dynamic, semi-dynamic, and passive land uses are viewed as a group. These  three 

modes of processes offer a means of understanding the ongoing aspects of the 

patterning of the city. A land use table is produced by interactively contemplating 

these modes in relation to land use functional categories, and jurisdictional 

considerations as well. This table which mainly deals with space requirement, also 

indicates where and in which parts of categorised land uses special consideration or 

planning type interventions are needed. 

The land use table referred to earlier is also extended for hierarchical urban  

divisions. For each division a specific land use table is assembled containing the land 

uses with a similar area of function. These tables indicate how to deal with every 

category of land use by divisions (classified functional areas). Describing the present 

situation of land use distribution in each stage of urban hierarchical division is also 

possible by using these tables.  

Land use/Land cover System in India 

The land use/land cover system adopted by almost all concerned organisations and 

scientists, engineers and remote sensing community who are involved in mapping of 

earth surface features, is a system derived from the United States Geological Survey 

(USGS) land use/land cover classification system. This system was designed on the 

basis of the following criteria (Lillesand and Kiefer 1999) : (i) the minimum level of 

interpretation accuracy using remotely sensed data should be at least 85 percent, (ii) 

the accuracy of interpretation for the several categories should be about equal,  

 

 



  

 

 

 

(iii) repeatable results should be obtainable from one interpreter to another and from 

one time of sensing to another, (iv) the classification system should be applicable 

over extensive areas, (v) the categorization should permit land use to be inferred 

from the land cover types, (vi) the classification system should be suitable for use  

with remote sensor data obtained at different times of the year, (vii) categories 

should be divisible into more detailed subcategories that can be obtained from large-

scale imagery or ground surveys, (viii) aggregation of categories must be 

possible,(ix) comparison with future land use and land cover data should be possible, 

and (x) multiple uses of land should be recognised when possible.Agriculture In the 

study area, less than 2% of double crop area observed in Galivari gudem, 

Bichrajpalli, Gundipudi, Buranapuram and the maximum double crop area observed 

in Yellampet (12%) and Maripeda (10%). Less than 2% of single crop area observed 

in Bichurajpalli, Gundipudi and Abbaipalem and maximum of 15% area single crop 

area observed in Maripeda(15%),and Jayyaram (10%). And more than 27% area of 

fallow land area is in Gudur and Nilkurthi; Giripuram and Viraram with 0% area. 

 



 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT VI 

APPILICATIONS OF HYDROLOGY, WATER 

RESOURCES AND DISASTER MANAGEMENT 

FLOOD MANAGEMENT 

 Structural and non-structural measures The huge losses sustained from floods 

throughout the World have stimulated actions to deal with flood problem as a 

priority issue. Both structural and nonstructural measures have been undertaken to 

tackle the problem It was initially believed that the way to reduce flood damages was 

to manage the rivers through structural measures and moderate the floods. Structural 

measures, as the name implies, are those which involve construction of structures 

like dams, embankments, drainage channels, etc. However, after spending large 

amounts of money on flood management works, it was realized that this approach 

did not work very well. The reason is simple to understand. Anyone living near a 

river knows that it can flood and he is careful as to how much of his resources he 

should keep close to the river. But, when a dam or an embankment is built, he thinks 

that the river is now fully controlled. He, thus, becomes comparatively more 

complacent and builds his property even closer to the river. When a flood occurs 

which the structure cannot contain, this individual suffers more damage than what he 

would have suffered had the structure not been built in the first place. Besides, there 

are various difficulties in the construction of flood management structures (like 

financial constraints etc ). due to which it is not possible to protect all flood prone 

areas from floods of all magnitudes.It was thus, learnt that we should not try to 

mitigate flood damages by only keeping the water away from the people. This also 

made the people realise the important of flood plains. Flood plain is the land 

adjoining the river which it occupies during floods. It may be dry for most part of the 

year and we may use it. But, we should always keep in mind that this land area 

belongs to the river and not to us. We should use the flood plain judiciously and also 

be prepared to vacate it whenever the river needs it. The study and use of Flood plain 



  

 

 

 

in this manner is called ‘ flood plain management’ and the reduction of flood damage 

in this way is called the ‘non-structural’ approach. 

Structural Measures 

 Structural measures are those which involve the construction of engineering works 

such as reservoirs, embankments, drainage channels, etc. 

Non-structural measures 

As indicated earlier, an increasing stress is now being laid on the nonstructural 

measures. The important non-structural measures are, therefore, described here. 

 

Flood Plain Management  

The best thing would no not to occupy the flood plains at all. However, this is not 

possible due to the ever growing population and the consequent demands of land for 

habitation. Another important thing to remember is that at any many places in the 

world and particularly in Asia, the population is dependent on the large fertile plains 

adjoining the rivers to grow food and fibre. It is the regular inundation of these areas 

by sediment laden flood waters which makes them fertile. Thus, floods are both a 

blessing and a curse. Even if it were possible to prevent all floods, it would result in 

the elimination of both the curse and the blessings. Proper flood plain management 

helps in reducing the curse while retaining the blessing. 

 

Flood Plain Zoning 

 Flood plain zoning is the process of classification of areas liable to floods of 

different frequencies in the vicinity of a river. These areas are then 

marked/demarcated on large scale maps along with close contour intervals and 

displayed at public places for wide publicity. Very little work in this field has been 

done in India while this requires greater attention in our country because of its high 

population density. 

 

 

 



 

REMOTE SENSING AND GIS APPLICATIONS IN FLOOD 

MANAGEMENT  

Advancements in the remote sensing technology and the Geographic Information 

Systems (GIS) help in real time monitoring, early warning and quick damage 

assessment of flood disasters. A Geographic Information System is a tool that can 

assist floodplain managers in identifying flood prone areas in their community. With 

a GIS, geographical information is stored in a database that can be queried and 

graphically displayed for analysis. By overlaying or intersecting different 

geographical layers, flood prone areas can be identified and targeted for mitigation or 

stricter floodplain management practices. Remote Sensing can be very effective for 

flood management in the following way: 

• Detailed mapping that is required for the production of hazard assessment maps and 

for input to various types of hydrological models.  

• Developing a larger scale view of the general flood situation within a river basin 

with the aim of identifying areas at greatest risk and in the need of immediate 

assistance. Remote sensing and GIS technique has successfully established its 

application in following areas of flood management such as flood inundation 

mapping, flood plain zoning and river morphological studies. 

 

 FLOOD INUNDATION MAPPING 

 Flood mapping during the flooding and flood plain mapping after the flood recedes 

is essential. One of the important information required is the nature and extent of the 

damage caused by floods in the flood prone areas. Satellite remote sensing provides 

synoptic view of the flood-affected areas at frequent intervals for assessing the 

progression and recession of the flood inundation in short span of time which can be 

used for planning and organizing the relief operations effectively. Remote sensing 

can effectively be used for mapping the flood-damaged areas. For mapping purposes, 

a pre-flood scene and a peak. 

 

 



  

 

 

 

 

 

Flood image would be compared to delineate the inundated area. Flood inundation 

maps can be used: 

 • To define spatial extent of flood inundation. 

 • To identify the worst flood affected areas. 

 • To evaluate impact of flooding on environmental concerns, such as, coastlines, 

forests, open space etc. 

 • To plan relief operation. 

 • To assess damage. 

Application of Remote Sensing and GIS in Groundwater Studies Modern 

technologies such as remote sensing and geographic information systems (GIS) have 

proved to be useful for studying geological, structural and geomorphological 

conditions together with conventional surveys. Integration of the two technologies 

has proven to be an efficient tool in groundwater studies (Krishnamurthy et al., 1996; 

Sander 1997; Saraf and Choudhury, 1998). Satellite images are increasingly used in 

ground water exploration because of their utility in identifying various ground 

features, which may serve as either direct or indirect indicators of presence of 

groundwater (Bahuguna et al., 2003 and Das et al., 1997). The Geographic 

Information System (GIS) has emerged as a powerful tool in analysing and 

quantifying such multivariate aspects of groundwater occurrence. It is very helpful in 

delineation of groundwater prospect and deficit zones (Carver, 1991). Lithology, 

lineament, landform, slope, vegetation, groundwater recharge and discharge are 

common features used for many groundwater resource assessments in hard rock 

areas. Remote sensing data provide accurate spatial information and are 

cost‐effective compared with conventional methods of hydrogeological surveys. 

Digital enhancement of satellite data improves maximum extraction of information 

useful for groundwater studies. GIS techniques facilitate integration and analysis of  

 

 



large volumes of data, whereas field studies help to further validate results. 

Integrating all these approaches offers a better understanding of features controlling 

groundwater occurrence in hard rock aquifers. Groundwater is by definition 

subterranean. Though aerial photographs and satellite imagery contain information 

about the uppermost layer of the earth’s crust only, various studies have shown how 

remotely sensed data can contribute to hydrogeological investigations (Waters 1989; 

Krishnamurthy et al., 1996; Lloyd 1999 and Jackson, 2002). A few studies have 

attempted to establish relationships between remotely sensed data and data related to 

groundwater in hard rocks. In certain cases, the imagery proved to contain features 

which have a direct link to groundwater discharges (Kresic, 1994). In hard rock 

terrain where water is restricted to secondary porosity and thus to weathered zones, 

fractures and solution openings, the evaluation of the hydrogeological significance of 

remotely sensed lineaments (linear features identified as long, narrow, and relatively 

straight tonal alignments on aerial photographs or on satellites images) attracted 

immediate attention and has continued to do so (Knapp et al., 1994; Sander et al., 

1996, 1997; Edet et al., 1998 and Tam et al., 2004). An interesting method of 

statistical evaluation of lineaments significance in groundwater exploration has been 

described by Waters (1989). 

Remote Sensing and Geographic Information System has become one of the leading 

tools in the field of hydrogeological science, which helps in assessing, monitoring 

and conserving groundwater resources. It allows manipulation and analysis of 

individual layer of spatial data. It is used for analysing and modelling the 

interrelationship between the layers. Remote sensing technique provides an 

advantage of having access to large coverage, even in inaccessible areas. It is a rapid 

and cost‐effective tool in producing valuable data on geology, geomorphology, 

lineaments, slope, etc., that helps in deciphering groundwater potential zone. A 

systematic integration of these data with follow up of hydrogeological investigation 

provides rapid and cost‐effective delineation of groundwater potential zones. 

Although it has been possible to integrate these data visually and delineate 

groundwater potential zones, it becomes time consuming, difficult and introduces 

manual error. In the recent years digital technique is used to integrate various data to 



  

 

 

 

delineate not only groundwater potential zones but also solve other problems related 

to groundwater. These various data are prepared in the form of thematic maps using 

geographical information system (GIS) software tool. These thematic maps are then 

integrated using ‘‘Spatial Analyst’’ tool. The ‘‘Spatial Analyst’’ tool with 

mathematical and Boolyan operators is then used to develop models depending on    

the objectives of the problem at hand, such as delineation of groundwater potential 

zones. In the recent years many workers such as Teeuw (1995), Shahid and Nath 

(1999), Goyal et al., (1999), Saraf and Choudhary (1998) have used approach of 

remote sensing and GIS for ground water exploration and identification of artificial 

recharge sites. Jaiswal et al., (2003) have used GIS technique for generation of 

groundwater prospect zones towards rural development. Krishnamurthy et al., 

(1996); Murthy (2000); Obi Reddy et al., (2000); Pratap et al., (2000); Singh, 

Prakash (2002) and Lokesh and G.S. Gopalakrishna (2005), have used GIS to 

delineate groundwater potential zone. Srinivasa Rao and Jugran (2003) have applied 

GIS for processing and interpretation of groundwater quality data.   

Hydrogeomorphology of the study area Automatic classification of 

geomorphological land units mainly focuses on morphometric parameters (Giles and 

Franklin, 1998; Miliaresis, 2001; Bue and Stepinski, 2006), which can describe the 

form of a land surface in relation to landform formation processes (Jamieson et al., 

2004). Based on the satellite imageries of merged IRS of 1C and ID of LISS 

III  (2001) plus PAN data (2001)  and topographic maps, different hydrogeomorphic 

units of the study area have been mapped and are shown in the Fig. 5.1 The different 

hydrogeomorphic units have been classified as Linear Ridge (LR), Residual hills 

(RH), Inselberg (I), Pediment inselberg complex (PIC), Pediments (P), Shallow 

weathered pediplains (PPS), Moderately weathered pediplains (PPM) and Valley fills 

(V).  Based on Lillesand and Kiefer (2002), the standard visual interpretation 

methods have been adopted for this classification.  

 

 



The basic interpretation keys like specific tone, texture, size, shape and association 

have been used. In the False Colour Composite (FCC) of bands 2 3 4,  denudational 

hills and residual hills exhibit dark green colour, inselberg and pediment inselberg 

complex show dark green to grey, pediments exhibit grey to medium grey, shallow 

weathered pediplains show light green and moderately weathered pediplains and 

valley fills show light red to dark red colours. 5.5.1 Residual hills These hills are 

formed as a result of complex erosional processes predominantly by erosion, circum 

dedundation, weathering and mass wasting (Plate 5.2). The dip of strata controls the 

rate of denudation process in these structural hills (Sreedevi et al., 2004). Residual 

hills are the end products of the process of pediplanation, which reduces the original 

mountain masses into a series of scattered knolls standing on the pediplains 

(Thornbury, 1990). Residual hills (Fig. 5.1) as isolated hillocks with moderate steep 

to very steep slopes forming low relief formed due to differential erosion. The 

groundwater potential is very poor to poor and acts as runoff zone. 

Hydrogeomorphology of the study area Automatic classification of 

geomorphological land units mainly focuses on morphometric parameters (Giles and 

Franklin, 1998; Miliaresis, 2001; Bue and Stepinski, 2006), which can describe the 

form of a land surface in relation to landform formation processes (Jamieson et al., 

2004). Based on the satellite imageries of merged IRS of 1C and ID of LISS 

III  (2001) plus PAN data (2001)  and topographic maps, different hydrogeomorphic 

units of the study area have been mapped and are shown in the Fig. 5.1 The different 

hydrogeomorphic units have been classified as Linear Ridge (LR), Residual hills 

(RH), Inselberg (I), Pediment inselberg complex (PIC), Pediments (P), Shallow 

weathered pediplains (PPS), Moderately weathered pediplains (PPM) and Valley fills 

(V).  Based on Lillesand and Kiefer (2002), the standard visual interpretation 

methods have been adopted for this classification. The basic interpretation keys like 

specific tone, texture, size, shape and association have been used. In the False Colour 

Composite (FCC) of bands 2 3 4,  denudational hills and residual hills exhibit dark 

green colour, inselberg and pediment inselberg complex show dark green to grey, 

pediments exhibit grey to medium grey, shallow weathered pediplains show light 

green and moderately weathered pediplains and valley fills show light red to dark red 



  

 

 

 

colours. 5.5.1 Residual hills These hills are formed as a result of complex erosional 

processes predominantly by erosion, circum dedundation, weathering and mass 

wasting (Plate 5.2). The dip of strata controls the rate of denudation process in these 

structural hills (Sreedevi et al., 2004). Residual hills are the end products of the 

process of pediplanation, which reduces the original mountain masses into a series of 

scattered knolls standing on the pediplains (Thornbury, 1990). Residual hills (Fig. 

5.1) as isolated hillocks with moderate steep to very steep slopes forming low relief 

formed due to differential erosion. The groundwater potential is very poor to poor 

and acts as runoff zone.  

 

 

 

 



Interaction of electromagnetic radiation with earth surface features From the general 

discussion on the nature of interaction of electromagnetic energy with any surface, 

we turn on to the earth features as these would be useful in Water Resources 

Engineering. As observed from Figure 5, it is seen that a part of the electromagnetic 

energy reaches the earth’s surface, a part of it gets absorbed by the body, a part gets 

transmitted within the body, and a part gets reflected from the surface of the body. 

The proportion of energy that is reflected, absorbed and transmitted varies with the 

particular earth feature, like whether it is vegetation, water, urban landscape, etc. 

Besides, the proportion of energy is also dependent on the wavelength of the 

electromagnetic spectrum that is interacting with the surface. Thus, for a particular 

feature, the proportion of energy that is reflected, absorbed or transmitted varies with 

the wavelength that is interacting. This means that two different features may reflect 

equal proportion of energy in one wavelength range and may not be separately 

identified but for another wavelength range their difference reflectance may allow a 

sensor to distinguish between the two features. This variation in interaction of 

electromagnetic energy with any surface can be explained in the way we distinguish 

objects by separate colours. As we know, the wavelengths in the visible range of the 

spectrum strike all surfaces, but we observe different colours because each surface 

reflect only a particular wavelength and absorb the rest. 

Most of the sensors in remote sensing systems also operate in the wavelength regions 

in which the reflected energy predominates and thus the reflectance property of 

surfaces is very important. Of course, the sensors do not capture only the reflected 

energy in the visible range of wavelength but different sensors are designed to 

capture the reflected energy in other ranges of wavelengths as well. The reflectance 

characteristics of the different features of the earth surface may be quantified by 

measuring the portion of incident energy that is reflected by a surface. This reflected 

energy is measured as a function of the wavelength and is called Spectral 

Reflectance. Quantitatively this is defined as the ratio of the energy of the 

wavelength reflected from an object and the energy that is incident upon it. Spectral 

reflectance of any object usually varies according to the wavelength of the 

electromagnetic radiation that it is reflecting. A graph showing the spectral 



  

 

 

 

reflectance of an object for various wavelength is known as a Spectral Reflectance 

Curve (Figure 6). The pattern of a Spectral Reflectance Curve gives an insight into 

the spectral characteristics of the object. It also helps in selecting the wavelength 

bands which may be suitable for identifying the object. 

 

 

 

 



APPILICATIONS OF DISASTER MANAGEMENT 

Disasters are an uncertain and unavoidable event in nature, which affect adversely 

social, economic, environmental and humanitarian sectors. The main objective of the 

study is to identify a significant pattern of a certain disaster over time using Remote 

Sensing (RS) and Geographic Information System (GIS) applications to understand 

its nature which will help to solve complex planning and management problem and 

decision making. It will provide a starting point for researchers on a direction of 

strategy making to reduce the damage. Obtaining Multi-temporal spatial data from 

Electromagnetic Radiation (EMR) wavelengths and sensors, give a framework to 

pretend the nature of the disaster in GIS. Satellite covers a larger area than any other 

platform to analyze micro climate and damage detection in large scale natural 

disaster. 

Throughout the World in the recent past, whether it is a natural hazard or by the 

intervention of human activities, disasters have become an issue of rising alarm [11]. 

Natural disasters are intense events within our global system, which brings forth 

major changes in the environment over a short period of time. The outcome of which 

leads to injury or death of living organisms, smash up of expensive properties such 

as communication system, physical infrastructure and loss of natural wealth such as 

agricultural land, environment, forests, etc [14]. They have a profound impact on the 

socio-economic system of a Nation. Depending on the nature of the disaster, the 

impacts may be swift or slow as in case of earthquake and drought respectively [1]. 

According to the frequency and magnitude of occurrence, disaster may vary in their 

trigger, duration, scale and necessary actions. Natural disasters arise in many parts of 

the earth, and each type of disasters is confined to particular regions. It have been 

estimated that more than 95 percent of all deaths in developing countries were due to 

natural disasters. These places are particularly vulnerable to disasters because of 

densely packed population and poor infrastructures which gets coupled with 

unbalanced landforms and continuous exposure to severe weather changes. For the 

past four decades, disaster events such as floods, earthquakes, volcanic eruptions, 

storms, etc, have caused a great havoc to livelihoods and brought down the socio-

economic status of a country apart from severe damage to the environment. These 



  

 

 

 

catastrophic events clearly swab out years of urban development by demolishing the 

buildings and other infrastructures and killing thousands to millions of people 

(Raheem et al.,2000). One such example which caused an immense loss to lives and 

properties is the 2011 Tsunami in Japan. 

 

Role of Remote Sensing in Disaster Management Cycle In the current scenario 

owing to the increasing efficient quality of the sensor technology and increase in 

number of operational satellites that are launched by many space research 

organizations and firms around the world, the field of remote sensing or earth 

observation has made a remarkable development and achievement in all fields of life. 

Technological innovations in the field of science and engineering in the last few 

years made it easier in reducing the disaster risks and helps in planning for the future. 

The combination of internet along with technologies such as Geographic Information  

 



system (GIS) renders possible knowledge in understanding and communicating the 

socio-economic and physical complexities of disasters. GIS technology predicts 

disaster places which are vulnerable and most probable to occur [6]. So by 

understanding and knowing the areas where the disaster happens, it is ease for the 

international organizations to develop a new, more effective and efficient methods to 

mitigate further risks. The extent of damage is dependent on the density of the 

population, physical infrastructure and means accessible for mitigation purposes such 

as evacuation site, flood control dams, etc. GIS synthesize information from a vast 

number of different data resources and helps in assessing disaster impact, plan 

response and relief strategies. Remote sensing and Geographic Information system 

plays a vital role to evolve suitable and sustainable strategies for assessing, managing 

and mitigating the disasters and also provides an occupational framework to 

indentify and fill the gaps. Remotely sensed data’s helps rapidly in identifying 

hardest-hit areas, manipulates population density in disaster-prone areas, monitors 

rehabilitation or reconstruction after a major havoc. During a crisis, it facilitates plan 

for timely evacuation and recovery operations.Remote sensing is the only way to 

overview the disaster events happening on the earth’s crust. Remote sensing plays a 

vital role in many aspects of disaster management, ranging from risk modeling and 

vulnerability analysis to early warning.  

 



  

 

 

 

 

DISASTER MANAGEMENT  

One way of dealing with natural hazards is to ignore them. In many areas, neither the 

population nor the authorities chooses to take the danger due to natural hazards 

seriously, due to many different reasons. The last major destructive event may have 

happened long time ago, and is only remember as a story from the past. People may 

have moved in the area recently, without having the knowledge on potential hazards. 

Or it may be that the risk due to natural hazards is taken for granted, given the many 

dangers and problems confronted with in people’s daily lives. Cynical authorities 

may ignore hazards because the media exposure for their aid supply after the disaster 

has happened has much more impact on voters than the quit investment of funds for 

disaster mitigation. To effectively reduce the impacts of natural disasters a complete 

strategy for disaster management is required, which is also referred to as the disaster 

management cycle (see figure 2). Disaster management consists of two phases that 

take place before a disaster occurs, disaster prevention and disaster preparedness, and 

three phases that happen after the occurrence of a disaster, disaster relief, 

rehabilitation and reconstruction (UNDRO, 1991). Disaster management is 

represented here as a cycle, since the occurrence of a disaster event will eventually 

influence the way society is preparing for the next one. 

 

 

 



 

EXAMPLE 1: FLOODING  

Different types of flooding (e.g. river floods, flash floods, dam-break floods or 

coastal floods) have different characteristics with respect to the time of occurrence, 

the magnitude, frequency, duration, flow velocity and the areal extension. Many 

factors play a role in the occurrence of flooding, such as the intensity and duration of 

rainfall, snowmelt, deforestation, land use practices, sedimentation in riverbeds, and 

natural or man made obstructions. In the evaluation of flood hazard, the following 

parameters should be taken into account: depth of water during flood, the duration of 

flood, the flow velocity, the rate of rise and decline, and the frequency of occurrence. 

Satellite data has been succesfully and operationally used in most phases of flood 

disaster management (CEOS, 1999). Multi channel and multi sensor data sources 

from GOES and POES satellites are used for meteorological evaluation, 

interpretation, validation, and assimilation into numerical weather prediction models 

to assess hydrological and hydro geological risks (Barrett, 1996). Quantitative 

precipitation estimates (QPE) and forecasts (QPF) use satellite data as one source of 

information to facilitate flood forecasts in order to provide early warnings of flood 

hazard to communities. Earth observation satellites can be used in the phase of 

disaster prevention, by mapping geomorphologic elements, historical events and 

sequential inundation phases, including duration, depth of inundation, and direction 

of current. Earth observation satellites are also used extensively in the phases of 

preparedness/warning and response/monitoring. The use of optical sensors for flood 

mapping is seriously limited by the extensive cloud cover that is mostly present 

during a flood event. Synthetic Aperture Radar (SAR) from ERS and RADARSAT 

have been proven very useful for mapping flood inundation areas, due to their bad 

weather capability. In India, ERS -SAR has been used successfully in flood 

monitoring since 1993, and Radarsat since 1998 (Chakraborti, 1999). A standard pro 

cedure is used in which speckle is removed with medium filtering techniques, and a 

piece-wise linear stretching. Colour composites are generated using SAR data during 

floods and pre-flood SAR images. For the disaster relief operations, the application 

of current satellite systems is still limited, due to their poor spatial resolution and the 



  

 

 

 

problems with cloud covers. Hopefully, the series of high resolution satellites will 

improve this. Remote sensing data for flood management should always be 

integrated with other data in a GIS. Especially on the local scale a large number of 

hydrological and hydraulic factors need to be integrated. One of the most important 

aspects in which GIS can contribute is the generation of detailed topographic 

information using high precision Digital Elevation Models, derived from geodetic 

surveys, aerial photography, SPOT, LiDAR (Light detection And Ranging) or SAR 

(Corr, 1983 ). These data are used in two and three dimensional finite element 

models for the prediction of floods in river channels and floodplains (Gee et al., 

1990). 

 

EXAMPLE 2: EARTHQUAKES  

The areas affected by earthquakes are generally large, but they are restricted to well 

known regions (plate contacts). Typical recurrence periods vary from decades to 

centuries. Observable associated features include fault rupture, damage due to 

ground shaking, liquefaction, landslides, fires and floods. The following aspects play 

an important role: distance from active faults, geological structure, soiltypes, depth 

of the watertable, topography, and construction types of buildings. In earthquake 

hazard mapping two different approaches are to be distinguished, each with a 

characteristic order of magnitude of map scale (Hays, 1980): small scale (regional) 

seismic macro zonation at scales 1:5,000,000 to 1:50,000, and large scale (local) 

seismic micro zonation at scales of 1:50-25,000 to 1:10,000. The most important data 

for seismic hazard zonation is derived from seismic networks. In seismic 

microzonation, the data is derived from accelerometers, geotechnical mapping, 

groundwater modelling, and topographic modelling, at large scales. Satellite remote 

sensing does not play a major operational role in earthquake disaster management. In 

the phase of disaster prevention satellite remote sensing can play a role in the 

mapping of lineaments and faults, the study of the tectonic setting of an area, and  

 

 



neotectonic studies (Drury, 1987). Visible and infra-red imagery with spatial 

resolutions of 5-20 meters is generally used. Satellite Laser Ranging (SLR) and Very 

Long Base Baseline Interferometry (VLBI) have been used for the monitoring of 

crustal movement near active faults. In the measurement of fault displacements 

Global Positioning System (GPS) have become very important. An increasingly 

popular remote sensing application is the mapping of earthquake deformation fields 

using SAR interferometry (InSAR) (Massonet et al., 1994, 1996). It allows for a 

better understanding of fault mechanisms and strain. However, although some 

spectacular results have been reported, the technique still has a number of problems 

which does not make it possible to apply it on a routine basis. There are no generally 

accepted operational methods for predicting earthquakes. Although there is some 

mentioning of observable precursors for earthquakes in literature, such as variations 

in the electric field or thermal anomalies, they are heavily disputed. In the phase of 

disaster relief, satellite remote sensing can at the moment only play a role in the 

identification of large associated features (such as landslides), which can be mapped 

by medium detailed imagery (SPOT, IRS etc.). Structural damage to buildings 

cannot be observed with the poor resolution of the current systems. The Near Real 

Time capability for the assessment of damage and the location of possible victims 

has now become more possible with the availability of the first civilian optical Very 

High Resolution (VHR) mission, IKONOS-2, though this will only make a 

difference if adequate temporal resolution, swath-coverage and ready access to the 

data can be achieved (CEOS, 1999). 

 

EXAMPLE 3: VOLCANIC ERUPTIONS 

 The areas affected by volcanic eruptions are generally small, and restricted to well 

known regions. The distribution of volcanoes is well known, however, due to 

missing or very limited historical records, the distribution of active volcanoes is not 

(especially in developing countries). Many volcanic areas are densely populated. 

Volcanic eruptions can lead to a large diversity of processes, such as explosion 

(Krakatau, Mount St. Helens), pyroclastic flow (Mt. Pelee, Pinatubo), lahars (Nevado 

del Ruiz, Pinatubo), lava flows (Hawaï, Etna), and ashfall (Pinatubo, El Chincon). 



  

 

 

 

Volcanic ash clouds can be distributed over large areas, and may have considerable 

implications for air-traffic and weather conditions. Satellite remote sensing has 

become operational in some of the phases of volcanic disaster management, 

specifically in the monitoring of ash clouds. The major applications of remote 

sensing in volcanic hazard assessment are: 1) monitoring volcanic activity & 

detecting volcanic eruptions , 2) identification of potentially dangerous volcanoes, 

especially in remote areas and 3) mapping volcanic landforms and deposits 

(Mouginis-Mark and Francis, 1992). Earth observation satellites can be used in the 

phase of disaster prevention in the mapping of the distribution and type of volcanic 

deposits. For the determination of the eruptive history other types of data are 

required, such as morphological analysis, tephra chronology, and lithological 

composition. Volcanic eruptions occur within minutes to hours, but are mostly 

preceded by clear precursors, such as fumarolic activity, seismic tremors, and surface 

deformation (bulging). For the (detailed to semi-detailed) mapping of volcanic 

landforms and deposits, the conventional interpretation of stereo aerial photographs 

is still the most used technique. The stereo image does not only give a good view of 

the different lithologies and the geomorphological characteristics of the volcanic 

terrain, but it can also be used for delineating possible paths of different kinds of 

flows. One of the most useful aspects of remote sensing is the ability of the visible 

and infrared radiation to discriminate between fresh rock and vegetated surfaces. 

This is useful because vegetation quickly develops on all areas except those 

disturbed by the volcano or other causes (urban development, etc). Topographic 

measurements, and especially the change in topography are very important for the 

prediction of volcanic eruptions. Synthetic Aperture Radar (SAR) sensors can 

provide valuable data which describes the topography. Measurement of ground 

deformation may eventually be achieved using SAR interferometry. 

For the monitoring of volcanic activity a high temporal resolution is an advantage.  

 

 



For the identification of different volcanic deposits a high spatial resolution and, to a 

lesser extent, also a high spectral resolution are more important. Hot areas, e.g., 

lavas, fumaroles and hot pyroclastic flows can be mapped and enhanced using 

Thematic Mapper data. Landsat Band 6 can be used to demonstrate differences in 

activity which affect larger anomalies such as active block lava flows. For smaller 

and hotter (>100 C) anomalies the thermal infrared ba nd can be saturated but other 

infrared bands can be used (Rothery et al., 1988; Frances and Rothery, 1987; 

Oppenheimer, 1991). Uehara et al. (1992), used airborne MSS (1.5m resolution) to 

study the thermal distribution of Unzendake volcano in Japan to monitor the lava 

domes causing pyroclastic flows when collapsed. Volcanic clouds may be detected 

by sensors that measure absorption by gases in the cloud such as TOMS (Krueger et 

al, 1994), by infrared sensors such as AVHRR (Wen and Rose, 1994), by 

comprehensive sensors on meteorological satellites, and by microwave or radar 

sensors. Remote sensing has become an indispensable part of the global system of 

detection and tracking of the airborne products of explosive volcanic eruptions via a 

network of Volcanic Ash Advisory Centers (VAACs) and Meteorological Watch 

Offices (MWOs). Satellite data provide critical information on current ash cloud 

coverage, height, movement, and mass as input to aviation SIGnificant 

METerological (SIGMET) advisories and forecast trajectory dispersion models 

(CEOS, 1999). 

 

EXAMPLE 4: LANDSLIDES  

Individual landslides are generally small but they are very frequent in certain 

mountain regions. Landslides occur in a large variety, depending on the type of 

movement (slide, topple, flow, fall, spread), the speed of movement (mm/year - 

m/sec), the material involved (rock, debris, soil), and the triggering mechanism 

(earthquake, rainfall, human interaction). In the phase of disaster prevention satellite 

imagery can be used for two purposes: landslide inventory and the mapping of  

 

 

 



  

 

 

 

factors related to the occurrence of landslides, such as lithology, geomorphological 

setting, faults, land use, vegetation and slope. For landslide inventory mapping the 

size of the landslide features in relation to th e ground resolution of the remote 

sensing data is very important. A typical landslide of 40000 m2 , for example, 

corresponds with 20 x 20 pixels on a SPOT Pan image and 10 x 10 pixels on SPOT 

multispectral images. This would be sufficient to identify a lan dslide that has a high 

contrast, with respect to its surroundings (e.g. bare scaps within vegetated terrain), 

but it is insufficient for a proper analysis of the elements pertaining to the failure to 

establish characteristics and type of landslide. Imagery with sufficient spatial 

resolution and stereo capability (SPOT, IRS) can be used to make a general 

inventory of the past landslides. However, they are mostly not sufficiently detailed to 

map out all landslides. Aerial photo-interpretation still remains essential. It is 

believed that the best airphoto-scale for the interpretation of landslides is between 

1:15.000 and 1:25.000 (Rengers et al., 1992). If smaller scales are used, a landslide 

may only be recognized, if size and contrast are sufficiently large. It is expected that 

in future the Very High Resolution (VHR) imagery, such as from IKONOS-2, might 

be used successfully for landslide inventory. Satellite imagery can also be used to 

collect data on the relevant parameters involved (soils, geology, slope, 

geomorphology, landuse, hydrology, rainfall, faults etc.). Multispectral images are 

used for the classification of lithology, vegetation, and land use. Stereo SPOT 

imagery is used in geomorphological mapping, or terrain classification (Soeters et al. 

1991). Digital elevation models can be derived from SPOT or IRS images, or using 

airborne or spaceborne inSAR techniques. In the phase of disaster preparedness use 

could be made of the following techniques for the monitoring of landslide 

movements: ground measurements, photogrammetry, GPS, Radar interferometry. 

Warning systems for landslides are only operational in a few places in the world, 

with a very high density of information (landslide dates as well as daily rainfall 

should be known in order to establish rainfall thresholds) (Keefer et al, 1987). The 

use of Meteosat & NOAA, combined with raingauge data for predicting these 

threshold is being investigated. 


