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1.1 Introduction to GIS

The advent of cheap and powerful computers over the last few decades has allowed for
the development of innovative software applications for the storage, analysis, and display
of geographic data. Many of these applications belong to a group of software known as
Geographic Information Systems (GIS). Many definitions have been proposed for what
constitutes a GIS. Each of these definitions conforms to the particular task that is being
performed. Instead of repeating each of these definitions, I would like to broadly define

GIS according to what it does. Thus, the activities normally carried out on a GIS include:

1. The measurement of natural and human made phenomena and processes
from a spatial perspective. These measurements emphasize three types of
properties commonly associated with these types of systems: elements,

attributes, and relationships.

2. The storage of measurements in digital form in a computer database.
These measurements are often linked to features on a digital map. The

features can be of three types: points, lines, or areas (polygons).

3. The analysis of collected measurements to produce more data and to
discover new relationships by numerically manipulating and modeling

different pieces of data.

4. The depiction of the measured or analyzed data in some type of display -

maps, graphs, lists, or summary statistics.

The first computerized GIS began its life in 1964 as a project of the Rehabilitation and
Development Agency Program within the government of Canada. The Canada
Geographic Information System (CGIS) was designed to analyze Canada's national land
inventory data to aid in the development of land for agriculture. The CGIS project was
completed in 1971 and the software is still in use today. The CGIS project also involved a
number of key innovations that have found their way into the feature set of many

subsequent software developments.
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From the mid-1960s to 1970s, developments in GIS were mainly occurring at government
agencies and at universities. In 1964, Howard Fisher established the Harvard Lab for
Computer Graphics where many of the industries early leaders studied. The Harvard Lab
produced a number of mainframe GIS applications including: SYMAP (Synagraphic
Mapping System), CALFORM, SYMVU, GRID, POLYVRT, and ODYSSEY. ODYSSEY
was first modern vector GIS and many of its features would form the basis for future
commercial applications. Automatic Mapping System was developed by the United States
Central Intelligence Agency (CIA) in the late 1960s. This project then spawned the CIA's
World Data Bank, a collection of coastlines, rivers, and political boundaries, and the
CAM software package that created maps at different scales from this data. This
development was one of the first systematic map databases. In 1969, Jack Dangermond,
who studied at the Harvard Lab for Computer Graphics, co-founded Environmental
Systems Research Institute (ESRI) with his wife Laura. ESRI would become in a few
years the dominate force in the GIS marketplace and create Arcinfo and ArcView
software. The first conference dealing with GIS took place in 1970 and was organized by
Roger Tomlinson (key individual in the development of CGIS) and Duane Marble
(professor at Northwestern University and early GIS innovator). Today, numerous

conferences dealing with GIS run every year attracting thousands of attendants.

In the 1980s and 1990s, many GIS applications underwent substantial evolution in terms
of features and analysis power. Many of these packages were being refined by private
companies who could see the future commercial potential of this software. Some of the
popular commercial applications launched during this period include: Arclnfo, ArcView,
Maplnfo, SPANS GIS, PAMAP GIS, INTERGRAPH, and SMALLWORLD. It was also
during this period that many GIS applications moved from expensive minicomputer

workstations to personal computer hardware.

1.1.1 Why document your data?

Working with your Geographic Information System on a regular basis as you do,
you probably have a pretty good idea about what it contains, the area of the
country it covers, and what its major strengths and weaknesses are likely to be.

You know, for example, that your data cover the city of York, that period
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information is only stored to the nearest century, and that the aerial photographic

interpretation to the south—west of the city is a bit dubious.

1.1.2 Documentation for others

Data offered to the ADS, however, may potentially be used by researchers from
many different parts of the planet, and with widely varied levels of expertise. They

have no way of knowing anything at all about your data unless you tell them.

In order to make sure that the maximum amount of information is delivered to the
user whilst involving you, the depositor, in minimal effort, the Archaeology Data
Service has developed a number of procedures to standardize and simplify the

documentation process.

1.1.3 Documentation for you

Some form of record about your data — and about what you've done to it — is
also, of course, undoubtedly useful within your own organization. Even using data
every day, it is still possible to forget about where some of it came from, or how

the data you currently used were originally compiled from various sources.

This guide introduces the issues relevant to both types of documentation, as well

as discussing the detail relevant to one or the other.

1.2 Database & Scales

Quantitative and qualitative data are two types of data.

1.2.1 Qualitative data

Qualitative data is a categorical measurement expressed not in terms of numbers,
but rather by means of a natural language description. In statistics, it is often

used interchangeably with "categorical” data.
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Although we may have categories, the categories may have a structure to them.
When there is not a natural ordering of the categories, we call

these nominal categories. Examples might be gender, race, religion, or sport.

When the categories may be ordered, these are
called ordinal variables. Categorical variables that judge size (small, medium,
large, etc.) are ordinal variables. Attitudes (strongly disagree, disagree, neutral,
agree, strongly agree) are also ordinal variables, however we may not know
which value is the best or worst of these issues. Note that the distance between

these categories is not something we can measure.

1.2.2 Quantitative data

Quantitative data is a numerical measurement expressed not by means of a
natural language description, but rather in terms of numbers. However, not all
numbers are continuous and measurable. For example, the social security number
is a number, but not something that one can add or subtract. Quantitative data

always are associated with a scale measure.

Probably the most common scale type is the ratio-scale. Observations of this type
are on a scale that has a meaningful zero value but also have an equidistant
measure (i.e., the difference between 10 and 20 is the same as the difference
between 100 and 110). For example, a 10 year-old girl is twice as old as a 5 year-
old girl. Since you can measure zero years, time is a ratio-scale variable. Money
is another common ratio-scale quantitative measure. Observations that you count

are usually ratio-scale (e.g., number of widgets).

A more general quantitative measure is the interval scale. Interval scales also
have a equidistant measure. However, the doubling principle breaks down in this
scale. A temperature of 50 degrees Celsius is not "half as hot" as a temperature of
100, but a difference of 10 degrees indicates the same difference in temperature
anywhere along the scale. The Kelvin temperature scale, however, constitutes a

ratio scale because on the Kelvin scale zero indicates absolute zero in
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temperature, the complete absence of heat. So one can say, for example, that 200

degrees Kelvin is twice as hot as 100 degrees Kelvin.

1.2.3 Types of data

There are four types of data that may be gathered in social research, each one

adding more to the next. Thus ordinal data is also nominal, and so on.

Ratio

Interval

Ordinal

Nominal

Fig. 1.1: Types of data

1.2.3.1 Nominal

The name 'Nominal' comes from the Latin nomen, meaning 'mame' and
nominal data are items which are differentiated by a simple naming

system.

The only thing a nominal scale does is to say that items being measured

have something in common, although this may not be described.

Nominal items may have numbers assigned to them. This may appear

ordinal but is not -- these are used to simplify capture and referencing.
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Nominal items are usually categorical, in that they belong to a definable

category, such as 'employees’.

Example:
1. The number pinned on a sports person.
2. A set of countries.

1.2.3.2 Ordinal

Items on an ordinal scale are set into some kind of order by their position

on the scale. This may indicate such as temporal position, superiority, etc.

The order of items is often defined by assigning numbers to them to show
their relative position. Letters or other sequential symbols may also be

used as appropriate.

Ordinal items are usually categorical, in that they belong to a definable

category, such as '1956 marathon runners'.

You cannot do arithmetic with ordinal numbers -- they show sequence

only.
Example:

1. The first, third and fifth person in a race.

2. Pay bands in an organization, as denoted by A, B, C and D.
1.2.3.3 Interval

Interval data (also sometimes called integer) is measured along a scale in
which each position is equidistant from one another. This allows for the

distance between two pairs to be equivalent in some way.

This is often used in psychological experiments that measure attributes

along an arbitrary scale between two extremes.
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Interval data cannot be multiplied or divided.

Example:
1. My level of happiness, rated from 1 to 10.
2. Temperature, in degrees Fahrenheit.
1.2.3.4 Ratio

In a ratio scale, numbers can be compared as multiples of one another.
Thus one person can be twice as tall as another person. Important also,

the number zero has meaning.

Thus the difference between a person of 35 and a person 38 is the same as
the difference between people who are 12 and 15. A person can also have

an age of zero.

Ratio data can be multiplied and divided because not only is the difference
between 1 and 2 the same as between 3 and 4, but also that 4 is twice as

much as 2.

Interval and ratio data measure quantities and hence are quantitative.

Because they can be measured on a scale, they are also called scale data.
Example:
1. A person's weight

2. The number of pizzas I can eat before fainting

1.2.4 Parametric vs. Non-parametric

Interval and ratio data are parametric, and are used with parametric tools in

which distributions are predictable (and often Normal).

Nominal and ordinal data are non-parametric, and do not assume any particular

distribution. They are used with non-parametric tools such as the Histogram.
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1.2.5 Continuous and Discrete

Continuous measures are measured along a continuous scale which can be
divided into fractions, such as temperature. Continuous variables allow for
infinitely fine sub-division, which means if you can measure sufficiently

accurately, you can compare two items and determine the difference.

Discrete variables are measured across a set of fixed values, such as age in years
(not microseconds). These are commonly used on arbitrary scales, such as

scoring your level of happiness, although such scales can also be continuous.

1.2.6 Map Scale

Maps are rarely drawn at the same scale as the real world. Most maps are made
at a scale that is much smaller than the area of the actual surface being depicted.
The amount of reduction that has taken place is normally identified somewhere on
the map. This measurement is commonly referred to as the map scale.
Conceptually, we can think of map scale as the ratio between the distance
between any two points on the map compared to the actual ground distance

represented. This concept can also be expressed mathematically as:

Map Distance
Earth Distance

Map Scale =

On most maps, the map scale is represented by a simple fraction or ratio. This
type of description of a map's scale is called a representative fraction. For
example, a map where one unit (centimeter, meter, inch, kilometer, etc.) on the
illustration represents 1,000,000 of these same units on the actual surface of the
Earth would have a representative fraction of 1/1,000,000 (fraction) or
1:1,000,000 (ratio). Of these mathematical representations of scale, the ratio

form is most commonly found on maps.

Scale can also be described on a map by a verbal statement. For example,
1:1,000,000 could be verbally described as "I centimeter on the map equals 10

kilometers on the Earth's surface" or "l inch represents approximately 16 miles".
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Most maps also use graphic scale to describe the distance relationships between
the map and the real world. In a graphic scale, an illustration is used to depict
distances on the map in common units of measurement. Graphic scales are quite

useful because they can be used to measure distances on a map quickly.

Scale 1/250 000

Kilometres 5 1] ] 10 15 20 25 30
e —— I— I— ]

Miles 5 1] 5 10 15 20
[

| —— —— ]

Fig. 1.2: Graphic scale

The following graphic scale was drawn for map with a scale of 1:250,000. In the

illustration distances in miles and kilometers are graphically shown.

Maps are often described, in a relative sense, as being either small scale or large
scale. Figure 2a-10 helps to explain this concept. In we have maps representing
an area of the world at scales of 1:100,000, 1:50,000, and 1:25,000. Of this
group, the map drawn at 1:100,000 has the smallest scale relative to the other
two maps. The map with the largest scale is map C which is drawn at a scale of

1:25,000.

1:100,000 1:50,000 1:25,000
Fig. 1.3: Map scale

The following three illustrations describe the relationship between map scale and
the size of the ground area shown at three different map scales. The map on the
far left has the smallest scale, while the map on the far right has the largest scale.

Note what happens to the amount of area represented on the maps when the scale
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is changed. A doubling of the scale (1:100,000 to 1:50,000 and 1:50,000 to
1:25,000) causes the area shown on the map to be reduced to 25% or one-

quarter.

1.3 Concepts in GIS

A phrase many use in referring to GIS is “computer mapping.” GIS is about creating
maps on a computer for a variety of descriptive and analytical purposes. GIS can help
planners and analysts “visualize” data to better understand patterns and concentrations
of spatial phenomena. GIS also has the useful ability to portray layers of information, to
help uncover spatial relationships among multiple sets of data. A typical GIS “session”

involves bringing in various map layers for analysis.
Map layers can take the form of points, lines, or areas.

Points represent phenomena that have a specific location, such as homes, businesses,
colleges, schools, and crime sites. Lines represent phenomena that are linear in nature,
such as roads, rivers, and water lines. Areas represent phenomena that are bounded
(states, counties, zip codes, school districts, census tracts). For example, a higher
education institution may want to create a map illustrating the housing locations of off-
campus students. A map would typically include (1) the layer of student housing locations
represented by points,; (2) a map layer portraying streets, represented as lines; and (3)
some form of a bounded area layer such as villages or towns, and city wards. It is
important to note that the extent to which one can match data to base maps goes well
beyond the familiar examples of mapping state, county, and town data. For example, an
excellent use of GIS is in the area of facilities management. Both MaplInfo and ArcView
have the ability to import AutoCAD drawing files, the most popular format for building
and room drawings. Characteristics of each building and room can be associated to the
drawings in a GIS. Many higher education institutions have already developed such

applications.

Perhaps the most important concept involved in using a GIS is that of associating, or
“attaching,” attribute data to a spatially referenced base map. For example, picture a

map of the United States with the state boundaries easily visible and distinguishable. This
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common base map in a GIS would contain the name of each state and, importantly, the
coordinates (latitude and longitude) of each state boundary. With this information, a GIS
can display a simple base map of the United States by state. A database of socioeconomic
data such as population, median income, and racial distribution for each state in the
country can then be associated or attached to the state boundary map layer. In social
sciences research, a GIS may associate the demographic information in the database to
the base map by matching the name of each state in the base map to the name of each
State in the database. It is this capability of matching up or “merging” data in a database
to a base map that is at the foundation of nearly every analysis employing GIS
technology.

1t is therefore extremely important that the data contain a locational identifier in order to
be mapped in a GIS. Typical examples of locational identifiers are street address, zip
code, county, state, and census tract. If this information is in the data, then the data can
be associated to a base map and portrayed and analyzed in a GIS. The term used to
describe the associating of attribute data to a base map in a GIS is geocoding, or
geographically encoding the data to allow it to be mapped. Address-level data are
typically geocoded to a street-level base map, county statistics are geocoded against a

county-level base map, and so forth.

Another key concept associated with GIS is that it can be a tremendous reporting tool.
One way to think about GIS is that it is a “visual communication tool.” Think of a
standard data report that lists the number of students by county who attend a particular
higher education institution. The counties would be listed in one column and the number
of students in a County Boundary and Census Tracts (Polygon or Area Layers), High
School Locations (Point Layer), Interstate Highways (Line Layer) and the information or
labels (Annotation Layer).
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Fig. 1.4: Points, Lines, and Areas

The table could be sorted alphabetically by county or by number of students. This type of
report does not have a “spatial” dimension illustrating the location of each respective
county. Once these data are geocoded and mapped, one can add a powerful dimension to
the communication and “absorption” of the information on the reader’s part.
Concentrations and patterns immediately come alive. At many institutions in upstate New
York, for example, there is a clear upstate-downstate distinction among the student bod.
A map can illustrate this distinction much more powerfully than a table of county names

and numbers.

1.4 Components in GIS

A Geographic Information System combines computer cartography with a database
management system. The figure below describes some of the major components common
to a GIS. This diagram suggests that a GIS consists of three subsystems: (1) an input
system that allows for the collection of data to be used and analyzed for some purpose;
(2) computer hardware and software systems that store the data, allow for data
management and analysis, and can be used to display data manipulations on a computer
monitor; (3) an output system that generates hard copy maps, images, and other types of

output.
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Fig.1.5: Components of a Geographic Information System

Three major components of a Geographic Information System. These components consist

of input, computer hardware and software, and output subsystems.

Two basic types of data are normally entered into a GIS. The first type of data consists of
real world phenomena and features that have some kind of spatial dimension. Usually,
these data elements are depicted mathematically in the GIS as either points, lines, or
polygons that are referenced geographically (or geocoded) to some type of coordinate
system. This type data is entered into the GIS by devices like scanners, digitizers, GPS,
air photos, and satellite imagery. The other type of data is sometimes referred to as an
attribute. Attributes are pieces of data that are connected or related to the points, lines,
or polygons mapped in the GIS. This attribute data can be analyzed to determine patterns
of importance. Attribute data is entered directly into a database where it is associated

with element data.
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1.5 Application of GIS

LAND USE
PLANNING

NATURAL
RESOURCE
MANAGEMENT

PARCEL
MANAGEMENT

ENVIRONMENTAL
MONITORING

TOPOGRAPHIC
MAPPING

Fig. 1.6: The tools and applications of GIS has increased

1.5.1 Application of GIS in energy exploration

GIS applications in energy exploration are the primary way in which oil potentiality in
suitable locations is evaluated. This service has become indispensable for the petroleum
industries to stay ahead in the competition regarding the discovery of new sources of

petroleum.

It is with the help of GIS applications in energy exploration that large petroleum
companies select the most suitable sites for their retail outlets by evaluating the
information on demography and transportation, which can optimize the customers

satisfaction.

GIS applications in energy exploration helps to analyze and integrate a lot of different
types of data to the specified location and then by overlaying, viewing, and manipulating
the data in the form of a map, it discovers the new or extension of the potent oil source.

The data required for exploration are:
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o Satellite imagery

e Digital aerial photo mosaics

e Seismic surveys

e Surface geology studies

e Sub-surface and cross section interpretations and images
e Good locations

e Existing infrastructure information

GIS applications in energy exploration manage the spatial distribution of components of
the daily petroleum based business items like leases, pipelines, wells, environmental
concerns, facilities, and retail outlets, within the corporate database. The digital

mapping of the web enabled GIS applications apply appropriate geographic analysis
efficiently.

The exploration of the oil reserves is associated with the production process of the
petroleum resources. GIS technology is ideally suited for aiding the respective petroleum
company to understand certain geographic, infrastructural, logistical, and environmental
factors related to that specific site. The GIS applications in energy exploration can also
be integrated with other economic business planning engines to provide a focused
business solution. They help the petroleum industry by providing relevant information
regarding drilling platforms, oil refineries, and pipeline networks. These infrastructural
requirements for energy production exist in difficult commercial, operational, and
environmental conditions. Therefore, it is essential that they should be planned,

maintained, and operated effectively.

In a nutshell, GIS applications in energy exploration integrate the exploration and
production of energy reserves with the infrastructure management systems of the oil

plants.
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1.5.2 Vehicle tracking systems

Vehicle tracking systems are usually used for managing a fleet of vehicles. The vehicles
of a fleet are fitted with GPS, which usually transmit the positional data of the vehicles to
a central station. The central station is a monitoring station, where the position of
vehicles is displayed on a GIS map. Vehicle tracking systems will be useful for the police
and emergency response services. The central station usually diverts the vehicle nearest
to the site, where the vehicles are required. By using a wireless phone service or cellular
phone network, real time corrections can be sent to the receivers fitted on the vehicles

and better results can be obtained.

1.5.3 Application in Forestry

GIS applications in forestry in India is the indispensable method by means of which the

total forest area in India is measured.

Digital mapping has brought about a revolutionary change in the entire Geographical
Information System (GIS). The rudimentary method of depending on paper maps has
been changed and at present, one depends on digital maps, which in fact have been

playing a significant role in the monitoring and management of the forests.

The Geographical Information System, Global Positioning System, and Remote Sensing
are important technological applications used in various areas of life in today's era of

modern communication.

The GIS Applications in forestry has come up with excellent results in the decision

making in the field level. There are different types of GIS Applications in forestry, such as

o Supervising of afforestation plans
e Monitoring of plantation schemes
e Corridor mapping for animal migration

e Habitat mapping
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e Land capability mapping

GIS applications in forestry are also used for the prevention of trespassers in the forests.
This is done with the help of satellite imageries. The total forest area in India is under
danger from various quarters today. GIS applications in forestry are also very useful in
the protection of forests. With the help of such applications in the GIS system, accurate
information can be remotely and easily obtained. The geo-spatial data is organized to
make important decisions. The data should be accurate as any type of error within the

GIS calculations would misguide the users.

Some other useful purposes for which GIS applications in forestry can be used are the
selection of locations for plantation or for supervising the ongoing danger of
encroachments. Moreover, issues like burning of forests and jhum' cultivation can be
regulated. The expansion of infrastructure and communication networks are also taken
care of by GIS applications. Managing the forests and village are also aided by these

applications.
Forest Fire Monitoring in Uttaranchal State Forest Department

Synergy of Indian Remote sensing Satellite (IRS) systems covering IRS-P6, IRS-1D, and
data given by TERRA/AQUA Moderate resolution Imaging Spectroradiometer (MODIS),
National Oceanic and Aeronautic Administration - Advanced Very High Resolution
Radiometer (NOAA-AVHRR), Defense Meteorological Satellite Program-Operational
Line scan System (DMSP-OLS), Environment Satellite (ENVISAT) are useful in forest fire
detection, active fire progression monitoring, near real time damage assessment, and
mitigation planning.
The Decision Support Center (DSC) is established at National Remote Sensing Centre
(NRSC) as part of Disaster Management Support Programme of Department of Space
(DOS), for working towards effective management of disasters in India. Considering the
importance of forest fire management in India, a comprehensive Indian Forest Fire
Response and Assessment System (INFFRAS) is invoked under DSC activities of NRSC,
which integrates multi-sensor satellite data and ground data through spatially and
temporally explicit GIS analysis frame work. The INFFRAS is designed to provide

services on:
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1. Fire alerts :Value-added daily daytime TERRA/AQUA MODIS fire locations and
DMSP-OLS derived daily nighttime fire locations

2. Fire progression: Progression of fires using daily day and night fire location
information given by MODIS/DMSP-OLS and burnt area expansion derived from

temporal high resolution data sets

3. Burnt area assessment: Mapping episodic fire events using moderate and high

resolution optical data sets

4. Forest fire mitigation plans.

1.5.4 Vehicle navigation systems

Vehicle navigation systems are used for guiding vehicles to their destination. These
systems usually use GPS or inertial navigation systems or a combination of both for
positioning the vehicle. The advantage of using both inertial navigation systems and GPS
is that navigation can be continued even when the GPS cannot receive the signals form
the satellites due to obstruction. In countries like the US, vehicle navigation systems are
used for guiding tourists to different tourist spots. The vehicle navigation systems use a
computer, which determines the position of the vehicle, plans the route and gives the
directions to the driver. The driver gives the location of his/her destination while starting
his journey and the computer guides the driver by giving either audio or and visual
instructions. The route the computer plans is usually optimized route; the route is the
route optimized for distance or the route can be the most or the least used route (Jurgen,
1998). GPS receivers, which have the capability of displaying the speed, will be useful
for determining the speed of the vehicle, even though the display might show a non-zero

value of speed sometimes, when the speed of the vehicle is zero.

1.5.5 Property Tax Assessment System using GIS

Municipal authorities all over India understand the importance of bringing IT into their
infrastructure and setup. This has led to opening and the consolidation of IT departments
in the municipal corporations in the country. Property tax assessment is one of the areas

of Kanpur Municipal Corporation where we can use the technology to meet the
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challenges of storing huge amount of data, and updating it on a continuous basis in an
effective manner. For example, a revenue inspector who has to collect property tax from
a number of households, would like to know the defaulters in his assigned area, and an IT
system would give him a document or spreadsheet listing the names and addresses of the
same. However, if the inspector could be shown visualization on the map about where
those properties are corresponding to the defaulters, it would give him much more
information than a spreadsheet. Similarly, an administrative officer for a ward or zone
could login to the GIS system and visualize the properties under his jurisdiction, and see
the properties corresponding to defaulters in different colors, depending on the amount
to be paid by the defaulters. The Property Tax Assessment System (PTAS) GIS is one such
system which attempts to benefit the municipal authorities for all queries related to
property tax. Similar kind of systems can exist for water tax management, and any other
tax related information system. The functionalities are described comprehensively in this
project report document. This project report document will attempt to describe and
consolidate the requirements of GIS application designed for the municipal authority. It
gives the detailed information of the developed functionalities and the dependencies on

GIS.

The PTIS is developed using Development environment shown in the figure.

C— 1 r .

) ArcEdiler
ArcGIS Client ! e
Components ArcObjects

Local Area Metwork
RDBMS
Database e
Server h

Fig. 1.7: PTIS
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1.5.6 Emergency response planning

Fig. 1.8: The Wasatch Fault zone runs through Salt Lake City along the foot of the

Wasatch Mountains in north-central Utah.

Map of the area surrounding the USGS Sugar House 7.5-minute quadrangle, Salt lake
City, Utah, showing the location of the Wasatch Fault zone.

A GIS was used to combine road network and earth science information to analyze the
effect of an earthquake on the response time of fire and rescue squads. The area covered
by the USGS Sugar House 7.5-minute topographic quadrangle map was selected for the
study because it includes both undeveloped areas in the mountains and a part of Salt

Lake City. Detailed earth science information was available for the entire region.

The road network from a USGS digital line graph includes information on the types of
roads, which range from rough trails to divided highways. The locations of fire stations
were plotted on the road network. A GIS function called network analysis was used to
calculate the time necessary for emergency vehicles to travel from the fire stations to
different areas of the city. The network analysis function considers two elements: (1)
distance from the fire station, and (2) speed of travel based on the type of road. The

analysis shows that under normal conditions, most of the area within the city will be
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served in less than 7 minutes and 30 seconds because of the distribution and density of

fire stations and the continuous network of roads.

The accompanying illustration depicts the blockage of the road network that would result from an
earthquake, assuming that any road crossing the fault trace would become impassable. The
primary effect on emergency response time would occur in neighborhoods west of the fault trace,

where travel times from the fire stations would be noticeably lengthened.

Fig. 1.9: Blocking of road network

After faulting, initial model. Network analysis in a GIS produces a map of travel times from the
stations after faulting. The fault is in red. Emergency response times have increased for areas west

of the fault.

1.5.7 Three-dimensional GIS

To more realistically analyze the effect of the Earth's terrain, we use three-dimensional
models within a GIS. A GIS can display the Earth in realistic, three-dimensional
perspective views and animations that convey information more effectively and to wider
audiences than traditional, two-dimensional, static maps. The U.S. Forest Service was
offered a land swap by a mining company seeking development rights to a mineral
deposit in Arizona's Prescott National Forest. Using a GIS, the USGS and the U.S.
Forest Service created perspective views of the area to depict the terrain as it would

appear after mining.
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Fig. 1.10: Prescott National Forest, showing altered topography due to mine development.

To assess the potential hazard of landslides both on land and underwater, the USGS

generated a three-dimensional image of the San Francisco Bay area. It created the image

by mosaicing eight scenes of natural color composite Landsat 7 Enhanced Thematic

Mapper imagery on California fault data using approximately 700 digital elevation
models at 1:24,000 scale.

Fig 1.11: Three-dimensional image of the San Francisco Bay created to assess the potential of

land and underwater avalanches.

1.6 Summary

In this unit we have discussed about geographical information systems, its components

and its applications. Database types and scales have been introduced and discuss, such

that designing and building a database in GIS can be understood. The basic format of

Geographical Information System 24 Uttarakhand Open University



Unit 1 GIS: Geographical Information Systems

Geographical data representation along with the computer, software and user
requirements has also been highlighted. At the end we have discussed about varied and

intensive application of GIS.

1.7 Glossary

Area- A closed, two-dimensional shape defined by its boundary. A calculation of the size

of a two-dimensional feature, measured in square units.

Digitize- To encode map features as x,y coordinates in digital form. Lines are traced to

define their shapes. This can be accomplished either manually or by use of a scanner.

Digitizer- A device connected to a computer, consisting of a tablet and a handheld puck,
that converts positions on the tablet surface as they are traced by an operator to digital

x,y coordinates, yielding vector data consisting of points, lines, and polygons.

Database- A logical collection of interrelated information, managed and stored as a unit.
A GIS database includes data about the spatial location and shape of geographic

features recorded as points, lines, and polygons as well as their attributes.

Geocoded- Translating geographic coordinates of map units (e.g. lines and points), into

X, Y digits or grid cells

Line- A shape defined by a connected series of unique x,y coordinate pairs. A line may be

straight or curved.

Point- A level of spatial measurement referring to an object which has no dimension at a

specified scale. Examples include wells, weather stations, and navigational lights.
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1.10 Terminal Questions

1. What is the full form of GIS?
2. What are the different data types? Explain each in I or 2 sentences.

3. What do you understand by 1: 50000? Explain.
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4. Which feature type will you choose to draw the following features: Rail, road,
plantation area, agriculture area, rivers, spot heights, single house, village, contours,

forest.

kook sk
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2.1 Components of a Toposheet

A map can be simply defined as a graphic representation of the real world. This
representation is always an abstraction of reality. Because of the infinite nature of our
Universe it is impossible to capture all of the complexity found in the real world. For
example, topographic maps abstract the three-dimensional real world at a reduced scale
on a two-dimensional plane of paper.

The art of map construction is called cartography. People who work in this field of
knowledge are called cartographers. The construction and use of maps has a long
history. Some academics believe that the earliest maps date back to the fifth or sixth
century BC. Even in these early maps, the main goal of this tool was to communicate
information. Early maps were quite subjective in their presentation of spatial
information. Maps became more objective with the dawn of Western science. The
application of scientific method into cartography made maps more ordered and accurate.
Today, the art of map making is quite a sophisticated science employing methods from
cartography, engineering, computer science, mathematics, and psychology.

Cartographers classify maps into two broad categories: reference maps and thematic
maps. Reference maps normally show natural and human-made objects from the
geographical environment with an emphasis on location. Examples of general reference
maps include maps found in atlases and topographic maps. Thematic maps are used to
display the geographical distribution of one phenomenon or the spatial associations that
occur between a numbers of phenomena.

2.1.1 Latitude & Longitude

Most maps allow us to specify the location of points on the Earth's surface using a
coordinate system. For a two-dimensional map, this coordinate system can use
simple geometric relationships between the perpendicular axes on a grid system
to define spatial location. The figure illustrates how the location of a point can be
defined on a coordinate system.

Y- Axis 3

X- Axis

Fig. 2.1: Latitude & Longitude
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A grid coordinate system defines the location of points from the distance traveled
along two perpendicular axes from some stated origin. In the example above, the
two axes are labeled X and Y. The origin is located in the lower left hand corner.
Unit distance traveled along each axis from the origin is shown. In this
coordinate system, the value associated with the X-axis is given first, following by
the value assigned from the Y-axis. The location represented by the star has the
coordinates 7 (X-axis), 4 (Y-axis).

Two types of coordinate systems are currently in general use in geography: the
geographical coordinate system and the rectangular (also called Cartesian)
coordinate system.

The geographical coordinate system measures location from only two values,
despite the fact that the locations are described for a three-dimensional surface.
The two values used to define location are both measured relative to the polar
axis of the Earth. The two measures used in the geographic coordinate system are
called latitude and longitude.

Latitude Longituds -

Eq_l{ator

Meridian

P&ra,l!el

Latitude Longitude

Fig 2.2: Latitude and Longitude
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Lines of latitude or parallels are drawn parallel to the equator (shown in red) as
circles that span the Earth's surface. These parallels are measure in degrees (°).
There are 90 angular degrees of latitude from the equator to each of the poles.
The equator has an assigned value of 0°. Measurements of latitude are also
defined as being either north or south of equator to distinguish the hemisphere of
their location. Lines of longitude or meridians are circular arcs that meet at the
poles. There are 180° of longitude either side of a starting meridian which is
known the Prime Meridian. The Prime Meridian has a designated value of 0°.
Measurements of longitude are also defined as being either west or east of the
Prime Meridian.

Latitude measures the north-south position of locations on the Earth's surface
relative to a point found at the center of the Earth. This central point is also
located on the Earth's rotational or polar axis. The equator is the starting point
for the measurement of latitude. The equator has a value of zero degrees. A line of
latitude or parallel of 30° North has an angle that is 30° north of the plane
represented by the equator. The maximum value that latitude can attain is either
90° North or South. These lines of latitude run parallel to the rotational axis of
the Earth.

Fig. 2.3: Measurement of latitude and longitude

Measurement of latitude and longitude relative to the equator and the Prime
Meridian and the Earth's rotational or polar axis.

Longitude measures the west-east position of locations on the Earth's surface
relative to a circular arc called the Prime Meridian. The position of the Prime
Meridian was determined by international agreement to be in-line with the
location of the former astronomical observatory at Greenwich, England. Because
the Earth's circumference is similar to circle, it was decided to measure longitude
in degrees. The number of degrees found in a circle is 360. The Prime Meridian
has a value of zero degrees. A line of longitude or meridian of 45° West has an
angle that is 45° west of the plane represented by the Prime Meridian. The
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maximum value that a meridian of longitude can have is 180° which is the
distance halfway around a circle. This meridian is called the International Date
Line. Designations of west and east are used to distinguish where a location is
found relative to the Prime Meridian. For example, all of the locations in North
America have a longitude that is designated west.

2.1.2 Scale: Distance on Maps

We have learned that depicting the Earth's three-dimensional surface on a two-
dimensional map creates a number of distortions that involve distance, area, and
direction. It is possible to create maps that are somewhat equidistance. However,
even these types of maps have some form of distance distortion. Equidistance
maps can only control distortion along either lines of latitude or lines of
longitude. Distance is often correct on equidistance maps only in the direction of
latitude.

On a map that has a l