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PART A : Intro to GIS



• GIS is a computation system capable of assembling, storing,
manipulating, and displaying geographically referenced
information (that is data identified according to their locations).
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What is GIS?

The total GIS

Practitioners also regard the 
total GIS as including operating 
personnel and the data that go 
into the system. 

Why GIS?

4

Video: Courtesy: What Is GIS, 2016, ESRI

Cost Savings from Greater Efficiency

Better Decision Making

Improved Communication

Better Record Keeping

Managing Geographically



• Advantages of Geographic 
Information Systems:
• Better decision making 

through spatial data 
analysis

• Greater Efficiency 
reducing Cost, Time, 
Resource

• Improved communication 
though mapping 
(paper/web)
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Why GIS?

(“P. Longley”)
“Almost everything that happens, happens somewhere”

Image Courtesy: GIS—The Geographic Approach, ESRI

GIS can answer all the basic 
question regarding to any problem-

What? Where? When? Why? Who?
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Where GIS is used?

Image Courtesy: GIS—The Geographic Approach, ESRI
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Where GIS is used?

Geology, Natural Resources

Geological mapping, mining, water resources, costal

zone management, etc..

Agriculture

Land use and rural planning, water and irrigation

management , precise agriculture (optimizing

agricultural production)

Environment

Environmental monitoring and management

Forestry

Forest management, harvesting, reforestation

Disaster risk management

Vulnerability, Hazard, Risk Assessment

Preparedness, relief/emergency response, recovery,

reconstruction

Navigation

Aerial, marine, terrestrial transportation

Public services

Urban and territorial planning, municipal facilities

inventory: water, oil, electric power, sewer,

transportation network

Epidemiology and health

Mapping diseases and spatial epidemiology analysis

(link to human and environmental factors)

Archeology

Archaeology and world heritage mapping, spatial and

temporal GIS modeling

Social studies

Demographic analysis and mapping

Tourism

Tourist's travel plans, itinerary mapping, local economy

studies

Market studies

Market and sale performance analysis, logistic, good

delivery and storage
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The First Use of GIS -1854 Broad Street 
cholera outbreak

The September 1854 cholera outbreak was centered in the Soho district, close to Snow's house. 
Snow mapped the 13 public wells and all the known cholera deaths around Soho, and noted the 
spatial clustering of cases around one particular water pump on Broad Street.  He 
examined water samples from various wells under a microscope, and confirmed the presence of an 
unknown bacterium in the Broad Street samples. Despite strong scepticism from the local 
authorities, he removed the handle from the Broad Street pump and halted the outbreak.

Original Mortality Dot Map Created By John Snow

Map of cholera outbreak in London



PART B :Spatial Data Representation

The potential number of properties
(attributes) of geographic objects can
be extremely vast:

• Attributes can be physical, social, economic,
demographic, environ., etc..

The more closely we look at the world,
the more details it reveals:

• The geographic world is infinitely complex.

Humans have found ingenious ways of
dealing with this problem:

• Many methods are used in GIS to create
representations orr Dataa Models as abstractions of
real-world phenomena.

Representing Geography



• Discrete Objects: objects with well defined boundaries:
• Points, lines and areas

• Countable

• Likely persistent through time

• Continuous Fields: properties that vary continuously

over space:
• Value is function of location (single value at any point)

• Property can be of any attribute type (slope, gradient, peak, soil 
moisture, pH, water depth, temperature, etc..) 

Discrete Objects and Continuous Fields

Vector Data Model

Used to represent discrete

objects as points, lines, and areas

Point locations recorded as

coordinates (e.g. trees)

Lines as polylines

• Straight lines between points (e.g. roads)

Areas as polygons

• Straight lines between points, connecting 
back to the start (e.g. buildings)
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Which Type of Vector Data model to use 
where?

Point/Line/Polygon ??

Depends on what you want 
to show 
or 
what is the purpose of the 
visualization

Raster Data Model

Commonly used to represent continuous fields:

real-world phenomena divided into square cells

Whole geographic area is divided into grids

of small cell/pixel

One pixel has one value

Represent discrete objects as collections of one

or more cells

Represent fields by assigning attribute values to

cells



Raster data model

digital images (satelliteg g (
images and scannedg

maps) = raster format

pixel = smallest unitpixel  smallest uni
of a digital image 

Example Raster Data Model

GIS data models - Vector Vs Raster 

Computing resource usage

• Raster becomes more voluminous as cell size 
decreases, and vector data gets slow to 
process and display in any GIS with the 
increase of number of features

Source of data

• Remote sensing, elevation data come in raster 
format

• Vector favored for administrative data

Software

• Some GIS better suited to raster, some to 
vector

Purpose

• Vector can be converted to raster vie-
versa depending on the outcome and 
analysis needs



Let’s do it together -
• Get Familiar with ArcGIS software 

components/interface
– ArcMAP

» Load Vector and Raster Data
» Change color and symbology
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DEMO SPATIAL DATA REPRESENTATION

ArcMap

PART C :Datum, Coordinate 
Systems and Map Projections



What is geolocation and how its done?
• Geolocation is the identification of 

the real-world geographic location of 
an object 

• Most common way of representing 
location is using coordinates 
(Lat/Long, Northing/Easting)

• Can be done through geocoding 
(Address , street name)
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GEOLOCATION

Geocoding also finds associated geographic coordinates (often 
expressed as latitude and longitude) from other geographic data.
So we need to know how coordinates are generated to give a 
specific location on earth.

Defines where the feature or object is located on earth

A coordinate grid as reference system is required to specify the

position of features on the ellipsoidal surface.

• Within a geographic coordinate system, a point on the

surface of the ellipsoid can be uniquely described by two

variables:

– The "latitude" (abbreviation: Lat., φ, or phi) of a point on the Earth's

surface is the angle between the equatorial plane and the straight

line that passes through that point and is normal to the surface of a

reference ellipsoid which approximates the shape of the Earth

– The "longitude" (abbreviation: Long., λ, or lambda) of a point on the

Earth's surface is the angle east or west from a reference meridian

to another meridian that passes through that point.

Geographic Coordinates Systems

http://astro.unl.edu/classaction/animations/coordsmotion/longlat.html
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Projected Coordinates Systems

A projected coordinate system (PCS) is 
defined on a flat, two-dimensional surface 
which is generated through map 
projection.

Projected coordinate systems, which are 
based on Cartesian coordinates, have an 
origin, an x and a y axis, and a unit for 
measuring distance. 

Why Geographic Coordinate System is not sufficient?

Not easy to make measurements (distances, areas,

angles)

Most of the communication medium are 2D. Hence, the

representation of geographic coordinate system in 2D

space will give wrong idea about distance are and shape

of objects

A map projection uses mathematical formulas to convert 
geographic coordinates on the spherical globe to planar 
coordinates on a flat map.

PART D :Query in GIS



Query can be utilised to extract 
required information in GIS

•There are two main kinds of query -
• Non-Spatial Query ( Select by attribute)
• Spatial Query ( Select by location)
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QUERY IN GIS

The advantage of GIS 
database over a normal 
database is that, it can also 
select by the spatial 
relationship between objects

Attribute table

Geometry

S
P

A
TI

A
L 

D
A

TA

• Query by attributes are 
used in GIS to select a 
subset of features and 
table records based on 
their specified attribute. 

• Select By Attributes 
allows you to provide a 
SQL query expression 
that is used to select 
features that match the 
selection criteria
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Query by attributes

SQL STATEMENT    : “PopTotal” > 100000
Equivalent Human Instruction:
Find All the states having more than 100000 people



• Query by attributes are used in GIS to select a 
subset of features based on specific spatial 
relationships
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Query by location

Equivalent Human Instruction:
Find All the hospitals inside my area of interest

disjoint inside

intersects

contains meet

Spatial relationships between objects

• Attribute query and spatial query can be combined to 
get complex selections
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Combination of Query

Objective:
Find All the hospitals inside “Phnom Penh” Province

Query 1:
Find Province named “Phnom Penh”
Type = Attribute query

Query 2:
Find All the hospitals that are inside 
“area selected by Query 1”



Let’s do it together -
• In ArcMAP

• Load Vector Data
• Perform Select by 

Attribute
• Perform Select by 

Location
• Perform Combined 

Query
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DEMO QUERY

PART E :
Other Miscellaneous Tasks in GIS



• Conversion of a table with coordinates to vector file
• Perform overlay analysis tasks using geo-processing tools
• Demonstrate miscellaneous tips and tricks
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