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• In last few classes we understand about 
– Environmental science system
– How Environmental system works
– How human interaction changes the earth system

• We understand system (some).. We understand how to 
measure some parameters.. 

• Now, it is important how to present this information 
effective way to society includes, people, scholars, 
media, policy makers, etc.  

Why GIS?



Almost everything happens somewhere and in most cases, knowing where some 
things happen is critically important. 
Examples:

• Position of country boundaries
• Location of hospitals
• Routing delivery vehicles
• Management of forest stands
• Allocation of funds for sea defenses

Geographical Information Systems are a special class of information systems that 
keep track not only of events, activities, and things, but also of where these 
events, activities, and things happen or exist.
Geographic location is an important attribute of activities, policies, strategies, 
and plans.
Geographic problems involve an aspect of location, either in the information used 
to solve them, or in the solutions themselves.

What is GIS and why it matters?



What is GIS?

There are a number of definitions of GIS. Different groups of people (general public, 
planners, teachers, scientists) can find a different definition useful.  

Here are some of them:

• “GIS is much more than a container of maps in digital form”.
• “A GIS is a computerized tool for solving geographic problems”
• “GIS is a spatial decision support system”
• “GIS is a mechanized inventory of geographically distributed features and facilities”
• “GIS is a method for revealing patterns and processes in geographic information”
• “GIS is a tool to automate time-consuming tasks that are too tedious or expensive or 

inaccurate if performed by hand”
• “GIS is a collection of computer hardware, software, and geographic data for 

capturing, managing, analyzing, and displaying all forms of geographically referenced 
information.”

Text source: Longley et al (2005) Geographic Information Systems and Science. 2nd Edition. John Wiley and Sons Ltd. (Chapter 14, pages 317-319)



Hurricane Katrina









Global Threats to Human Water Security and River Biodiversity









Geographic Information Systems (GIS)

• Geographic information systems are used to provide information and knowledge data 
in various forms to help resolve complex resource questions such as:

– How does a community best use its natural resources?
– What is the best location for a highway, given specific environmental, social, and economic 

constraints?
– What will be the effect of locating a low-level hazardous waste disposal facility at a certain 

site?
– What areas are likely to have the highest soil erosion?
– What are the likely biological/physical impacts of global warming or ozone depletion?

• Geographic information systems are also enjoying greatly expanded application in 
business from siting retail stores, to real estate, logistics, and marketing. 

• Together, photogrammetry, remote sensing, and GIS offer numerous employment 
opportunities throughout the private, governmental, and academic sectors and across 
the globe.



Application of GIS

• Geospatial information is increasingly becoming the driving force for decision making across the local to 
global continuum. 

• Tasks as varied as:
– planning urban growth, 
– managing a forest, 
– implementing "precision farming," 
– assessing insurance claims, 
– siting an automatic teller machine, 
– routing 911 vehicles, 
– drilling a well, 
– assessing groundwater contamination, 
– designing a cellular phone network, 
– guiding "intelligent" vehicles, 
– assessing the market for manufactured goods, 
– managing a city, operating a utility, 
– improving wildlife habitat, 
– monitoring air quality, 
– assessing environmental impact, 
– designing a road, 
– studying human health statistics, 
– minimizing water pollution, 
– undertaking real estate transactions, 
– preserving wetlands, 
– mapping natural hazards and disasters, 
– providing famine relief, or studying the causes and consequences of global climate change, can be greatly 

enhanced by the use of some form of geospatial technology. 
• The pioneers, builders, and specialists in geospatial information collection and management are trained 

in such fields as photogrammetry, remote sensing, and GIS.



Application



GIS Data



Overview





Implementing "precision farming”





New Delhi Urban Growth



Forest Fire



Forest Fire Impact











Floods



Insurance



National Flood Insurance Program



Identify Optimum ATM Locations



911 - GIS Integration



Oil Well Drilling - finding optimum location



Groundwater Contamination



Groundwater Contamination



Groundwater Contamination





Air Quality



Human Health











Guess?







• http://www.highcharts.com/maps/demo
• https://cartodb.com/
• https://www.mapbox.com/
• http://www.flashearth.com/
• http://www.naturalearthdata.com/

Online tools

http://www.highcharts.com/maps/demo
https://cartodb.com/
https://www.mapbox.com/
http://www.flashearth.com/
http://www.naturalearthdata.com/downloads/


Introduction to Maps



• A map is any concrete or abstract representation of the 
features that occur on or near the surface of the earth 
or other celestial bodies

• Cartography is the art, science, and technology of 
making maps, together with their study as scientific 
documents and works of art

What is a map?



• A real map (cartographic map) is any tangible map 
product that has a permanent form and that can be 
directly viewed (hard copy)

• Virtual maps do not physically exist, but can be 
converted into hard copy

Maps can be real or virtual



• Images that can be directly viewed but aren’t 
permanent (e.g. on a computer screen)

• Mental images (mental maps)
• Map data – information gathered by researchers or 

remote sensing that is stored in tabular form (but may 
be viewed as an image)

Types of virtual maps



Mental Image



Non-permanent map



• Titles 
• legends
• Neat line
• Scale
• Orientation
• Insets

Common Map Elements



• Title (and subtitles) indicates the purpose for which a 
map was created
– Should state the subject of the map, time period & other 

relevant information
• Legends show map symbols and explain their meaning
• Names of the feature types on the map
• Source of information

Typographical Information



Typographical example

Title

Legend

Data source



• A neatline is a narrow line that frames the mapped area
• A border is similar to a neatline but is typically more 

elaborate (may have single or double lines or designs)
• Not all maps have neatlines
• The presence of a neatline is not essential, but it makes 

the map look nice

Neatline



Neatline example

Neatline



• Scale is the ratio between the size of features on the 
map and the size of the same feature on the ground

• Scales can be…
– Representative fraction: 1:24,000
– Word statement: “One to twenty-four thousand”
– Graphic scale: 

Scale

10 km



Scale example

scale



• Orientation is the way that the map is aligned relative 
to the earth’s surface

• Typically (but not always) oriented with north at the top
• North is usually shown with a north arrow

Orientation



Orientation example

North arrow



• Insets are small additional maps included in the main 
map
– Enlargement of the portion of the mapped area
– Locator map, showing where the mapped region lies in 

relation to a larger, better known region
– Areas that are related to the main map (e.g. Alaska, Hawaii, 

etc.)
– Additional information

Insets



• Insets often include their own legend, scale, 
orientation, and other features as needed

Inset example



1) Planimetric Maps
2) Topographic Maps
3) Thematic Maps
4) Cartograms
5) Remotely sensed images

Map Categories



• Planimetric maps do not show relief features (e.g. 
elevation)

• Planimetric base maps are used to provide the 
framework for thematic maps (which present 
information about some special subject)

Planimetric Maps



Planimetric example



• Maps that show shape and elevation of terrain are 
called topographic maps
– Ex: Engineering maps, flood-prone area maps, landscape 

maps, etc.

• Maps that show water depth and the configuration of 
underwater topography are called bathymetric maps

Topographic Maps



Topo example



• Show information about special topics superimposed 
on a base map

• Types of thematic maps include geologic, forestry, soil, 
land-use, slope, and historical

Thematic Maps



Thematic Maps



• Data may be represented by:
– Dot-distribution maps
– Choropleth maps
– Isoline maps
– Flow maps
– Other symbols (e.g. proportional circles, bar graphs, etc.)

Thematic Map Data



• Cartograms are created by substituting a different 
standard of measurement (time or cost, for example) 
for the distance measurements customarily used.

• This modifies size, shapes, and distances

Cartograms



Thematic map example



Cartogram example2



• Will discuss in near future
• Major types are

– Aerial photographs
– Satellite images

Remotely sensed images



Tabular Data



GIS Database Acquisition,
Creation, and Editing; and
Analytical Processes



How can GIS databases be acquired?

•  Over the Internet (free)
•  Through an "ftp" connection (free)

•  From another organization (free?, on tape, CD, or ftp)

•  From a consultant ($$, on tape or CD)

• Create a database in house

GIS Database Acquisition



•  GIS database requested (theme)
•  Location (Township/Range/Section, Topographic quad index number (or name))
•  File format (e.g., Spatial Data Transfer Standard (SDTS), ArcInfo export format)
•  Map projection / coordinate system / datum
•  Delivery method (CD, tape, e-mail, FTP, etc.)
•  Database compression format (None, Zipped, MrSID, TAR, etc.)
•  Billing information
•  Product license agreements

Information Associated with a GIS Database Acquisition 

GIS Database Acquisition



http://www.fs.fed.us/gpnf/forest-research/gis/

Vector GIS databases are available in ArcInfo (ESRI, 2001) export format.
Databases can either be downloaded directly from this web site, or obtained 

on a compact disc or 8 mm tape, yet the cost of obtaining the data by this 
method is $40.  

Some metadata related to each GIS database can be accessed through this web site.

The data related to the forest trail system, for example, indicates:
The source scale was 1:24,000.
It was last updated in 1999.
The projection system is Transverse Mercator, using the Clarke 1866 spheroid.
The coordinate system is the UTM system.
The datum is NAD 27.  
The data units that GIS users will see are represented in meters.

Example Internet Sites  - Gifford Pinchot National Forest (Washington State)

GIS Database Acquisition

http://www.fs.fed.us/gpnf/forest-research/gis/


(1)  Traditional digitizing

(2)  Heads-up digitizing

(3)  Scanning

(4)  As a result of spatial analysis operations

How can GIS databases be created?

All GIS data must be converted to a digital form.

GIS Database Creation



Digitizing: the conversion of spatial information to computer-readable form.
Can account for 60% or more of the time and energy spent on GIS. 

(1) Traditional method using a digitizing table.
Requires registration locations (tics)

GIS data sources

GIS Database Creation
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GIS data sources

GIS Database Creation



GIS data sources

Tic Mark

GIS Database Creation



(2) "Heads-up" method (on-screen digitizing).

GIS data sources

GIS Database Creation



(3) Scanning.
• Not as precise
• Not as accurate
• Requires registration locations (tics)

GIS data sources

GIS Database Creation



Where are the thinnable stands?

Age ≥ 30 and Age ≤ 40 Age ≥ 30 and Age ≤ 40 and MBF ≥ 9

Queries

GIS Analytical Processes



Queries

Structured Query Language (SQL)

• Uses standard operators 
• e.g.  =  >  <  +  - *  
• “and”  “or” “not”

• Standard order of operations
• add/subtract before multiply/divide
• use parentheses to “isolate” terms

Example:
Select stands greater than 30 acres with grass understories and
a mean quadratic diameter less than 20 inches.

Query for above:
(area > 30) and (understory = “grass”) and (QMD < 20)

GIS Analytical Processes



Defining closed areas (polygons) within a certain distance of selected
landscape features:

• What do the riparian buffer zones look like?

• How far around an owl nest location is 70 acres?

• What do the visually sensitive areas around trails encompass?

Buffering

GIS Analytical Processes



Buffering streams

Buffering

Before buffering After buffering

GIS Analytical Processes



Processes involving two (or more) layers:

Merging is a simple overlay process that combines
two or more layers into one.  It leaves overlapping 
regions and does not create new attributed polygons 
where there is overlap.

Three overlay processes are considered here:

• Union

• Intersect

• Identity

In contrast to a simple merge, each of these
operations will produce a new layer with unique 
combinations of the input database polygons.

Overlay Operations

GIS Analytical Processes
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