		Chapter 1: Introduction






Learning Objectives in this chapter:
· Define what a GIS is, how and why we use it
· Identify types of GIS data and define GIS terms
· Give an overview of ArcGIS desktop and other GIS applications

Introduction to Geographic Information Systems

1.1  What is a GIS?

A Geographic Information System (GIS) is a computer-based system used to capture, store, analyze, manage and display geographic information.

It is useful to describe a GIS as a process instead of a thing. A GIS is a system that is comprised of 4 main components:

Hardware: The computers, GPS units, servers, drives and equipment we use

Software: The application used to visualize, manipulate, and store data 
(MoDOT utilizes ESRI’s ArcGIS products)

Data: Spatial data, tablular data, and metadata

Personnel: a thinking explorer who is the key to the power of a GIS

A GIS allows database information to be linked to map data.  It enables a map to be more intelligent than just giving us the answer of where. We can now answer: Who, What, When, Where, Why and even How.




1.2  Why use a GIS?

Improve Organizational Integration
One of the main benefits of GIS is improved management of your organization and resources.  A GIS can link data sets together by common location data, such as addresses, which helps departments and agencies share their data. By creating a shared database, one department can benefit from the work of another.  Data can be collected once and used many times.

Better Decision Making

The old adage “better information leads to better decision making” is true for GIS. A GIS is not just an automated decision making system, but a tool to query, analyze, and map data in support of the decision making process.

Creating Maps

Making maps with a GIS is much more flexible than traditional manual or automated cartography approaches.  A GIS creates maps from data pulled from databases.  Existing paper maps can be digitized and translated into a GIS as well.

In summary, a GIS allows us to view, understand, question, interpret, and visualize data in many ways that reveal relationships, patterns, and trends in the form of maps, globes, reports, and charts.  A GIS helps you answer questions and solve problems by looking at your data in a way that is quickly understood and easily shared.

[image: geographic-approach1-lg.jpg]1.3  How do we use a GIS?

GIS uses a new concept of thinking called The Geographic Approach. It involves a new way of thinking and problem solving that integrates geographic information into how we understand and manage our planet.  We are able to create geographic knowledge by measuring the earth, organizing the data, analyzing and modeling various processes and relationships.  The Geographic Approach also allows us to apply this knowledge to the way we design, plan and change our world.
 (
Source: ESRI
)


There are 5 steps that we take in The Geographic Approach:

Step 1: Ask
What is the problem that we are trying to solve or analyze and where is it located?  What is my end goal?

Step 2: Acquire
What data will be needed to solve the problem and how will I acquire the data?

Step 3: Examine
Visually examine the data as well as reviewing how it’s organized, studying its metadata, and determining its relevance to meeting your goals.

Step 4: Analyze
Analyze the data. What classification methods will you use in analyses, or what symbology best fits the representation of the problems you are trying to solve or display? How will you represent your data? And by what means?

Step 5: Act
Sharing and presenting the information.  How will you display the results? Who is the audience? Will the information be displayed via maps, tables, charts, reports or graphs?  Are they to be delivered in print, or digitally via a network or website?

1.4  GIS Data Types

Two types of data are used in GIS and briefly described here.  A better understanding of these types of data will be learned throughout the various chapters and exercises in this book. 

[image: rastervector.jpg]Raster Data:  Spatial data model that is made up of rows and columns of equal sized cells.  Each cell contains an attribute value and location coordinates. Group of cells that share the same value, represent geographic features such as land cover types.
Vector Data:  A coordinate-based data model that represents geographic features as points, lines, or polygons.  Each point feature is represented as a single coordinate pair, while line and polygon features are represented as ordered lists of vertices.  Attributes are associated with each vector feature, as opposed to a raster data model, which associates attributes with grid cells.
1.5  ArcGIS Desktop Overview

There are various GIS software products available to the public and private sector.  MoDOT uses ESRI’s suite of ArcGIS products.  The main applications we will cover in this class will be sufficient for anything you will need to accomplish.  Those applications included ArcCatalog, ArcMap and ArcExplorer.

ArcCatalog

The ArcCatalog application helps you organize and manage all your GIS data. Tools are available to browse data, find geographic information, manage metadata, view datasets graphically and help setup the schemes for layering groups.

ArcCatalog organizes these contents into a tree view that you can work with to organize and manage various types of geographic information for ArcGIS Desktop.

ArcCatalog View
[image: ]

ArcCatalog can be run alone as its own application, or it can be accessed from within ArcMap as a window.


ArcMap

The ArcMap application provides tools to help users create visual displays of their data as well as to perform queries, analysis, work with tables, edit geographic data, create reports, and presentation quality maps.

ArcMap consists of many useful tools to work with geospatial data.

The geospatial data can be loaded into ArcMap and viewed in two different ways: Data View and Layout View.  In data view, the user can interact with the geographic information presented, and the map elements are hidden from view.  Most projects begin in this view, and continue to the layout view for final editing and production.  While in layout view, the user can incorporate a number of useful features such as scale bars and north arrows. These elements are crucial to map-making, and provide clients with appropriate reference information.

Data View
[image: ]





Layout View
 (
ArcCatalog 
Window
)[image: ]
ArcCatalog Window
[image: C:\Program Files\ArcGIS\DeveloperKit10.0\Icons\CatalogWindowShow32.png]
       ArcCatalog can be launched as a window from within ArcMap.  This is a new feature with the ArcGIS 10 version.  The window will open and dock on the right hand side of the screen as seen in Figure 1.3.  ArcCatalog may be opened by clicking on the icon that looks like a filing cabinet. 

 (
ArcToolbox Window
)ArcToolbox
[image: C:\Program Files\ArcGIS\DeveloperKit10.0\Icons\GeoprocessingArcToolboxWindowShow32.png]
[image: ]       ArcToolbox is an application that is either accessed through ArcMap or ArcCatalog and provides the tools for data conversion, coordinate system management, and map projection.  Other tools allow for import and export of such data as: Cad files, ArcINFO Coverages, Geodatabases, Shapefiles, Raster Images, and tables.

You can open ArcToolbox by clicking on the icon that looks like a red toolbox.
Licensing Levels

[image: C:\Users\hoskir\Desktop\Untitled-1.png]ArcGIS comes in 3 licensing levels, Basic, Standard, or Advanced (formerly ArcView, ArcEditor, or ArcInfo, respectively). Basic is sufficient for many of the things that we need to accomplish here at MoDOT.  Advanced is available as well but we have fewer licenses due to the high cost. This license level may be checked out for short periods, however due to the small amount available, others in MoDOT that require these licenses for their daily functions have the priority. Transportation Planning maintains MoDOT’s ArcGIS licenses.

The difference between them is that with each upgrade in license, there are more capabilities in the tools and analysis.

 (
ArcMap License
)You can tell what license you are using by opening ArcMap, left click on help and select
[image: ]About ArcMap.
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ArcGIS Explorer for Desktop

[image: ]ArcGIS Explorer is a free application to view data. You can download it for               free to your computer via the ESRI website.  http://www.esri.com/software/arcgis/explorer-desktop/download
ArcGIS Explorer allows you to explore, visualize, and share GIS information and can help you deliver data to a broader audience. ArcGIS Explorer is very similar to Google Earth-it’s fairly intuitive and easy to use for even the most inexperienced map reviewer.   Ready-to–use basemaps and layers are available online, and you can fuse your local data with map services to create custom maps and geopresentations.  You can also create layer packages through ArcMap, and send these to any individual who may not have ArcGIS installed on their computer.  All they will need to do is download the free ArcGIS Explorer to visualize your data.

ArcGIS Explorer Application
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ArcGIS Online

[image: ] (
The only requirement to view and utilize ArcGIS Online map 
service is the free download
 of the newest version of 
Microsoft SilverLight. 
http://www.microsoft.com/silverlight/
)ArcGIS Online provides a common platform to find, share, and organize geographic content and to build GIS applications.  Through ArcGIS.com, the Web interface for ArcGIS Online, you can access maps, apps, and tools published by ESRI and other GIS users, and share you own content with a broad community of users.
http://www.arcgis.com/home

ArcGIS Online Portal
[image: ][image: C:\Users\hoskir\AppData\Local\Temp\SNAGHTML65cfc0b.PNG]
 (
ArcGIS Online can be accessed from within ArcMap via the
File
 
>
 
ArcGIS Online within the main menu
)
ArcGIS Online Data Portal
[image: ][image: C:\Users\hoskir\AppData\Local\Temp\SNAGHTML6a2f6fd.PNG]

By using the Add Data button in ArcMap you can either add Basemaps items or Search ArcGIS Online for data.  You now need an online account to create maps online.   

ArcGIS Help
The help files with ArcGIS are quite good.  You can get to the help files in any one of the three ArcGIS applications.  Choose Help and select ArcGIS Desktop Help or hit the F1 key.

With a table of contents to the left and the main reading screen on the right, it’s pretty intuitive to navigate through the help page.

ArcGIS Help Screen
[image: ] 










ArcGIS Desktop Resource Center
The Resource Center can be accessed from the Help menu.  It will take you to a website that is authored by ESRI personnel and contains a plethora of information from ArcGIS users.  You can search for a topic in white papers, forums, information sites, and how to’s written by GIS users.  Online tutorials and videos are also housed on this site.

ArcGIS Resource Center
[image: C:\Users\hoskir\AppData\Local\Temp\SNAGHTML6aaf884.PNG]

Google Earth
Google Earth is a virtual globe, map and geographical information program that is maintained by Google and is available for free to use.  The native format of GE is the KML/KMZ format.  (KMZ being a compressed zip of KML files…) It is useful for sharing information with the public and is becoming a popular format to share files with people who do not have ArcGIS on their computers.  You can send someone a KML file and they can open it into Google Earth to view your data on their screens.  Microstation v8i SS2 can now export a KML file as well.  This file can then be brought into ArcMap.  It is essentially another way that you can bring DGN line work into ArcMap.  
Google Earth can be downloaded for free from this link:
http://www.google.com/earth/index.html

There are tutorials to help you get started within Google Earth available here:
http://www.google.com/earth/learn/

There are many people who believe that the imagery within Google Earth is the most up to date imagery.  This is not exactly true in all instances.  Google Earth acquires imagery from different sources that may have different resolutions applied, may have been taken in different times of the year (leaf on vs leaf off) and may have different dated imagery mosaicked together to form a seamless representation of the earth.  If you would like to know what the date on the imagery is that you are viewing, simply look at the bottom left hand corner of the screen to find the date.

Google Earth Interface
[image: ]
This imagery was taken on June 7, 2011.

Google Earth is free to use in distributing or sharing data commercially.  However, if you would want to create a brochure or any maps using Google Earth to sell, you may not do so without a professional license. 








1.6 GIS Terms

Geographical Information Systems utilizes terms that you may not be familiar with.  The following terms will be used frequently.  Also, you will find more terms and definitions in the glossary of this manual.

Aerial Photography: The use of high-resolution imagery to capture information regarding visible facilities and their locations.

ArcCatalog: Similar to Microsoft Explorer, users can use catalog to browse, manage, create and preview data.

ArcExplorer:  A free application that allows the viewing and printing of GIS data.

ArcGIS: A system created by ESRI (Environmental Systems Research Institute) that allows you to author data, maps, models on the desktop. It is the leading GIS software.

ArcMap: The primary display application of GIS data, which allows users to display, edit, query, analyze, chart and report information concerning the GIS data.

ArcView: The basic level of licensing for ArcGIS software.

Coordinate System: A way of looking at data, either based on a spherical plane by using latitude and longitude or a planar type of projection in x, y, z coordinates.

Data Frames:  Containers for Layers.  Data frames allow users to organize or group layers in a logical order such as, themes or geographical locations.

Dataset: Any collection of related data usually grouped or stored together.

Datum:  An ellipsoid shaped reference frame uses to locate features on the earth’s surface to measure surface locations.

Features: Objects such as cities, roads, counties defined by points, lines, polygons, and other closed shapes.

Geodatabase:  A collection of geographic datasets for uses by ArcGIS. There are various types of geographic datasets, including feature classes, attribute tables, raster datasets, network datasets, topologies, and many others.
Georeferencing: Data is reference to a location on the earth’s surface by using a coordinate system to locate real-world data.

Google Earth: A free application that allows the viewing of GIS data.

KML: A file format that is specific to Google Earth application.  It can be utilized within ArcMap.

KMZ: A compressed file format for multiple KML files.

Layers: A representation of spatial data.  Layers reference outside source data, such as tables and contain information about source location and symbolization.

Map Projection:  A method for converting the earth’s 3d surface to a map’s 2d surface.

Metadata: Supporting descriptive information about GIS data.   It contains information about projection type, source, date, etc.

[bookmark: _GoBack]Query:  a question asked about GIS data in a table.  Questions may be based on a single table or several tables.  Example: How many wetlands are in Boone County?

Raster Data: Spatial data model made up of rows and cells.

Spatial Data: Features that have location and attributes such as points, lines and polygons.

Vector Data: Represents each feature as a row in a table, and feature shapes are defined by x, y locations in space.



Page 1 - 10 
		
image2.jpeg
Five Steps of The Geographic Approach





image3.jpeg
Raster / Image





image4.png
Fie Edit View Go Geoprocessing Customize

&l @ =

Windows  Help.

Location: Database Connections imsuser_tmsprod @ghtmsip03 sde

BEBE

Catalog Tree.

5 3l Folder Connections
@\

& Toolboes
£ Database Servers
© £ Database Connections
3 Add OLE DB Comnection
3 Add Spaial Database Connection
3 envito_envprod@ghtmsipl3
£3 hoski_envprod@ghtmslp03
3 tmsuser tmsprod@ghtmsip03
3 G5 Servers

MS.6006_ODOW_MVW
MS.G00G_WORKZONE_LINE_FUTURE VW

() TMS.HL_SVRTY_INTRSCDAT_SDE
MS.HLSVRTY_RNG_DATA_SDE

[Z)TMSHP_LOGBOOK

[EJTMSINTERCHANGE POLYGON

() TMSITS DEVICE

[Z)TMS.MAP_ACCIDENT VW

() TMSMAP_POINT
[Z)TMS.MAP_POINT_HISTORY

() TMSMNT_LOGBOOK VW
[E)TMSMPO_POLYGON

[)TMS.NON_STATE _STRUCTURES
ET™s LSS

Type.

SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.
SDE Feature Class.





image5.png
Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help [ g3 @l & ] EEE® D Fe 2 i Editore
b $DAa it

Table Of Contents 2 x Catalog 2 X ArcToolbox.

BEEL) & ArcToolbox
B  Joeing
& B Misissippi and MissouriRivers BT T ki
-1 i ography Too
e & Conversion Tools
& Data Interoperabilty Tools
& Data Management Tools
& Editing Tools
& Geocoding Tools
& Geosttitcal Anslys Tools
& Linesr Referencing Tools
Adobe lustrtor C55 : HobieToos
arc9l_classdata lultidimension Tool
Archixport 20060619 : Network Analys Tools
ASCFILE L ParcelFabric Tools
atkinsl & Schemstics Tools
Backup & Servr Tools
Bentley  Spatial Analyst Tools
Bentley Award Submittal & Spatial Statistics Tools
Bentley Contract 2008 & Tracking Anslys Tools
Bentley PowerMap
bentley stuff
BidTabs
Big_Hom Scans
borlsnd
Budget Fiicil Report
bullall.
Buttons
Cadd Brochure
‘CADD SUPPORT COURSE INFORMAT
CADD Training Manual

Tiwmes gl

CEGRAPHI
chapter_data

Class Archive
Class Management
Class Prep Packet
ClassDatabase
Culvert Master 10182005

Digtalphotos

Dream\Weaver DHTML Menu Extensic
T <
‘ i ’

on the map layout by clicking a point or dragging a box 156413793 4470344 828 Meters




image6.png
Untitied - ArcMap -
File Edit View Bookmarks Insert Selection

QIODE B@E @ -

Table Of Contents

Geoprocessing  Customize  Windows  Help.

Mmb. DA e

2 x

Dpde a8 x

=l -l

Editor~

&8 e8
= £ layers
= 1 Misisppiand Misour Rivers
=1
v | ©@sme
= a
LI a ‘COUNTY
- o
N~
S
o
n
&

s Il

&

5

il

19

17

16

5

I

13

12

il

‘Adobe llustrator CS5
arcl_classdata

Archixport 20060619

ASCFILE

atkinsl

Backup

Bentley

Bentley Avard Submittal
Bentley Contrsct 2008

Bentley PowerMap

bentley stuff

BidTabs

8ig_Hom Scans
borlsnd

Budget Fiicil Report

bullall.

Buttons

Cadd Brochure

‘CADD Training Manuel
Cadenzs mNotes for CES
chackup
CEGRAPHI
chapter_dsts
Class Archive
Class Management
Class Prep Packet
ClassDatabsse
Culvert Master 10182005

Dell Machines
Digtalphotos
disim

P Evample.

‘CADD SUPPORT COURSE INFORMAT

Dream\Weaver DHTML Menu Extensic

’

[xoarooLonv @] [ueseas @l





image7.png
&




image8.png




image9.png
ArcTc

30 Analyst Tools

8 Analysis Tools

§ Etct

 Overlay

& Provimity

& Statistics

Cartography Tools

& Converson Tools

& Data Interoperabity Tools





image10.png
Advanced (Arcinfo)

Standard (ArcEditor)

Basic (ArcView)





image11.png
Help
@ ArCGIS Desktop Help
ArcGIS Resource Center

About ArcMgo...

About ArcMap

Get version, build,
other information
this application.

Snapping

referencin

and
about




image12.png
@ out et 103 for Do (01070 S

ArcGIS 10.2 for Desktop (01070)

ATCGIS 10.2 for Desktop (01070) Version: 10.2.0.3348
License type: Basic

Copyright ©1999-2013 Esri Inc. All Rights Reserved

View the ArcGIS 10.2 Copyright and Trademarks View our website: http: /fuvw.esri.com
View the ArcGIS 10.2 Acknowledgements

Esri® ArcCatalog™ 10.2.0.3348
Esri® ArcGlobe™ 10.2.0.3348
Esri® ArcMap™ 10.2.0.3348
Esri® ArcScene™ 10.2.0.3348

“This work s protected by copyright law and international treaties. Unauthorized
reproduction or distribution of this program, or any portion of it, may result in severe
civil and criminal penalties, and will be prosecuted to the maximum extent possible

under the law.





image13.png
)




image14.png
Explorer - My Defaut Map

Basemap imagen)

O [¢]
N\

Position 0°00°00"S 09007007





image15.png
4

Siverlight




image16.png
File | Edit View Bookmarks Insert Selection
O New. Ctri+N  f.
E5 Open.. cr+0 [ P
@ Save Ctri+s. o e
Save As..
Save A Copy...
Share As ,
Add Data ,
B signin..
B3 ArcGIS Online... N
B Page and Print Arcls Online
B0 print Preview... | nch the ArcGis Online
& Print.. dialog s0 you can access.
Export Map... | ata and open maps. Sign
in to ArcGIS Online to see
B Analyze Map..| data and maps you've
& Map Documer| Uploaded, as well as data
and maps in groups you
1gi-\Distrid pejong to
2 JAqis p.\Let




image17.png
v Signupnow Make a Map 0 ArcGiS for 1 Featured Videos
Developers




image18.png
®- I EEE

Add Dat:

Add Basemap...

Add Data From ArcGIS Online...
-

>
ag
8
a8
B8





image19.png
@ ArcGls

Search AcGiS Onine.

Featured

Aranged by Tite E

USA Counties

USA Critical Habitat

United States National Grid (USNG)

USNG i a standard that established 3
nationally consistent gid eference system. It
provides a seamless plane coordinate system
across jurisictional boundaries and map
e Detais Add
Thisayer presents the counties of the United
States in the 50 states, the Distict of
‘Columbis, and Puerto Rico.
e Detats_Add
ESF!
s layer displayscitcl habitat for
threstened and endangered species i the

q
United Staes,

3 Detais Add

USA Core Based Statistical Area [esqi
This Layer represents geographic enties,
defined by the US. OMB for use by Federal
‘agencies, based on the concept of a core rea
21 with a arge population nucieus, plus adacent

Detsiis_Add

USA Counties (Generalized) [esq]
This layer presents the countiesof the United
States n the 50 states and the Distict of
Columbia. This layer i available 3t 10 cost to
users with an AYCGIS Online subscription,

Festresenicey Detais_Add

USA Crtical Habitat American Crocodil
Crivcal habitat forthe Endangered American
Crocodiie

imagesenice by

a0 Detats_Add

43 Resuts

i





image20.png
[A] o

Home Options__ Resource Center

Welcome to the ArcGIS Help Library
Arects 10

Welcome to the help library for the ArcGIS system. This help library has been compiled to provide
comprehensive documentation for using all aspects of ArcGIS. The goal is to address the needs of a
number of key audienc
+ GIS practitioners who perform all types of GIS and image-based work including mapping, data
management, editing, analysis, and geoprocessing.
+ Developers who work with ArcGIS using .NET, Java, C++, Web programming APIs, SQL, and o on.
+ Administrators who install and manage the ArcGIS software, database administrators (DBAS) who
direct and manage large DBMS installations, and Web architects whose goal it is to configure and
‘administer Web server environments.

Library Audience
Essentials Library provides an introduction to GIS and ArcGIS. These All users.

topics provide a foundation for using ArcGIS in your daily work.

These topics are directed at all audiences and are useful for users who
are new to GIS or ArcGIS. This library is also very helpful for seasoned
ArcGIS users.

Brofessional Library provides comprehensive help topics for GIS GIS professionals
professionals and covers all aspects of using the ArcGIS system and many
of the most common GIS workflows.

ArcGIS includes a series of Developer SDKs, which can be accessed from | GIS developers
the ArcGIS Resource Center. Each SDK has a help library that provides

help topics for programmers and application developers who work with

ArCGIS to write add-ins and custom ArcGIS applications.

Administrator Library provides guidance for configuring and managing | ArcGIS administrators,

ArcGIS installations, geodatabases, and Web-based ArcGIS systems. DBAS, and Web.
architects

About ArcGIS
ArCGIS provides a scalable framework for implementing GIS for a single user or many users on





image21.png
€50

arcgiscomy/ert

£ - ¢ | @nces

@ ArcIs Resources

Fle Edit View Favorites Tools Help

Ji 55 GI5-CADD Wik | ] cADD Moodie [] Design [7] capp ] ais [5) suvey [ cadd vens TesT

ArcGIS Resources

[P —

Help  Blog  Forum:

Popular Communities Al Communities >
Find maps and applications, blog posts, forum threads, videos,
documentation, and tweels for your communty.

Desktop 0 Flex Android
Server Analysis = JavaScript  * i0S
Local Imagery  * Siverlight Python
Government

ArcGIS for Desktop
Gis P

uding P

ArcGIS for Server

ArcGIS Online Signin Engish «

@esri

ArcGIS 10.3 is
Here!

[T p——
dovice, anywhore, with ACGIS 103
Bogin exploring o now communites
o

ArcGIS for Desktop »
ArcGIS for Server»

More Preparing Data Workshops Added to the
Calendar

AN oergs of e web-recevea Preparng atafor Communey
Waps Worksnop have been added 0 e scheculel e have

ArcGlS for Developers.

dd oo nppa—





image22.png
Fie Edit View Tools Add Help

FiyTo | FindBusesses

Fyto

(f’ﬁgl('

Imagery Dats: 6/7/200 1. 2 1991 0, 36°35 16 163N, 92°10'37.69" W slew 5371 Eeait 351811

©2012/Goog]e)





