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Preface
The Geographical Information System (GIS) is a computer system used for the storage, analysis,

and display of geographic knowiedge, which is represented using a senes of geographical

referenced information. In Palestine, GIS is basically used to build maps for illustrative purposes
only very limited attempts have been recorded for the use of GIS as an analysis tool yet several

efforts are now in the atmosphere to introduce the Program for this intention. Of these

initiatives are the activities that fall under the framework of the Tempos project funded by

European Commission, which included the preparation of this tutorial which came as a result of

several years of practical experience and application targeting undergraduate students in the

fields of geography, civil engineering and water and environmental sciences.

Many of the terms and concepts introduced in this book have been compiled from a variety of

different sources that were further enriched with examples that have been tailored to introduce

procedures and analysis techniques designed specifically from the local settings. The exercises

include step-by-step instructions that are thoroughly annotated. The book comes with a

companion CD-ROM that includes the files and folders necessary for hands on application.

Divided into six chapters the book covers a variety of different issues each followed by a number

of questions and assignments including: Introduction to the Geographical Information System

describing the hardware and software components of the Program, GIS Data Models and Quality

illustrating data types, formats, quality, models, and sources, Coordinate Systems and Map

Projections explain a variety of Georeferencing techniques, Visualization of Spatial Data and

Map Cartography, Querying and Editing GIS Datasets introducing a range of functions available

n the software and the essential tools for visualizing, creating, editing, managing, and analyzing
geographic data and an Introduction to Geoprocessing analyzing
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Introduction to the Geographical Information System

1.1 The Concept Behind the Geographical Information System

1.1.1. Introduction

Geography has been historically used as a language for organizing and communicating the key
concepts about the globe. Geographical maps were produced to represent the natural features
of the world. As a result, the Geographic Information System (GIS) technology is evolving to
provide a critical tool to understand, represent, manage, and communicate the many aspects of
physical and human landscapes and to better understand the Earth as a system.

GIS is a computer system used for the storage, analysis, and display of geographic knowledge,
which is represented using a series of geographically referenced information. The power of GIS
comes from its ability to relate different information in a spatial context and to reach a
conclusion about this relationship. GIS and spatial analyses are concerned with the absolute and
relative location of features, as well as the properties and attributes of those features.

For example, most of the information we have about our communities contains a location
reference, placing that information at some point on the globe. If a building permit is issued it
may be useful to know where the house may be located. This can be done by using a location
reference system, such as longitude and latitude, and perhaps elevation. Comparing the building
permit data with other information, such as the location of roads, may show that certain roads
may expect increased traffic. This fact may indicate that these roads are likely to be congested
which can help us make the most appropriate decisions about improvements to the road
system. GIS, therefore, can reveal important information that leads to better decision making.

GIS operates on many levels. On the most basic level, GIS is used for computer cartography, i.e.
mapping. GIS also uses spatial and statistical methods to analyze attribute and geographic
information. The end result of the analysis can be derivative information, interpolated
information or prioritized information.

1.1.2. GIS Components

A GIS system is a combination from a set of five elements: software, hardware, human
resources, datasets as well as a set of organizational methods, procedures and protocols, Figure
1.1. In order to create a successful GIS system; these GIS elements should be well integrated.
The selection of software and hardware elements is easy since the market has an abundant
variety of GIS software and hardware brand names while data collection and organization,
personnel development, and the establishment of protocols and methods for the use of GIS are
often more difficult and time-consuming endeavors.

Geographical Information Systems for Undergraduate Students
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1.1.3. GIS Hardware
□nnlied over large areas and/or at

In general, GIS uses a huge amount of spatial J Specifications; including a high

high spatial resolutions. Therefore, a PC• comJ c citieS; and high-resolution display is
speed processor, large memory size and data g P a|so required for
considered the main GIS hardware advantage. Other

building a GIS system such as:

! input devices such es digitizers .nd scanners which are used for converting the data

that is available in the form of maps and documents into digital •
2 Xpositioning Svs.em (GPS) which is used to register the spatial coordinaus

and elevation of an observation point from the field and transfer them to

3. Output devices such as printers and plotters which are used to present the data

processing results.
4. Data storage devices which could be external hard disks, media disks or network

servers.

1.1.3.1. GIS Software

There are two types of software packages used in GIS systems. The first is the software that
provides the functions and tools required to store, analyze, display and disseminate geographic
information. Today, there are many public domain and commercially available GIS software
packages. Most of the commercial packages originated at academic or government-funded
research laboratories (e.g. ArcGIS). The second type is classified as an accessory software
package which is used to facilitate the transfer of data to the GIS system. Examples of these
software packages are:

1. Word processing software (e.g. Microsoft Word) which is used to write Metadata
and support the documentation of a GIS dataset.

2. Software that develops extensive data tables containing database information (e.g.
Microsoft Excel or Access).

3. S„nS±are Wh.iCh “““ be U“d “ d'eltile Images or to
translate raster scans to vector coverages.

1.1.3.2, Human Resources

to analyzeTnd solveadvanta8e °f GIS's abilitV

specialists who design and maintain the system to th"130 e*Pertise in GIS ran6es from technical
everyday work. They may inc|ude G|VS °those W ° use * help them perform their

'peciahsts, systems analysts, and programmers In sum administrat°rs, application
-wers, general use^s, a^^G^S specL7i^s^s deTcribe^below^ W'^ Can

1 dX7fo7rXmX^tmeria|GIS °"ly need browse a geographic
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2. General users are people who use GIS to conduct business, perform professional
services, and make decisions. They include facility managers, resource managers,
planners, scientists, engineers, lawyers, business entrepreneurs, etc.

3. GIS specialists are the people who are responsible for the maintenance of the
geographic database and the provision of technical support to the other two
classes of users.

1.1.3.3. Data

Data is the most important component of the GIS system. All operations and analyses within the
system rely on the data; therefore, a complete and accurate dataset of any spatial location is the
key issue for reaching the accurate solution to a real state problem. There are three data
process stages within GIS: the first is the data collection stage from different sources and in
different forms of maps and images, tabular data or surveys. The second is the data entry and
manipulation stage while the third includes data processing and analysis.

The data collection stage is the most time consuming and costly phase of initiating a GIS
database, during which the quality of the data should be the considered:

1. The description of the source material from which the data were derived and the
methods of derivation including all transformations involved in producing the final

digital files.
2. Positional accuracy which means the closeness of an entity in an appropriate

coordinate system to that entity's true position in the system.
3. The accuracy of the additional attributes that describe some facts about the

location (e.g. name of location, elevation, slope, area, etc.).
4. The logical consistency which deals with the logical rules of structure and attribute

rules for spatial data and describes the compatibility of a datum with other data in

a dataset.
5. Completeness of data, to check if there is any missing data with regards to the

features and their attributes.

1.1.3.4. Methods and Procedures

The GIS tasks are based on a series of methods and best practices such as map generation, data
editing, analysis and modeling, visualization and information management. A key aspect of
successful GIS use is the development and application of a series of implementation plans, rules
and procedures.

These plans and rules require not only the necessary investments in hardware and software, but
also in recruiting and/or hiring of personnel to utilize the new technology in the proper way.
Procedures include how the data will be retrieved, input into the system, stored, managed,
transformed, analyzed, and finally presented in a final output form. The procedures are the
steps taken to answer the question that needs to be resolved. The ability of GIS to perform
spatial analysis and answer these questions is what differentiates this type of system from any
other information systems.

Geographical Information Systems for Undergraduate Students —
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GPS

Figure 1.1: Flow chart of the GIS components

1.1.4. GIS Views

One of the strongest features of GIS is that it combines a powerful visualization environment
with a strong analytic and modeling framework that is rooted in the science of geography. To
support this advantage, GIS needs to support three views for working with geographic
information: Geodatabase, Geovisulization and Geoprocessing, Figure 1.2.

Models

Geoprocessing

Maps

Geovisualization

Databases

Geodatabase

Figure 1.2: Three views of GIS used for working with
elements of geographic information
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I.I.4.I. Geodatabase View

Geographic information can be represented by different types of spatial datasets including
feature datasets, raster imagery, attribute tables and so on. GIS provides the ability to store
different types of datasets that can be easily accessed, managed and manipulated, Figure 1.3.

(a) Feature classes

On Attributes of West_Bank_Di... [□)[><]

FID Shape ’ Code area flame a

8 Polygon 1 33A Jerusalem

7 Polygon 2 831 Ramallah >
3 Polygon 3 607 Nablus i

10 Polygon A 1043
l^bron

1 Polygon c. 243 7 ilka rem

9 Polygon 6 616 B rthlehem

0 Polygon 7 582 Ji nin
“ 5 Polygon 8 634 J ncho

6 Polygon 9 202 S lift

<
■> Pnlvnnn in 37A T ihAft

>

Record: l<| 4 ||~ 0 ► I M Show:

[HI Attributes of West.Bank_Districts_Details |T"|[□![x]

< I ' >
Record: l<| <J| 0~ ►J►!] Show: | All Selected | Records (1

DID Code • DISTRI No.Communl Population Hholds vgJ.SIz a
4 Jerusaie n 51 113696 19013 3.7

2 Ramallah 60 205448 34765 r 5 24
c 1 liabius 73 251392 42935 5 5

1 i Hebron 156- 390272 57682 6.8$

10 c Tulkarem 42 129030 22324 577

0 6' Betlehem 71 132090 22743 6.34 ■

2 7 Jenin 96 195294 32895 6.06

__3 __8 Jericho 16 31501 5120 6,CV

(b) Attribute tables

Geographical Information Systems for Undergraduate Students
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Figure 1.3: Different types of GIS datasets

Cell Property Cell Color

1 Trees Green

2 Crops Blue

3 Sand Yallow

4 Forst Red

1.1.4.2. Geovisualization View

GIS is a set of intelligent maps and views that illustrates features and feature relationships on
the Earth's surface. Various map views of the underlying geographic information can be
constructed and used as "windows into the database" to support queries, analysis, and editing

of the information, Figures 1.4 & 1.5.

Geographical Information
Sterns for Undergraduate
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Figure 1.5: ArcGIobe interface

GIS maps are characterized by:

1. Multiscale maps: that can automatically display information at the appropriate level of
detail by zooming in and out on the map; from a global view down to a street level or

city-block view.
2. Interactive maps: since the user can work with information ad hoc and add new layers

of information as they become available.
3. A GIS map has a set of tools as part of the user interface that allows users to work with

its contents. Capabilities can vary from common map query and identification tasks, to
advanced geographic analysis tasks.

4. GIS maps come in many applications and map sizes and can be deployed as Web maps,
3D maps, specialized map applications, and mobile maps in the field.

1.1.4.3. Geoprocessing View

GIS is rich with information transformation tools that derive new information from existing
datasets. These geoprocessing functions take information from existing datasets, apply analytic
functions, and write results into newly derived datasets.

Geoprocessing is the methodical execution of a sequence of operations on geographic data to
create new information. This can range from performing simple tasks such as converting a
number of files from one format to another to create a sophisticated analytical model that helps
the user understand and solve important scientific problems, Figure 1.6.

Geographical Information Systems for Undergraduate Students
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Figure 1.6: Sophisticated analytical model

1.1.5. GIS Software

of the GIS software packages used in Palestine are.

I.I.5.I. ArcGIS

ArcGIS is the most widespread GIS software in Palestine. It is a comprehensive, integrated
scalable system designed to meet the needs of a wide range of GIS users. ArcGIS was develope
and distributed by the Environmental Systems Research Institute, Inc. in Redlands, California. It
is an integrated collection of GIS software products for building and deploying a complete GIS
package wherever it is needed, on desktops, servers, in custom applications over the Web; or in

the field.

1.1.5.2. GeoMedia

GeoMedia is a product of Intergraph, Inc. in Huntsville, Alabama. GeoMedia offers a complete
set of data entry, analysis, and output tools. A comprehensive set of editing tools may be
purchased, including those for automated data entry and error detection, data development,
data merging, complex analyses, and sophisticated data display and map composition. Scripting
languages may be obtained, as well as programming tools that allow specific features to be
embedded in custom programs, and programming libraries to allow the modification of
GeoMedia algorithms for special-purpose software.
GeoMedia also provides a comprehensive set of tools for GIS analyses. Complex spatial analyses
may be performed, including queries, e.g., to find features in the database that match a set of
conditions, and spatial analyses such as proximity or overlap between features. Worldwide web
and mobile phone-based applications and application development are well supported.

I.I.5.3. Mapinfo

b, .be Map-Info

aplnfo o(fe,s comprehensive solutions for business end commercial 

S'06'*"1 Undergraduate Students  
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analysis applications including site location, customer analysis, telecommunications, and real
estate. Mapinfo has also found a footing in natural resource applications such as mining and
forestry. Mapinfo continues to advance the capabilities of the desktop GIS environment and is
now offering complete enterprise solutions

1.1.5.4. IDRISI

IDRISI is a GIS system developed by the Graduate School of Geography of Clark University in
Massachusetts. IDRISI differs from the previously discussed GIS software packages in that it
provides both image processing and GIS functions. IDRISI offers the functionality on image data
collection, manipulation, and output in addition to providing a large suite of spatial data analysis
and display functions. It is relatively low in cost, perhaps because of its affiliation with an
academic institution, and is therefore widely used in education.

1.1.5.5. ERDAS

ERDAS (Earth Resources Data Analysis System) primarily began as an image processing system.
The original purpose of the software was to enter and analyze satellite image data. ERDAS led a
wave of commercial products for analyzing spatial data collected over large areas. Product
development was spurred by the successful launch of the U.S. Landsat satellite in the 1970s. For
the first time, digital images of the entire Earth surface were available to the public.

The ERDAS image processing software evolved to include other types of imagery, and to include
a comprehensive set of tools for cell-based data analysis. In addition to that, ERDAS provides
data output formats that are compatible with the most common GIS packages.

1.1.5.6. AutoCAD Map

AutoCAD was produced by Autodesk, Inc. in San Rafael, California and began as a drawing and
printing tool mainly used by engineers supporting a broad range of disciplines including
surveying and civil engineering. AutoCAD Map has a substantial analytical capability of the
already complete set of data input, coordinate manipulation, and data output tools. It also
provides a substantial set of spatial data analysis capabilities including entry, verification, and
output. Data may also be queried to search for features with particular conditions or

characteristics.

1.1.5.7. TNTmips

TNTmips is one of the main Microimage products for geospatial analysis. TNTmips is used for
geographic information analysis (GIS), advanced image processing (CAD), desktop cartography,
electronic atlas preparation, and other spatial database management and visualization

applications.

1.1.5.8. GRASS

GRASS is short for Geographic Resources Analysis Support System. It is an all in one raster-based
GIS, vector GIS, image processing, graphics production, data management, and spatial modeling

Geographical Information Systems for Undergraduate Students
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system. Also described as a public domain image processing and GIS system
developed by the U.S. Army Construction Engineering Research Laboratories

the late 1980’s and early 1990’s.

that was initially

(USACERL) during

1.2 ArcGIS Frameworks
ArcGIS provides a scalable framework for implementing GIS for a single user or many users on
desktops, in servers, over the Web, and in the field. ArcGIS is an integrated family of GIS
software products for building a complete system. It consists of four primary frameworks for

deploying GIS, Figure 1.7. » • o ______________

| ArcView

ArcMap

ArcCatalog

ArcToolbox1

ArcIMS ArcGIS DeskTop J ArcEditor

ArcMap

ArcCatalog

AjcGlSServer_ ServerGIS
ArcGIS Image ServerJ [ 1 1

1 Developer Arcinfo [

ArcToolbox

ArcMap

ArcCatalog

ArcToolbox

ArcPad
Mobile GIS

---------------- ArcGIS Mobile

Figure 1.7: ArcGIS software packages

I.I.5.9. ArcGIS Desktop

ArcGIS Desktop is the primary application used by GIS professionals to compile, author, and use
geographic information and knowledge. It is available at three functional levels; ArcView,
ArcEditor, and Arcinfo. ArcGIS Desktop includes an integrated suite of comprehensive desktop
applications: ArcMap, ArcCatalog ArcToolbox, and ArcGIobe. Each application has a rich set of
GIS tools and operators. ArcGIS Desktop can also be extended by purchasing a wide range of
optional extensions that add specialized capabilities, for example:

• The Spatial Analyst extension adds raster geoprocessing and modeling.
The 3D Analyst extension adds many 3D GIS capabilities and visualization applications.

1.1.5.10. Server GIS

Server GIS provides the basis for building an integrated, multi-departmental system for
collecting, organizing, analyzing, visualizing, managing, and disseminating geographic
information. Server GIS solutions are intended to address both the collective and individual
needs of an organization and to make geographic information and services available to both GIS
and non-GIS professionals. ArcGIS includes three server products-

Swems for UndereraauiK stodenu
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ArcIMS: A scalable Web mapping server for publishing maps, data, and metadata using open
Internet protocols. ArcIMS is deployed in tens of thousands of organizations and is used
primarily for GIS Web publishing, delivering data and map services to many users of the Web,
and hosting metadata catalog portals on the Web.

ArcGIS Server: A comprehensive Web-based GIS that provides a range of end user applications
and services for mapping, analysis, data collection, editing, and management of spatial
information. ArcGIS Server provides a cost-effective, standards-based platform upon which
ArcGIS Desktop users can easily publish and serve their geographic knowledge to the broader
organization. ArcGIS Server also includes the ArcSDE data management technology for managing
multiuser, transactional geodatabases using a number of relational database management
systems.

ArcGIS image Server: ArcGIS Image Server provides very fast access to large image collections
and significantly reduces the time between image acquisition and use. ArcGIS Image Server can
create multiple products dynamically as a Web service and supports image access by a range of

client applications.

. Mobile GIS

Wireless mobile devices enabled with global positioning systems (GPS) are used for focused data
collection, map use, and GIS access in the field. Firefighters, waste collectors, engineering crews,
surveyors, utility workers, soldiers, census workers, police, and field biologists represent a few
types of field workers who use Mobile GIS as a tool. ArcGIS provides a comprehensive suite of
Mobile GIS products that are designed for different applications and platform requirements.

These include:

ArcPad: provides a rich environment for the GIS-centric field worker on Windows CE-compatible

devices.
ArcGIS Mobile: a software development kit used to create and deploy focused mobile
applications for Smartphones, Pocket PCs, and Tablet PCs. These applications support wireless
synchronization with ArcGIS Server, GIS data replication, and editing.

Figure 1.8: Different examples of mobile devices that use GIS

Geographical Information Systems for Undergraduate Students
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1.1.5.12. Developer Network

developerThe ESRI Developer Network (EDN) is a
system for developing applications with ArcGIS.

environment and tools that enable developers to.

product that provides a comprehensive

EDN provides 3 unified programming

1.
2.
3.
4.
5.
6.

Embed GIS and mapping functionality in other applications.
Build and deploy custom ArcGIS Desktop applications and extensions.
Configure and customize ArcGIS products, such as ArcView, ArcEditor,

Extend the ArcGIS architecture and data model.

and Arcinfo.

Write custom applications using ArcGIS Engine.
Build Web services and server-based applications using ArcGIS Server and ArcIMS.

1.3 Desktop GIS: ArcView, ArcEditor, and Arcinfo

ArcGIS Desktop is the primary platform for GIS professionals to manage their complex GIS
workflows and projects and to build data, maps, models, and applications. It's the starting point
and the foundation to perform and deploy GIS across organizations. ArcGIS Desktop includes a
suite of applications including ArcCatalog, ArcMap, ArcToolbox, and ModelBuilder. Using these
applications and interfaces in unison, users can perform any GIS task, from simple to advanced.
ArcGIS Desktop is scalable and can address the needs of many types of users. It is available at
three functional levels:

1. ArcView: provides comprehensive mapping, data use, analysis, and visualization tools
along with simple editing and geoprocessing.

2. ArcEditor: includes advanced editing capabilities for shapefiles and geodatabases in
addition to the full functionality of ArcView. ArcEditor also includes the ability to
administer and use ArcSDE geodatabases in Microsoft SQL Server Express.

3. Arcinfo is a complete, professional GIS desktop containing comprehensive GIS
functionality, including rich geoprocessing tools.

1.1.5,13. ArcMap

data frame pr«ides?da'a ’nd **“ view' The

6 used '“7" -including cartography, map analvsis L pH'/ APnmary apphcatlon for all map based tasks

application for ArcGIS Desktop. ' ' rcMap IS a comprehensive map authoring

v»w. Figure 1.9. Wude't'he °d"t°f f”'” ’nd °ther elements in a ™P
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where map elements (such as one or more data frames, a scale bar, and a map title) are
arranged on a page.

Figure 1.9: Data frame in an ArcMap interface
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Figure 1.10: Layout frame in an ArcMap interface

1.1.5.14. ArcCatalog

The ArcCatalog application helps users organize and manage all geographic information, such as
maps, globes, data files, geodatabases, geoprocessing toolboxes, metadata, and GIS services. It
includes tools to:

1. Browse and find geographic information.
2. Record, view, and manage metadata.
3. Define, export, and import geodatabase data models.
4. Search for and discover GIS data on local networks and the Web.
5. Administer and manage ArcSDE geodatabases running in SQL Server Express
6. Administer and manage file and personal geodatabases.
7. Administer and manage a series of GIS services.

Geographical Information Systems for Undergraduate Students
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Users can employ ArcCatalog to find, organize, and use GIS data as well as to document data
holdings using standards-based metadata. A GIS database administrator uses ArcCatalog to
define and build geodatabases. A GIS server administrator uses ArcCatalog to administer the
ArcGIS server framework. ArcCatalog has three main views:

1. The contents window: is used to present geographic data and their details for the folder
selected from the ArcCatalog tree, Figure 1.11.

2. The preview window: illustrates the geography or attribute table for any selected
shapefile, Figure 1.12.

3. The metadata window: illustrates a detailed description about geographic data such as
source of data, ownership, creation date, purpose, etc., Figure 1.13.

Figure 1.11: ArcCatalog interface, Contents window
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Figure 1.12: ArcCatalog interface, Preview window
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1.1.5.15. Geoprocessing in ArcGIS Desktop

Almost all applications of GIS involve the repetition of work, which generates the need for
methods to automate, document, and share multistep procedures known as workflows.
Geoprocessing supports the automation of workflows by providing a rich set of tools and a
mechanism to combine a series of tools in a sequence of operations using models and scripts.

Geoprocessing is based on a framework of data transformation. A typical geoprocessing tool
performs an operation on an ArcGIS dataset (such as a feature class, raster, or table) and
produces a new dataset as the result of the tool. Each geoprocessing tool performs a small yet
essential operation on geographic data, such as projecting a dataset from one map projection to
another, adding a field to a table, or creating a buffer zone around features.

ArcGIS includes hundreds of such geoprocessing tools. Geoprocessing allows the user to chain
sequences of tools, feeding the output of one tool into another. The user can take advantage of
this option to compose a variety of geoprocessing models (tool sequences) that help the user
automate the work, perform analysis, and solve complex problems. ArcGIS Desktop provides a
geoprocessing framework. This framework facilitates the creation, use, documentation, and
sharing of geoprocessing models. The two main parts of the geoprocessing framework include:

1. ArcToolbox: an organized collection of geoprocessing tools, Figure 1.14.

Figure 1.14: Interface of ArcToolbox

2. ModelBuilder: provides a graphical modeling framework for designing and
implementing geoprocessing models that can include tools, scripts, and data. Users can
drag tools and datasets onto a model and connect them to create an ordered sequence
of steps to perform complex GIS tasks. ModelBuilder provides an interactive mechanism
for building and executing complex GIS procedures. Figure 1.15.
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Geoproeessipg is Included in Arcview, ArcEditor, and Arcinfo. Each product level includes

additional geoprocessing tools:

• ArcView supports a core set of simple data loading and translation tools as well as

fundamental analysis tools.
• ArcEditor adds a number of tools for geodatabase creation, loading, and schema

management.
• Arcinfo provides a comprehensive set of tools for vector analysis, data conversion,

data loading, and coverage geoprocessing.

1.4 Getting Started with ArcGIS Desktop

1.4.1 Practicing ArcMap

This exercise is prepared for exploring a database built for Tulkarem Governorate. Boundaries,
roads network, locations of dump sites and groundwater wells will be illustrated using ArcMap.
You will create a map showing the locations of groundwater wells that are close to the solid
waste dump sites in the Governorate in order to define those subject to potential
contamination. A one kilometer buffer zone was defined for each dump site, which

encompasses areas with possible sources of pollution. Therefore, wells located in these zones
should be monitored to avoid abstracting contaminated water.

The material for this exercise can be found on "C:\GIS_Tutorial\Chapterl\", to do this exercise,
It IS recommended to copy the material into another temporary folder.

Under8,MuMe StudenK 
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1.4.1.1 Starting ArcMap

1. Click the Start button on the Windows taskbar.
2. Click Programs
3. Go to ArcGIS then click ArcMap, Figure 1.16.

Figure 1.16: Opening ArcMap

i.4. > . Jng an Existing Map Document

By starting ArcMap, the Startup dialog box appears. The Startup dialog box offers several
options for starting an ArcMap session. For this exercise, an existing map document will be
opened.

1. Double-click Browse for maps, and then click OK. The Open dialog box will appear,

Figure 1.17.

ArcMap

C A rjew empty map

C A template

T emplates provide ready-to-use layouts and base maps
for various geographic regions.

(• An existing map:

CA..AChapter1\Proiects\T  ulkarem Governarate.mxd
CAT empos\Materiais\Chapter1 \Projects\Gaza.mxd
CA. \Animation in ArcMap\Population_Change_change.mxd
C: A..\Animation in ArcMap\Population_Change_Starlmxd
C: A.. 'Animation in ArcMap\Population_Change_Final.mxd

Immediately add data
I- Do not show this dialog again
P Load last map on startup

Figure 1.17: Dialog box for opening an ArcMap document

2. In the dialog box, click the Look in: dropdown arrow, and navigate to the project
folder on "C:\GIS_Tutorial\Chapterl\".
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Figure 1.18: Opening an existing project

ArcMap stores a map as a map document (.mxd) enabling the user to redisplay, modify, or share
it with other ArcMap users. The map document does not store the actual data, but rather
references the data stored on disk along with information about how it should be displayed. The
map document also stores other information about the map, such as its size and the map
elements it includes (title, scale bar, and so on).
To the left of the ArcMap display window is the table of contents, showing you which
geographic layers are available for display. To the right is the map display area, Figure 1.19. This
particular map contains the following layers (shapefiles) in a data frame called "Tulkarem":

1.
2.
3.
4.
5.

Tulkarem Dump Sites: location of dump sites in Tulkarem Governorate.
Wells, location of groundwater wells in Tulkarem Governorate.
Tulkarem Roads: Road network
Dumping Sites.lkm buffer: a one kilometer buffer around the dump sites
Tulkarem District: boundary of Tulkarem Governorate.

The map currently disp.ays ail shapefiles. Their boxes are checked in the table of contents.

Geographical Information Systems for Und
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Figure 1.19: Main interface components of ArcMap

1.4.1.3 Moving Around the Map

The Tools toolbar enables the user to move around the map and query its features. Place your
pointer over each icon (without clicking) to view a description of each tool, Figure 1.20. For
example, to closely view Faroun DS, you can zoom in using the Zoom In tool. Place the pointer
on the upper-left part of the contour, press the mouse button, and hold it down while dragging
to the lower right corner. A box is drawn on the screen. When the mouse button is released,
ArcMap zooms in to the area defined by the box, Figure 1.21.
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Zoom Out

Fixed Zoom OutFixed Zoom

Full Extent

Previous Extent

Clear Selected FeaturesSelect Features

IdentifySelect Elements

Hyperlink

Go To Next Extent

Go To XY

Figure 1.20: Components of the Tools toolbar.

1-4.1.4 Displaying a Layer

The table of contents lets
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forUndergraduateStudents 



Introduction to the Geographical Information System 26

Figure 1.22: Turning off a layer

1.4.1.S Changing the Display Symbol

ArcMap gives you the option of changing the colors and symbols of display features. To change
the symbols of the Wells from a dot to a standard symbol:

1. Click on the dot symbol in the table of contents to display the Symbol Selector window.
2. Scroll down until the Well, Drilled, Public symbol is found, and then click it.
3. Click OK. The Wells are then plotted with the new symbol.

Figure 1:23: Changing a symbol feature
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1,4.1.6 Identifying a Feature
-round Faroun dump site.

There are two wells located in the buffer zone

lhar The Identify window appears, Figure 1.24.
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text to a new position by clicking and holding down the mouse button while dragging
the text, then releasing the button.

4. When you are finished positioning the text near the well, click outside the text box to
deselect it.

Figure 1.25: Adding graphics to a map

1.4.1.8 Laying Out a Map

In ArcMap you can work in either the data view or layout view. The data view focuses on a single
data frame while the layout view shows you what the map page looks like. The layout view is
used for composing and printing a map for display. The user can also explore and edit data in
the layout view or change the size and orientation of the page.

1. Click the Zoom to Full Extend button on the Tools toolbar to view the entire map.
2. Click the View menu and then choose Layout View. The Layout toolbar appears, and the

display changes to show the page layout with rulers along the sides, Figure 1.26.
3. Right-click anywhere on the layout background and click Page and Print Setup, you can

also access Page and Print Setup from the File menu.
4. Make sure the Use Printer Paper Settings box is not checked; otherwise, the page size

will default to be the same as that of your printer.
5. Check Scale Map Elements proportionally to changes in Page Size. That way, the data

will be rescaled to fit the page.
6. Select the A4 page size from the Standard Sizes dropdown list, Figure 1.27.
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7. Click OK. The page and rulers change to reflect the new size and orientation.
8. Resize your data frame manually to make it look like the map shown in Figure 1.26. To

do this, click the Select Elements tool on the Tools toolbar, click the data frame, and
resize the data frame using the blue selection handles.

1.4.1.9 Zooming in on the Page

The Layout toolbar controls the scale and position of the whole map, as opposed to the data
layers on the map. By default, the map size is set so that the user can view the whole image;
however, at this scale, it is difficult to read the names of the dump sites.

1. Click Zoom to 100% on the Layout toolbar. The page is displayed at the actual printed
size so that you can see the detail, Figure 1.28.

2. Click the Pan tool on the Layout toolbar and drag the map until the names of the dump
sites appear.

Figure 1.28: Zooming to actual print size

3. Click the Zoom Whole Page button on the Layout toolbar to view the entire page again,

Figure 1.29.
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Figure 1.29: Zooming to entire page size

1.4.1.10 Inserting Map Elements

ArcMap makes it easy to add titles, legends, North arrows, and scale bars to the map as follows:

1. Click Insert on the Main menu and click Title. In the box that appears, type the title for
the map “Location of Dumping Sites-Tulkarem Governorate", and press Enter.

2. On the Draw toolbar at the bottom of the window, click the Text Size dropdown arrow
and click 22 to change the title to 22 points.

3. Click the title and drag it until it is centered at the top of the map, Figure 1.34.

4.
5.

From the Draw toolbar the user can add and change the format, font, size, color, and so on of
the text and graphic elements, such as boxes, callout lines, or circles, on the map:

Click Insert and then Legend. The Legend Wizard appears, Figure 1.30.
Next several times to step through the wizard accepting the default legend

parameters. Click Finish when done, Figure 1 34

Undergraduate Students
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By default, ArcMap scales the legend to the page and includes all the layers that are currently
displayed. The user can modify the legend by right-clicking it and choosing properties from the
menu that appears.

Figure 1.30: Legend Wizard

6. Click Insert and then North Arrow. The North Arrow Selector window appears, Figure

1.31.
7. Click ESRI North 9 and then OK. Click on and drag the North Arrow to the right corner of

the map, Figure 1.34.

Figure 1.31: North Arrow Selector window.
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8.

9.
10.

11.

Insert a scale bar from the Insert menu, Figure 1.32. Click Alternating Scale Bar 1
then Properties, Figure 1.33. ar,<^

Click the Scale and Units tab.Check the box to display zero division before zero and change the divisionKilometers. Change the label position to Below Bar, then, click OK on all dialog box111"5

Click and drag the scale bar under the North arrow, Figure 1.34. es*

Alternating Scale Bar Properties

- ------------—_ ’

Figure 133: Alternating Scale Bar
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Figure 1.34: Layout of Tulkarem Governorate.

1.4.1.11 Printing a Map

The user can then print the map by clicking on Print in the File menu.

1.4.1.12 Saving a Map

1. To save the changes on the map, click File then Save.
2. To save a copy of the map click File and Save As. In the File name box type a new name

for the map and then click Save.

1.4.2 Practicing ArcCatalog

1.4.2.1 Starting ArcCatalog

To open ArcCatalog click the Start button on the Windows taskbar, point to Programs, ArcGIS
then click ArcCatalog, Figure 1.35. Or the user can open ArcCatalog directly from ArcMap by
clicking on the ArcCatalog button in the main button menu.
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By using this method, you can browse through the contents of disks looking for geographic data.
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Figure 1.35: Opening ArcCatalog

1.4.2.2 Look in a Folder Connection

When a folder connection in the Cstelog tree is selected, the Contents tab lists the items it
contains. Unlike Windows Explorer, the Catalog doesn't list all files stored on disk; a folder might

appear empty even though it contains several files. Folders containing geographic data sources

have a different icon to make your data easier to find, Figure 1.36.

1. Click a folder connection in the Catalog tree. The items it contains appear in thContentstab. r'le

2. Double-click a folder in the Contents list. That folder is selected in the Catalog .the Contents tab lists the folders and geographic data it contains. ' a°
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1.4.2.3 Create a Backup Copy of the Tutorial Data

1. Locate the tutorial folder, browse to "C:\GIS_Tutorial\Chapterl" using the Catalog Tree
window.

2. Right-click on the Chapterl folder in the Catalog Tree window. Select New then click on
Folder.

3. Type "Backup" as the name of the created folder.
4. Click the Shapefiles folder in the Contents tab, then click the Copy button.
5. Click the Backup folder from the Catalog tree.
6. Finally click the Paste button. A new folder called Shapefiles will appear in the Contents

list in the "C:\GIS_Tutorial\Chapterl\Backup" folder, Figure 1.37.

Figure 1.37: Creating backup for the Shapefile folder

1.4.2.4 Connect Directly to the Backup Folder

Folder connections in the Catalog can access specific folders on disk. The user may establish
several connections to different folders on the same disk. You don't have to see all the data on
any drive on the hard disk. To create a connection that directly accesses the Backup folder the
user can use a shortcut provided by the Catalog:

1. Click the Catalog folder in the Contents list.
2. Scroll to the top of the Catalog tree.
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inATempOT^tenakXbapterl^adaJp

®G»g-a

sQaoA
’ DataBase

gQDSS^EAB^dflo-.

SQGIS
g Q Uev; Folder

® Qphg
® Cl Program Res
® Cl Temp

E Cj Tempos
E O Materials

® Cw_Bad^p J

® CjDocuments
® C) Projects

® y chapter3

* Cl Chapter

Drag the Catalog folder from the Contents tab and drop it on the Catalog at ththe Catalog tree. A new folder connection is added to the Catalog. e top Of

You can remove the connection by clicking on the connected folder and thDisconnect from Folder button, Figure 1.38. en °n the

I Re Edit Hew Go Tools Windov; Help

I Location: [D:\Tempos\f

!*fcontents | previe

~ IC] Shapefiles

^^uZria^chapte^

J ArcCatalog'

Catalog

1.4.2.5 The Contents Tab

When items are selected, such as folders in the Catalog tree, the Contents tab lists th

they contain. To change the appearance of the Contents list, the appropriate buttons

Standard toolbar must be used, Figure 1.39.
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1. The Large Icons view represents each item in the list with a large icon, Figure 1.40.
2. The List view uses small icons, Figure 1.41.
3. The Details view illustrates the properties of each item in the columns; you can sort the

list according to property values by clicking the headings of the name column, Figure
1.42.

4. Thumbnails display a snapshot for each item in the list, providing a quick illustration of
the item's geographic data, Figure 1.43.

Concerts ] Pre 'jkn | Metadata |

3 3 SI 3 3 S
Eu'dup_Ar... Dumping

Srte5_Jhn_...
Ga:a_5otde... GazaJXstri... Mediterrane... Roadjietw...

S3 r±d
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Contents | Preview | Metadata |

E3 Bu-'dup_Areas. shp
EJ Dumpng &te5_lhn_Buffer.shp
El Ga;a_Border.shp
El Gaza_D.stncts.shp
EJ b'«iterranean_Sea ,$hp
S Roadjiehvofk.shp
El TuS-arem_Cownun.tes.shp
E3 TtAarem_Road5.shp
Elv.’exs.shp

Figure 1.40: List of shapefiles-large icons Figure 1.41: List of shapefiles-small icons
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EJGaia_Eorder.shp ShapeEe
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ElTu^-arem.Commimes.shp Shapefie
STuacarem_Roads.5hp ShspeF.'e
EJViets.shp Shapefile

| locaton__________ [

Figure 1.42: List of shapefiles-details Figure 1.43: List of shapefiles-thumbnails view

1.4.2.6 The Preview Tab

The preview tab helps the user explore the selected item's data in either geography or table
view. For items containing both geographic data and tabular attributes, you can toggle between
the geography and table views using the dropdown list at the bottom of the preview tab, Figure

1.44.

Geographical Information Systems for Undergraduate Students -



• n tn the Geographical Information System
Introduction to

Preview:

Snapefieseecttd

Q Td^^3*mmun-t*5'
Q Tt&yefnJto*®'5*9

0 WeSs-shP

s £) Doormens >

• a vector dataset. When drawing geographic data,
The Geography Preview draws eachThe selected item's geographic data can be
the Catalog uses a default set ofsym 6 tgb|e view draws a„ rows and
explored using the buttons on the gse)ected item-5 table. The values in the table can be

columns and the buttons at the bottom of the table, and the context menus

tha^mavailaNefrom the column headings.

[Geography

Tab's
^8.5397 180107.9357

1.4.2.7 Viewing the Shapefiles Folder in Geography View

Use the Geography Preview to look at the data contained by the items in the Shapefiles folder.

When using the Geography Preview, the Geography toolbar is enabled, Figure 1.45. You can use
the Zoom In, Zoom Out, Pan, Full Extent, and Identify buttons on the toolbar to explore

geographic data.

__________ c
Identify

Q
Zoom In n j

____________ c
Full Extent

_________ Q
Zoom Out --------1 1----- Pan

Figure 1.45: Geography toolbar
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1.4.2.8 Explore the Contents of a Table

Using the table exploration tools available in the Catalog, you can learn a great deal about the
contents of a table. You can search for values in the table and sort records according to the
values in one or more columns. The West Bank_Districts shapefile contains data about the West
Bank Governorates. The West Bank_Districts_Details table contains general information about
each Governorate, such as name, population, average family size, etc.

With the tools available in the table view you can explore the contents of the West
Bank_Districts_Details table.

1. Click the West Bank_Districts_Details dBASE table in the Catalog tree.
2. Explore the table's values using the buttons at the bottom of the table. Once you click

anywhere on the table you can also use the arrow keys on the keyboard, Figure 1.46.

Figure 1.46: Table toolbar

3. Type "5" into the Current record textbox and press Enter. The Current record icon
appears next to the fifth row in the table. The Object ID value for this record, which is
located in the OID column, is four; the OID values begin counting at zero.

4. Right-click the heading of the District column and click Freeze/Unfreeze Column. The
District column is frozen in position at the left of the table, and a heavy black line

appears to its right, Figure 1.47.

Contents Preview | Metadata |

DISTRICT OID PO|wlation Code No_Cor

B etlehem____________

Hebron

Sort Ascending

F- Sort Descending

S Statist^..

Freeje/Unfreeze Column
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290272

_______________ «

4
—
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Jericho
Jerusalem

_19S29£
__jnspi

113888

7

8
1

—

Nablus 251392 3

Qalqiliya
Ramallah

Salfit
Tubas
Tulkarem

X Uelete Field

___ 8
____________ 9

10
—

89263
___ 20844$

46888
36216

’129030

11
2
9

_ 10
......5

-------- —

Figure 1.47: Freeze/unfreeze columns
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5.

6.

7.

8.

M ThP District column stays in place while the other
Scroll horizontally through.the■ ^-The Qf D , co|

columns scroll normally. Align the Type of the District column s heading. The
Position the mouse pointer over the right

mouse pointer changes. district column's heading to the left. The red line
Click and drag the edge of the ui hne jts new location. Drop
indicates the edge's original position, while th^e

the edge of the column. The colum c|jck Freeze/Unfreeze Column. The
Right-click the heading of th c0|umn. Scroll horizontally through the
heavy black line is now to the right o theCode co
table. Both the District and Code columns stay in place w

9 chaTthe Code column's heading. The column is highlighted In liBht blue.
0 C nd drag the Cede column's heading to the left of the District column The red h„e

indicates the Code column's new position. Drop the column m he new locatcom The

Code column now appears to the left of the District column, and the heavy black line

appears to the right of the District column.
11. Right-click the heading of the Code column and click Sort Ascending.
12. The rows in the table are sorted numerically in ascending order according to the values,

Figure 1.48.

Figure 1.48: Sorting column contents

- __ c
Co de j DISTRICT Population llo_Communi Hholcls

1 . erusalem 113856 51 19
4 a ma Ila h 205448 80

abius 251392 73 4 4
4jl ebron 390272 156 c?

ulkarem 129030 42 22
6| etiehem 132090 71 22

anin 195294 56- 32
__ .. ___8k aricho 31501 16 c

—___ __ 9j alft 46688 23 1*
r-

10 f ucas 35216 23 c
L— ___ ii ] ia'qiir/a ________________ 69268 ■5C I_______ 11

1.4.2,9 The Metadata Tab

Metadata Includes'Xperti^thTare' iTeT^m^Vdar'6"1^ Cata'°g

information provided by a person the ^ata source and documentation is

Metadata is stored as extensihlp mariz i
geodatabase. ArcCatalog uses XSLTransforma^n86^1?^ 3 f'le W'th the oriSinal data or in a
into a hypertext markup language (HTML) DapS v T'stylesheets t0 transform the XML data

c anging the current stylesheet using the dropdown 1-°? Can Change the metadata's form by
dropdown hst on the Metadata toolbar, Figure 1.49.
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Figure 1.49: Different options for viewing metadata sheet

You can use the Edit, Create/update, Import and Export metadata buttons on the toolbar to

manage the metadata for any of the shapefiles, Figure 1.50.

Figure 1.50: Metadata toolbar

1.4.2.10 Add a Layer to a Map

The Project folder contains two map documents. The Gaza.mxd map already includes data such
as roads and boundaries. However, groundwater wells still have to be added to the map.
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do is drag data from the Catalog and drop it on the
Adding data to a map is easy; all you have o j$ created and stored insjde

map. When you drop a layer onto a map, use jt jn many different maps

map document. In this way, you can c the map document in ArcMap.
Before you can add more data to the Gaza map, y

1. Click the Project folder in the Catalog tree. (Under the Chapterl folder).

2. Double-click the Gaza map document in ArcCatalog; this opens it in ArcMap, Figure I.51

Gaza

Drawing

£ 0 Gaza_Border
S 0 Road J Network

— <o3 other values >
Type

— Local
— Main
— Regional

E 0 Buldup_Areas

E 0 Gaza_Dstncts
 <a3 other values >

Name
 De.r Al Ba'ah
 Gaza
 Khan Yuns

■ Uorth Gaza
H Rafah

E 0 Mediterranean_Sea

b z u A . & ,

_Dsplay [Source | Selection] ~

> ■■ $

Figure 1.51: ArcMap document (Gaza.mxd) opened from ArcCatalog

3. Arrange the ArcMap and ArcCatalog windows so that you can see the table of contents
in ArcMap and the Catalog tree at the same time, Figure 1.52.

North Gaza

* Gaza.mxd - ArcMap - Arcinfo

i Efe Edit gew Insert Selection Tools Window Help___________________ . ----------------------------------------------------
D s? Q 1 X ® • i|T:382.CSS £ 9 1

- ■ ■ -......... ■—rr: xj

0 0  E31 t r

▲
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Re Edit JJew Insert Se^cbon loois Vyndow

D 0$ Q & | ' ' ® X | !<</ |[l:382.CSS ! £) ®  J Iff j

|qqk aatM y a IT o m a fat siid|a a □ bibb r—31

Figure 1.52: ArcMap/ArcCatalog arrangement for adding data from ArcCatalog to ArcMap

The table of contents reflects the order in which layers are drawn. Wells, in this example, should
be added underneath the Gaza Border shapefile and above the Roads_Network shapefile.

4. Click and drag the Wells shapefile from ArcCatalog and drop it in the table of contents
below the Gaza Border shapefile in the Gaza data frame in ArcMap. The wells features

are now drawn on the map.

— Geographical Information Systems for Undergraduate Students



Introduction to the Geographical Information System

1.5 Discussion
Based on the previous literature and your understanding of the Geographical Information

System (GIS), discuss the following questions:

1. What makes GIS distinctive?
2. How does GIS use geography?
3. What are the sectors that may benefit from GIS? And how?
4. Name organizations in Palestine that can benefit from GIS applications?

5. How can organizations benefit from using GIS?

1.6 Assignment

Prepare a research entitled "Geographical Information in Palestine" focusing on the
following points:

1.
2.
3.
4.
5.

What type of organizations use GIS? And how are they using it?
Which GIS software packages are mostly used?
What are the job levels/positions of the users, are they decision makers for example?
Does any organization provide GIS services to the public?
Conclusions and recommendations

°rU"d'r™«ate Students
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GIS Data Models and Quality

2.1 GIS Data Types

2.1.1 Introduction

The science of GIS attempts to simulate the real world enabling computer systems to represent
real geographical elements as graphical elements in a computerized software. Basically
geographical data comes in two main data types which are spatial (raster and/or vector
datasets) and non-spatial (Attribute data). Spatial data is a geographical representation of
features. For example, the representation of the road system within a city or groundwater wells
in an aquifer system. In other words, spatial data is what we actually see in the form of maps on
a computer screen, Figures 2.1a, 2.1b, 2.1c.

Figures 2.1a: Real world image (Image from Tulkarem District, GoogleEarth)
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Figures 2.1b: Vector data model (representing the real world image in Figure 2.1a)

moaellrepresMinB the real world •
EWorld image in Figure 2.1a)
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2.1.2 Vector Data Model

Discrete features, such as spring locations, are usually represented using vector datasets. A
vector dataset (or features) can be discrete locations (points), lines (a series of points), or areas.
Lines, such as streams or roads, are represented as a series of coordinate pairs. Areas are
defined by borders, and are represented by closed polygons, Figure 2.2.

Figure 2.2: Vector representation

The geometric description of vector types could be illustrated as follows:

Points: A point represents anything that can be described with x, y coordinates on the face of
the Earth, such as the location of cities, wells, weather stations, trees, etc. (Figure 2.3a).

Lines: A line should at least connect two points. The start and end points of a line are referred to
as nodes while points on curves are referred to as vertices. In other words, a line represents
anything having a length, such as streets, highways, and rivers, Figure 2.3b.

Polygons: A polygon is a closed line with an area. It takes a minimum of three pairs of
coordinates to represent an area or polygon. It describes anything having boundaries, whether
natural, political or administrative, such as the boundaries of countries, governorates, cities,

administrative zones, etc. (Figure 2.3c).

Vertice

Start Point End point

(c) Polygon(a) Point (b) Line

Figure 2.3: Geometrical representation of vector models

In general, selecting a point, line or polygon for representing an element is based on the
purpose as well as the scale of the developed map. There is no unique method to represent an
element. For instance, when using a small scale map it s impossible to plot the roads or buildings
as polygons, this is why the roads are represented as lines and buildings as points, Figure 2.4a &
b. In other cases, the nature of the study requires their representation as polygons.
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Figure 2.4b: Representing roads as a polygon

2.1.3 Raster Data Model

A raster based system displays, locates, and stores graphical data by using a matrix of grids, ce s
or pixels. Each cell contains only one data value, Figure 2.5. Each group of cells that have the
same value is linked to a record in an attribute table.

Geographical Information c
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For example, if the raster details the soil type, then each cell in this raster dataset has a value
that reflects the type of soil at that particular point. Thus the smaller the cell size, the more
accurate the data but the larger the storage size needed, Figure 2.6.

SOIL TYPES;
r I Terra Rossa, slopes >20% (A1)

I' I Terra Rossa & Rendzina, slopes>20% (A3)

I I Terra Rossa & Rendzina, slopes<20% (A4)

I I Dark Rendzina. Bright Rendzina, siopes<20% (B3)

H Dark Rendzina, Bright Rendzina. siopes>20% (84)

I | Colluvial Soil (H7)

(a) Soil map presented by a vector model

(a) Raster model (cell size 25m)

Figure 2.6: Raster representation

(b) Raster model (cell size 100m)

using different grid sizes

It should be noted that raster based data structures are excellent for storing data on continuous
spatial processes, Figure 2.7, such as temperature distribution, elevations, water qualities,
rainfall or population density. Raster data is commonly obtained by scanning maps, collecting

aerial photographs and/or obtaining raw satellite images.

 Geographical Information Systems for Undergraduate Students



introduction to the
Geographical Information System

Figure 2.7: Continuous representation of spatial data (chloride concentration in part of the

Coastal Aquifer Basin, 2005)

2.1.4 Special Types of Raster Data

2.1.4.1 Digital Elevation Model (DEM)

A digital elevation model (DEM), Figure 2.8, is a digital file consisting of terrain elevations for

ground positions at regularly spaced intervals. DEMs may be used in the generation of three-
dimensional graphics displaying terrain slope, Figure 2.9, aspect (direction of slope), and terrain
profiles between selected points.

Figure 2.8: Digital Elevation Model for Salfit Governorate (20 m Resolution)
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Figure 2.9: Slope derived from Salfit Governorate DEM (25 m Resolution)

2.1.4.2 Triangulated Irregular Network (TIN)

The Triangulated Irregular Network (TIN) model represents a surface as a set of contiguous, non­
overlapping triangles. Within each triangle the surface is represented by a plane, Figure 2.10.
The triangles are made from a set of points called mass points.

Figure 2.10: Non-overlapping triangles that form a TIN

Mass points can be placed at any location, the more carefully selected, the more accurate the
model of the surface, Figure 2.11. Well-placed mass points occur where there is a major change
in the shape of the surface, for example, at the peak of a mountain, the floor of a valley, or at

the edge (top and bottom) of cliffs.

The TIN model is attractive because of its simplicity and low cost and also because it is a
significant alternative to the regular raster of the GRID model.
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(b) Triangulated Irregular Network (TIN) for Salfit Governorate

Figure 2.11:Triangulated irregular Network (TIN) derived from elevation points (50 m R

2.1.5 Non-Spatial Data Attribute Data}

Attributes attached to spatial data are referred to as non-spatial data that is descrip
information that GIS links with the map features. Attribute data is collected and compi'ed

specific areas like governorates, cities, and so on and often comes packaged with map data-
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, P maV C°n'aln ’ "n'que lde"tite object. There may be other
fields that also contain propertles/informatlon related to a spatial feature, for example, each
groundwater well must have its unique well 10. Other attributes may include we.l abstraction
rates, depth, tapped aquifer, usage, etc. (Figure 2.12).

Figure 2.12: Groundwater wells connected to non-spatial data (well description and yearly abstraction
rate)

2.2 GIS File Format

There are many types of data formats used for GIS datasets. In many cases, the same data could
be stored in more than one form. Figure 2.13 shows different types of GIS file formats.

Figure 2.13: Different GIS file formats
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o *.shp: the main file that stores the feature geometry.

• *.shx: the index file that stores the index of the feature geometry.

• *.dbf: the dBASE table that stores the attribute information of features.

2.2.1 Shapefiles
I nnn toooloeical format for storing the geometric location and attribute

Shapefiles are a simp e<om jn a shapefi|e can be represented
information of geographic previous sections. y

points, lines, or polygons (areas) as described m the prev

Because shapefiles do not have the processing overhead of a topological data structure, they
have advantages over other data formats including faster drawing speed and edit ability. They

also typically require less disk space and are easier to read and write.

The shapefile format defines the geometry and attributes of geographically referenced features

in three or more files with specific file extensions that should be stored in the same folder. They

are:

There is a one-to-one relationship between geometry and attributes in a shapefile, which is

based on record number. Each file must have the same prefix, for example: roads.shp,
roads.shx, and roads.dbf. Viewing shapefiles in ArcCatalog or any other ArcGIS program will only
use one file; however, Windows Explorer is used to view all the files associated with a shapefile,

Figure 2.14. A shapefile, can be copied using two options: either using ArcCatalog or a
recommended geoprocessing tool, or copy it from outside ArcGIS using, for example, Windows
Explorer. In this case the user should be sure to copy all the files that make up the shapefile.

'"^Catalogand Windows Explorer

2-2.2 Layer files

Layer files are not in th
dataset that they refertQemSeJVes ac^al datasets b|).
and display information such therefore when loaded C°ntain source information about the

such a* symbology, ,abe|s apP«r as datasets. Layer files can store

' ——  r SOrne definitions, such as conditions to
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exclude parts of the dataset. Layer files can be created and used with any data formats
compatible with ArcGIS (see Section 2.6.3.1).

2.2.3 Coverage

Coverage is the main type of feature datasest used in the Arcinfo workstation It contains
multiple geographic feature types, which each correspond to a feature class, Figure 2.15. The
folder that contains all of these feature classes is the actual coverage. Within it, the geometric
and attribute information which is stored in hidden binary files can be displayed using
ArcCatalog's Preview and Table Preview, respectively.

The dataset is structured as a series of files held in a pair of folders, one named as that defined
for the dataset, and the other called info. Both need to be kept together in the same directory
for the dataset to work. Note that if there is more than one coverage in the same folder, then
they will share the same info file.

* ■clnfo - C:\Tempos\MateriaLs\Chapter 2\Shapefiles\Example... [□][><]

B Pl Example 5 |Aj
S-0TulkaremDistnct.mdb

' Location: IC:\Tempos\Materials\Chapter 2\Shapefiles\Example 5Manduse_tul

i - [Si] Landuse.shp

Landuse layer, lyr
Landuse layer_Raster.lyr

(3 Roads.shp

mi

Edit j-.-w Go Tools Window Help

® X 0 C.-Q-
”d iii

iil
i

iiiu
b

D
O

D
O & Stylesheet: FGDC tSRi

>i

Contents | Preview

z Name

Metadata |

1 Type______________________

13 arc Arc Feature Class
0 label Label Feature Class
[§] polygon Polygon Feature Class
@1 region, landuse Region Feature Class
JU tic Tic Feature Class

<i. JI Xi

Figure 2.15: Structure of GIS coverage

2.2.4 Personal GeoDatabases

Personal GeoDatabases (PGDs) are a new format used by ArcGIS. They are an independent
equivalent to running a large geodatabase via software such as ArcSDE, and structure more like
an Access database, but in this case with the addition of geographical features. PGDs can store

rasters and tables as well as features.

Within a PGD data is stored in feature classes, which is basically an individual dataset. The PGD
is appropriate to store a set of related features e.g. related to specific a governorate, Figure

2.16.
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Figure 2.16: Structure ofaPGD

2,2.5 Geodatabase
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3 rr.shp

® SJ Drawing i.dwg

22 attribute.mxd

A geodatabase is the common data storage and management framework for ArcGIS and can be
utilized wherever it is needed; on desktops, in servers (including the Web), or in mobile devices
Like PGDs, it supports all the different types of data that can be used by ArcGIS (e.g. attribute

tables, geographic features, satellite and aerial imagery, etc), Figure 2.17.
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^pitotionina pte!s Reten te so t0
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2.2.6 Text Files and XY Data

Tables can be added to ArcGIS either in the form of Dbase (*.dbf), comma delimited (* csv) tab
delimited (*.txt) text or Microsoft Excel sheets (*.xls). Note that there are a number of
conventions that should be considered when using these files with GIS datasets such as no
missing in field headings or even in the data values, no use of formulas, etc. Figure 2.18 shows a
standard structure of an XY data file.

Using a text file to display XY data is possible for a limited number of purposes, however the
user will need to export it to either a PGD feature class or shapefile before full functionality is
available for this type of dataset.

Figure 2.18: XY data file used by ArcGIS

2.2.7 Image Files

There are a number of image formats compatible with ArcGIS of which the most commonly used
are JPEG, BMP and TIFF. These are suitable for providing background context, however, don't
contain any attributes that can be used for analysis. Most image files come with a separate text
file which contains the georeferencing information for the image e.g. .jgw , .bpw or .tfw,
these files need to maintain the same prefix and directory location as the image itself in order to

store the georeferencing information associated with the image.

2.2.8 ASCII Grids

This is a text based format commonly used for gridded data. ASCII files can be imported into
ArcGIS as long as the relevant header information is present in the file, Figure 2.19.
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Figure 2.19: Structure of an ASCII grid file.

2.2.9 CAD Files
AutoCAD Drawing Files (DWG) and Autodesk's Data Interchange File (DXF) are probably the

most widely used vector data transfer format. The DXF format offers some very important
advantages. It contains very complete display information, and almost every graphics program
can read it. However, there are several different ways to store attribute information in DXF but
still there are no attribute standards, many programs that claim to read DXF files do not import
attribute information properly.

2.3 GIS Data Sources

dZiA313 Td the f°rm °f tableS' hard copy maps °r digital maps which are mainly

of datasets^s^ e^sing or aenal Ph°tographs. These data could be divided into two types
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4’ U|laf attri^UtG data has an even wider variety of data sources. Any textual or

a u ar a a can e referenced to a geographic feature, e.g. a point, line, or area.
Attribute data is usually entered by manual keying.

5. Surveying
6. The Global Positioning System (GPS)
7. Photogrammetry
8. Remotely-sensed imagery

Converting these different types of data sources into a GIS format is considered the basic job for
developing a GIS system. By using the GIS standards and algorithms, the user can derive new
data that provides the ability to interpret the base data. For example, the elevation map for a
particular location is basic data, by using some of the GIS algorithms the user could derive a
slope map for this location.

There are many ways that could be used to convert data into GIS format based on the existing
format of the available data including:

3.3.1 ual Input Data

Commonly, there are many thousands of records kept in paper archives that contain valuable
information. This may be historical data or data collected based on specific monitoring
programs. For example, water levels and quality are usually measured every three months for
most of the groundwater wells in the West Bank. These measured data are manually entered in
the form of text files or Excel worksheets without geographical position details. If, for example,
the well locations are recorded on a digital map with well name or code and the records (table)
also have the same name or code, a link can be developed between these records and the

digital map, (see Section 2.6.2).

2.3.2 Conversion of Existing Digital Data

A second technique that is becoming increasingly popular for data input is the conversion of
existing digital data. A variety of spatial data, including digital maps, are openly available from a
wide range of governmental, non-governmental and private sources. The most common digital
data to be used in GIS is data from CAD systems. A number of data conversion programs exist,
mostly from GIS software vendors, to transform data from CAD formats to a raster or
topological GIS data format. Several ad hoc standards for data exchange have been established

in the market.

2.3.3 Capturing Data from Maps

Paper maps have been used in geography for centuries. Capturing this type of information into a
digital form makes it much easier to store and reproduce. It also enables the power of
computers to be used in manipulating, updating and analyzing the information in many different
ways. There are two main methods used for converting paper maps into electronic form;

scanning and digitizing.
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2.33.1 Scanning °^es A scanner wi|| copy any printed

scanning technology is widely u stored on the computer and displayed on
X BV the imageXX process and 8enera"V '“'XX "°‘provide °r

cree«. S««nlnB > is ’ St'’‘e Xtures. such US the address of a bu,ld,ng. Raster data

capture e«y attribute of maps by scaring is "Ot always the most efficient
uses up a lot of disk space, so rastensa

method.

apms are able to convert raster datasets to vector datasets
Some very specialized computer sy it can guess that sequences of colored pixels
by recognizing patterns in the image showing a linear feature of some kind. Section
which seem to form a line acrossthe " J are sho

2.6.13 will show how a raster dataset could be conver

The vectorisation of raster datasets can be a fast way to capture data because it can be

automated, but is usually less accurate than manual digitizing.

2.3.3.2 Digitizing

Digitizing is the transformation of information from an analog format (paper map) to a digital

format that can be stored and displayed with a computer. Digitizing is performed on a digitizing
table or tablet but may also be done on a computer screen (heads up digitizing). The digitizing
table has a fine grid of wires embedded in it that acts as a Cartesian coordinate system, Figure 2.
19. The source map is laid flat on the digitizing table and an electronic cursor is passed over the
features of the map. In this way, each of the coordinate points which make up the different
shapes can be identified. By clicking the cursor when it is held over a point, digitizing captures
map data in vector form.

Digitizing can be very time consuming because every single point or vertex must be captured
individually. However, a digitized map is different from a scanned one in that the result of
digitizing is in vector data form, so, it is possible to attach attribute information to features.
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2.3.4 Surveying

The size, shape and relative location of physical objects in the field could be measured by a
surveyor with many types of surveying instruments.

The accuracy and type of survey are the main issues to be determined for building up a series of
points that can either be independent in location or trace points along a linear feature or
demarcate an area with a similar attribute that can be built up by a surveyor. For example, using
a total station, Figure 2.20, a highly accurate location and elevation map can be achieved. The
total station can record its own coordinate system that can be transformed later, but it is
common practice to set up the station on a known point (a reference point). Then all
subsequent measurements will be relative to that reference point. It is good practice to return
to the reference point or to cross other independent referencing points so that the survey can
be checked for accuracy.

Figure 2.20: A digital total station

In many cases within the water environment, the high degree of accuracy provided by a digital
total station is not needed. Relatively accurate surveys can be carried out using a tape measure

and a compass.

Another type of survey is to use a pair of digital binoculars to estimate the distance and angle of
an object from a current position. By just sighting the binoculars onto an object, a single set of
values for that object will be returned. Tape measures and binoculars can be used in tandem

with a total station or with a Global Positioning System (GPS).

2.3.5 The Global Positioning System (GPS)

The Global Positioning System (GPS), Figure 2.21, is basically a surveying technique that relies on
a series of orbiting satellites. It gives an excellent position and height reading (to the order of 1
cm or less). The only constraint is that the satellite receiving equipment must be able to make

contact with three to four satellites.
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Figure 2.21: Global Positioning System (GPS)

GPS systems can be used for the accurate navigation to a point. For example a dual frequency
system will provide very accurate measurements, Figure 2.22. This system is composed of two
sets of equipment; one set of equipment acts as a referencing base station, and the second will
be the roving station that records all the points in the survey. By comparing the base station and
the roving station data together, an accurate map is determined: this is called a differential GPS.

^graphical
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2.3.6 Photogrammetry

Photogrammetry is defined as the science or art of obtaining reliable measurements by means
of photography. Although the term can apply to measurement from ground photographs,
modern photogrammetric techniques are most often applied to aerial and satellite images. One
of the most common uses of photogrammetry is the analysis of aerial photography, Figure 2.23,
to extract ground features for the production of location maps. Aerial photogrammetry is one

type of photogrammetry where the camera is mounted in an aircraft and is usually pointed
vertically towards the ground. Multiple overlapping photos of the ground are taken as the
aircraft flies along a flight path. The major problem of aerial photos is caused by distortion of the
image by the lens, the angle of the airplane and the curvature of the land.

Figure 2.23: Aerial photograph map

2.3.7 Remote Sensing

Remote sensing may be defined as the technique of obtaining information about the Earth's
surface and environment by airplanes and satellites. All forms of remote sensing use
electromagnetic radiation, coming from the Earth's surface received by specialized sensors on
the satellite or airplane platform. Visible light is one form of radiation that is very useful in
remote sensing because humans can see it. However, there are many other forms covering a
whole range of different wavelengths or frequencies, Figure 2.24, which humans cannot see
without special instruments; these wavelengths make up the electromagnetic spectrum.
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Figure 2.24: The electromagnetic spectrum

2.4 GIS Data Models

GIS stores information about the world as a collection of thematic layers that can be linked

together by geography. This is a simple, but extremely powerful and versatile concept that has
proven to be invaluable for solving many real-world problems. The thematic layer approach
allows GIS users to organize the complexity of the real world into a simple representation and
help them facilitate their understanding of natural relationships. In this context, there are five
database models that could be used in GIS:

2.4.1 Tabular Model

The simple tabular model stores attribute data as sequential data files with fixed formats (e.g-

C°m™ i6 ?'ted f°r ASC" datak Figure 2-25' This Wpe of data model is outdated in the GIS

data storage eanY|met ? °f integrit*' 35 wel1 as beinS inefficient with reSpeCt
data storage, e.g. hm.ted indexing capability for attributes or records etc.
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Figure 2.25: Example of a simple tabular model

Well ID Elev m Owner Locality Depth m Usage Formation
15-18/006 1-15 MUHAMMAD 'ABED AL HALEEM FAR'UN 165 Agricultural UC________ Bet/Heb
15-13/012 180 MUHAMMAD KHADER ‘ABDALLAH KUFUR JAMMAL 163 Agricultural UC
15-13/015 270 KAMEL AL SALEM & PARTNERS KUFUR ZEE8AD 404 Domestic LC UBK/LBK
15-13/020 90 WASH 'ABED AL KAREEM FAR'UN 110 Agricultural UC Bet/Heb
15-13/021 218 'ARE? 'ABED AL QADER ALRAS 0 Abandoned UC Bet/Heb
15-18/024 ICO SHU'A WATER COOPERATIVE COMMITTEE SHUFAH 151 Domestic UC jer/Bet/Heb
15-13/025 le4 SAL'EET KUFRSOUR 0 Mekoroth UC Bet/Heb
15-19/CCc 95 RA'FAT ALQUB3AJ NUR SHAMS 96 Agricultural UC Bet/Heb
15-19/010 ICO ZAITA VILLAGE COUNCIL ZAfTA 262 Domestic UC jer/Bet/Heb
15-19/012 135 ZUBAYDAH AL SA'EED OHINNABAH 154 Agricultural UC Bet/Heb
15-19/017 75 TULKARM MUNICIPALITY TULKARM 100 Domestic UC Jer/Bet/Heb
15-19/021 73 HASEEB 1'MUS 'ATTEEL 152 Agricultural UC Jer/Bet/Heb
15-19/023 110 'ABED AL RAHEEM MER'IB SHWAIKAH 132 Agricultural UC Jen
15-19/023 140 HASAN MAHMUD KHALEEL KUFUR ALLABAD 175 Agricultural UC Bet/Heb
15-19/042 ICC MUHAMMAD 'ABED AL RAEEQ& PARTNERS 'ALLAR 200 Agricultural UC Jer/Bet/Heb
15-19 •'047 195 DA’.R AL GHSUN' VILLAGE COUNCIL OAIRALGHSU.N 188 Domestic UC Bet/Heb
15-15. 0’3 210 ■ -*< .'AV.LLAGE COUNCIL BAL'A 295 Domestic UC Jer/Bet/Heb

' — ■ -AMMAD ABU SHAMS BAQAH ALSHARQIYYAH 0 Agricultural UC Jer/Bet/Heb

'35 . .,-AMMAD ABU SHAMS baoahalsharqiyyah 140 Agricultural UC Jer/Bet/Heb

_ 5 - •_ L.. 5 . HAMMAD ALTAHER & PARTNERS NAZLET'ISA 160 Agricultural UC Bet/Heb
,1.."EENV:_AGE COUNCIL QAFFEEN 176 Domestic UC-T Jer/Bet/Heb

132 A' AETA MUNICIPALITY 'ANABTA 150 Domestic UC Jer/Bet/Heb

ic-i’i . -- awartani 'ANABTA 160 Agricultural UC Bet/Heb

2. 3 chical Model

In a hierarchical data model, data are organized into a tree-like structure. The structure allows
repetition of information using parent/child relationships meaning that each parent can have
many children but each child only has one parent, Figure 2.26. All attributes of a specific record
are listed under an entity type. In a database, an entity type is the equivalent of a table; each
individual record in a table is represented as a row and each attribute as a column. Entity types
may be related to each other using 1:N mapping, also known as one-to-many relationships,

Figure 2.27.

Figure 2.26: Example of a sample hierarchical database
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Figure 2.27: Example of a one-to-many relationship

An example of a hierarchical data model would be if groundwater wells had descriptive records
in a table (entity type) called "Wells". In this table attributes/columns such as well name, depth,
tapped aquifer, etc could be found. Abstraction rates are also listed in a separate table called
"Wells Abstractions" with attributes such as average monthly abstraction, year, percentage of

water use for agricultural purposes, etc. The Wells table represents a parent segment and the
Wells Abstractions' table is a child segment. These two segments form a hierarchy where Wells

may have many children such as abstraction rates, water qualities, but each child may only have

one parent.

2.4.3 Network Model

The network database organizes data in a network structure. Any column in a network structure
ofnarenu 3 structure' a network structure can be described in terms
»(parents and children. This mode! allows for children to have more than one parent.

Network databases have not fou ddatabases. They have the same flexib^^im?^ 3cceptance in GIS than the hierarchical

ZraT":1 S'“,UrC ^sentig “ WerarChtal Abases; however, the
seos.aphrc phenomenon. However, network dX ’”"1” a"““s more r“listic m°deline °f

ases to become overly complex too 
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easily. In this regards, it is easy to lose control and understanding of the relationships between

elements.

2.4.4 Relational Model

Three key terms are used extensively in relational database models: relations, attributes, and
domains. A relation is a table with columns and rows. The named columns of the relation are
called attributes, and the domain is the set of values the attributes are allowed to take.

The basic data structure of the relational model is the table, where information about a
particular entity, i.e. groundwater wells, is represented in columns and rows. Thus, the
"relation" in a "relational database" refers to the various tables in the database; a relation is a
set of rows. The columns enumerate the various attributes of the entity (e.g. the well's name,
and owner), and a row is an actual instance of the entity (a specific well) that is represented by
the relation. As a result, each row of the Wells table represents various attributes of a single

well.

All relations (and, thus, tables) in a relational database have to adhere to some basic rules to
qualify as relations. First, the ordering of columns is immaterial in a table. Second, there can't be
identical rows in a table. And third, each row will contain a single value for each of its attributes

i.e. each row has a well name.

A relational database contains multiple tables, each similar to the one in the "Hierarchical"
database model. One of the strengths of the relational model is that, in principle, any value
occurring in two different records (belonging to the same table or to different tables), implies a
relationship among those two records. Yet, in order to enforce explicit integrity constraints,
relationships between records in tables can also be defined explicitly, by identifying or non-
identifying parent-child relationships characterized by assigning cardinality (1:1, 1:M, M:M),

Figure 2.28. Tables can also have a designated single attribute or a set of attributes that can act
as a "key", which can be used to uniquely identify each row in the table (e.g. Well ID could be

used as a primary key).
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Figure 2.28: Example of a relational database

2.5 Data Quality

2.5.1 Definitions
There are three main parameters related to data quality: accuracy, precision and error. The

definitions of these indicators are:

2.5.1.1 Accuracy
Defined as the closeness of results, computations or estimates to true values (or values
accepted to be true) since spatial data is usually a generalization of the real world, it is often
difficult to identify a true value, but work instead with values which are accepted to be true for

p e w en measuring the accuracy of a contour in a digital database, we compare to the

suXOcUeofStheEarthOn ^P’ C°nt°Ur d°eS not exist as a real line °n

tru7vlesorttXX?neIaCClirate *** ObSerVed mea^ements are very close to the

2.5.1.2 Precision

Defined as the number of decimal places or significant digits in a measurement precision is
the same as accuracy; a large number of significant digits does not necessarily indicate that
measurement is accurate

g aphical Information Systems for Undergraduate Students



Introduction to the Geographical Information System
71

It could be said that the data is precise if the observed measurements are very close to each
other. This one is called statistical precision. Numerical precision is the number of significant
digits that an observation is recorded in. A value recorded to 4 decimal places is more precise
than one to 2 decimal places.

The difference between accuracy and precision is clarified in the following example: consider
Figure 2.29 that illustrates the trials to locate the green point using a device. The device
recorded the red points for that purpose. Compare between these trials.

(c) Low precision, high accuracy

(b) Low precision, low accuracy

(d) High precision, high accuracy

Figure 2.29: The differences between accuracy and precision

2.5.1.3 Error

An error is defined as the difference between the true value and the obtained value when

considering the presentation of reality using G IS.

Geographical Information Systems
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• Positional Accuracy: is defined as the closeness of a location to its true position. In
ordinary mapping, accuracy is inversely proportional to map scale. For example, a map

to scale 1:1,000 is more accurate than one to scale 1:100,000.

GeWicallnformation

or Undergraduate Students

of time for GIS datasets, i.e have'd'^ appropriateness of using a particular period

one dataset? a*a rom different time frames been combined into

• Logical consistency: is the de
underlying database. It is an indication^ ^ere may contradictory relations in the

un ers oots, unwanted intersections ° topo,ogical problems, such as overshoots,

cosed polygons, missing or duplicate labels,

n r o ris Data Quality
2,5,2 is very important for establishing a reliable Gls

Understanding the concept of data of the original jnput data and on the
database The accuracy of GIS data depends accuracy )mp|)es hlgher |nitig|

precision with which input data are proc cQSts Therefore, selecting the

Hp determined by a set of questions: What is the GIS database
1. Needs: This criterion may oe database? What is the complexity of the

needed for? What is expected from tne u

2 bX—»e —*,o spend' ”hat is the available
3 “i,: Depending on .he availability of .he initial data in the market, the

4. allocated for estabhehing the GiS

database.

The international Organization for Standardization (ISO, 2001) has proposed that the following

elements should be used to describe the quality of the dataset:

There are two components to positional accuracy: relative and absolute accuracy.
Absolute accuracy is concerned with the accuracy of data elements with respect to a
coordinate scheme. That is how close the location on the map or data representation is
to its real location on Earth. For example, 95% of the well locations are within 50 meters

surveyed locations. relative accuracy is of greater concern than absolute
of the ohiprf31 ,Sp Sj.milar a s^ape on the map or data representation is to the shape

10 meters from th' ' 7 ^mple'the bou nd a ries of an area do not vary by more than
XU meters from their actual shape.

the reliability of valuesassigned 'mPfOrtant as positional accuracy. It is an assessment of
world values. ° ea^ures *n the dataset in relation to their true real



Introduction to the Geographical Information System
73

. Completeness: is the degree to which data is missing in addition to the method of
handling missing data. For example, the ability to estimate rainfall rates in specific areas
may be compromised if data is not available for specific areas.

. Lineage: is the degree to which there is a chronological set of similar data developed
using the modeling and processing methods. For example, population estimates may
not be available for all years; may be estimated on different days of the year; or may be
estimated using different estimation techniques and data sources.

2.5.3 Common Errors Found in a GIS Dataset

Data editing and verification is in response to the errors that arise during the encoding of spatial
and non-spatial data. The editing of spatial data is a time consuming, interactive process that
can take as long, if not longer, than the data input process itself. Several kinds of errors can
occur during data input. They can be classified as:

o •.aness of the spatial data: This includes missing points, line segments, and/or
polygons.

o Location placement errors of spatial data: These types of errors usually are the result of
careless digitizing or poor quality of the original data source.

o Distortion of the spatial data: This kind of error is usually caused by base maps that do
not have a unique scale over the whole image, e.g. as a result of stretching aerial

photographs.

° Incorrect linkages between spatial and attribute data: This type of error is commonly
the result of incorrect unique identifiers (codes) being assigned during manual key in or
digitizing. This may involve assigning an entirely incorrect code to a feature, or more

than one code being assigned to a feature.

o Attribute data Errors: Often the attribute data does not exactly match the spatial data.
This is because they are frequently from independent sources and often different time
periods. Missing data records or too many data records are the most common

problems.

2.6 Practical Exercises

2.6.1 Vector Model versus Raster Model

This exercise aims to practice GIS
representation, converting vector

data simulation; a comparison between vector and raster data
data into raster data with different cell sizes and vice versa.

2.6.1.1 Import Data into a New ArcMap Project

- ----------------------------------- Geographical information Systems for Undergraduate Students -



Introduction to the Geographical Information
System

J • rt from "C-\GIS_Tutorial\Chapter2\Exercisel\" or by opening ,

,ayw.,yrusine
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3 ST^fWInat. System box. did. Refined .hen Geographic Coordinate
Stem ten select World end finally select WGS 1984 as the coord,nate system to be usiid

« mSgeThe map as shown in figure 2.30. Turn on and then off both Roads and landuse

layers by clicking on the box left to the layer in the table of contents. Notice how the real
world picture is presented by vector dataset models.
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map.

Graphical ,nfor|

jt as "Exl_2.mxd" °n

ArcCatalog.

rigure 230: ArcGIS map arranged for Exercise 1.

2.6.1.2 Convert a Vector Model to a Raster Model

Open a new ArcGIS project, Save
"C:\GIS_J utorial\Chapter2\Exercisel\".
Add Soil.shp using the Add Data button or by dragging it from ArcCatalog. se|ect the
Double-click on the Layers dataset (or right-click and then select Properties), se
Coordinate System tab. eastern
From the Select Coordinate System box, click Predefined then Projected Coordinate
then select National Grids and finally select Palestine 1923 Palestine Grid as the coor

system for the man
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5. Double-click on Soll.shp in the table of contents window (or right-click on It then select
Properties), select the Symbology tab.

6. Select Categories from the Show; window, click on Unique values. In the Value Field select
Formula as a field for classification. Click on Add All Values then press OK, Figure 2.31.

Figure 2.31: Symbology of the Soil dataset

7. In the ArcToolbox window, click on the Conversion Tools, then on To Raster, double-click on

the Polygon to Raster tool.
8. In the Polygon to Raster window, select the Soil shapefile to convert it to a raster or you can

drag it from the table of contents to the Input feature box. Use the soil Formula for the
Value field. The tool will convert the shapefile to a raster file based on the soil formula.
Enter 10 as the value for the cell size (this means that the cell size is 10 meters).

9. Save the output file on the same folder, naming it "Soil_10m , Figure 2.32.
10. Repeat step 8 with a cell size of 50 and then compare the two results, Figure 2.33.
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Figure 2.32: Polygon to raster conversion tool
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2.6.1.3 Convert a Raster Model to a Vector Model

In this exercise, you will convert the raster you created in the previous section back to a vector

data model.

1. Click on the Conversion Tools in the ArcToolbox window, next on From Raster then double­
click the Raster to Polygon tool.

2. In the Raster to Polygon window, select the soil_R10 raster file to convert it to a shapefile or
you can drag it from the table of contents to the Input feature box. Use the soil Formula for
the Value field.

3. Save the output file on the same folder, naming it "Soil_R_to_V_10", then press OK, Figure

2.34.

Figure 2.34: Raster to polygon toolbox

4. Repeat step 2 for the Soil_R50 raster, then compare the two results shown in Figure

2.35 with the original Soil shapefile.

(a) Original vector shapefile
... /h) Shapefile created from a raster (10 m cell size)
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(b) Shape's created from a raster (50 m cell size)

„gure Comparison W.«p rector datasets origlnatine from different cell size raster datasets

2.6.2 Joining Spatial and Non-Spatial Datasets

This exercise illustrates how non-spatial data (i.e. descriptive or time series datasets) could be

linked with spatial data. In this exercise, there are three types of datasets:

Location of wells (wells.shp): this is a shapefile representing the location of groundwater
7rimanry Key)^ The attribute table of this shapefile contains the wells ID

descriPtive information
code, depth elevation ™ m ^overnorate- It includes information about well

dbase is unique; this meansThaf1153^ tapped aquifer and formation. The well code in this

One relation could be develooecTh presented by only one row. In this case One-to-
Ocscription.dpf table. etween the wells shapefile (spatial dataset) and the

3. Time series of well abstract!rate for the same wells from°i97^^^^ which c°ntains the annual abstraction
e ell id is not unique, i.e. many row. alS° contains the Wells ID (in this table

relationship* Shapefile daXltUnd"ell)’ tWS H6'*’0”

o this table is called a one-to-many

ln this exercise, two types nfrelationships. of connections will be tesfp , nrested, One-to-One and One-to-Many

2-6.2.1 one-to-one Relation

1 ?ror"c7GKC®’,olK'.®eitis.E>, ..
Tirne_series.dbfand0?u^hapter2\Exercise2"'nadHGIS-Tut0ria|\ChaPter2\Exercise2\".

rem-shp datasets. dd the Wells.shp, Description, dbf,
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3. Click on the Identify tool then on any well in the map window to see the attribute data
attached with the wells.

4. Right-click on Wells.shp then select Open Attribute Table to open the attribute table,

Figure 2.36.

tOpy
X Remove

Open Attribute Table

Zoins And Relates >

Zoom To layer

& 2comToRAeVi$*>e

'xisibie Scale Range ►

us< Symbol levels

^election >

Libel Features

Con.-t lto Annotation...

Convert features to Graphics...

Convert Sym&oiogy to Rapresentaoon...

Qau> ►

Save as la^er File...

gf’ PrOper^es...

Figure 2.36: Opening an attributes table of a GIS dataset

5. Do the same for Description.dbf and Time_series.dbf tables.
6. Arrange the three tables, so that you can see the complete table of contents as shown

in Figure 2.37.
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7. From the table of contents, right-click on Wells.shp, click on Joins and Relates then
select Join. The Join Data dialog box will appear.

8. Joining the two tables (wells and description tables) will be established by using the
WelJD field. Note that in both tables this field is unique and could be considered as a
primary ey field, fill out the Join Data dialog box as shown in Figure 2.38 and then press
OK to continue the join process.

GeOgraPhicallnformationS

or Undergraduate Students

Figure 2.37: Tables arranged for joining
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Join DaLi

VWW <to yfrj want to jcr,to th* layert
[.'on atiH&wiee frcm o tab’® ' “

1. Choo jo the fiey m th* i*y* m« tn« jwi ™a be baeed m:
pVELLjO ~ ------------ —i

2. Choow the tab'e to jo«rt to th* layer, or load the table from <s*k:

|® DeiOrijJMrt ~~ Vj (

P Shev/the attribute taKe*e/iayMih th* w

3 Ckoom mo field ih me table to base the io n on:

I

^bjwt Jwy Oata

Advanced..

Ok [ Car-oei [

Figure 2.38: Join Data toolbox

9. Repeat step 3 and compare the differences. You will find many attributes attached to
the Wells shapefile such as well owner, depth, etc. from the description table.

10. Expand the Attributes of Wells table and notice how the Description table is appended
to the Wells attribute table, Figure 2.39.

Figure 2.39: Attributes of the Wells after being joined with the Description table

11. At this point, the joint table is temporary. This means that you can cancel the join any
time To save- you have to export the Wells.shp to a new shapefile. To do this, right-click
on Wells.shp,select Data and then click on Export Data, Figure 2.40. The Export Data
window will appear, browse to the location where you want to save the exported 
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- Q layers

i

it -wells Details.shp", keep other fields as its default values and th

shapefile, name it WIs shapefj|e t0 the map.
press OK twice to accept adding tn

0 Tu' X Ren»ve

H)TKr® open Attrbute Table

0 D=: Joins and Relates

^.oom To Layer

£ ■cc-'Oi-1-' -’

VtsMe Scale Range

Label Features

Convert Features to Graphics...

Convert Symbology to Representation...

Use Symbol Levels

Selection

Data ►

Save As Layer He...

< Properties...

Display SourceJSelection | j 3 n < |

, Drawing K - ?  J: A G’. Aria!

Figure 2.40: Exporting data to a new shapefie

12. Open the attribute table of the Wells_Details shapefile. Compare this attribute table
with the attribute tables of the Wells.shp shapefile.

13. To remove the duplicated fields; right-click on the name of the field you want to remove
and then click on the Delete Field icon, Figure 2.41.
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0 -dill 5hov,': I A!1 Selected [ Records (0 out of 23 Selected) Options -

Figure 2.41: Deleting fields from a table

2.6.2 Join Tables

1. To remove the join between Wells.shp and Description.dbf, right-click on Wells.shp, select
Joins and Relates then select Remove Joins. A list of all join relations will appear. In this
exercise there is only one join relation called Description which was established in the
previous section. Click on it to remove, Figure 2.42.

Layers
C:\Tempos\Materic

H H
o Copy

- 0 Tul X Remove
□

[HD Tim HD °Pen Attribute Iab,e

iHD De:

<<% £oom To Layer
Remove Jom(s) ► [ Descnpbon

Jcxns and Relates _____>

<
Display

Qrav.ing

Convert Features to Graphics...

Convert Symbology to Representation...

Qata

Visible Scale Range

Usg Symbol Levels

^election

Label Features

Save As Layer File...

Properties...

Soura | Selection | '|j 0 ; ? u < |__________

7 y ! gH A - -y.

Relate... Remove A3 Joins
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Figure 2.42: Remove the descriptive join

2. Open the attribute table of Wells.shp, you will find that it has been stored in its Origina|

form.

2.62.3 One-to-Many Relation (Relate Tables)

In this section, you will link (relate) the Wells shapefile with its time series of abstraction rates

The Well_ID field will be used for this purpose.

1.
2.

3.

Open the Attributes of Wells table.
Right-click on Wells.shp, click on Joins and Relates then select Relate. The
will appear.

Relate dialog box

Fill out the Relate dialog box as shown in Figure 2.43 and then
relate process.

press OK to continue the

Reiatmp Data

Relate

Relate lets you associate data with this layer. The associated data M
appended into this layers attribute table like it is in a Join Instead you

141414 '* p4','Cul4rt>' u4«fui It there is a Uomsny ormanKo^WMsoMiion between the layer and the related data.
1 Choose the field in this layer that the relate will be based on:

2LJ Cancel
fl«»r4S;Re!.tedlt8t00|boi —----------1

^’,ck on row 11 in tk a

5- Click on the Onf ° ttr,^utes of Wells tahl

c on Wells Abstraction rates:

™ Time Series

on:

4

2. Owe the tebie odajerto relate to this i,yer. or load from disk:

'•VEIL ID

erSfaduate Students 
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Figure 2.44: Open defined relation

6. Open the Time_Series.dbf table, then click on the Selected button, Figure 2.45, to preview
all records (rows) related to WellJD: 15-19/021.

7. Repeat steps 4, 5 and 6 for Well_ID: 15-20/002.
8. You can remove a link the same way as removing a join relation descried in the Join Tables

section.

Record: l<|jJ| 12

; fid Shape WELLJD |

0 Point IE-18/006 1

1 Point 15-18/012

2 Point 15-18/015

Point 15-18/020

4 Point 15-18/021
c Point 15-18-02-

6 Point 15-18/025
7 Point 15-19/006

1 81 Point 15-19010

1 9 Point 15-19/012

1 10 | Point 15-19/017

i ► 11 Point 15-19/021

12’Point 15-19/025

13 Point 15-19/028

1- Point 15-15'0-2

15 Point 15-19 0-7

16 Point 15-190-3
17 (Point 15-20'002

18 (Point
15-20/002A j

19 (Point 15-20'003

20 Point 15-20/008

21 Point 16-19/001
221 Point 16-19/011

Figure 2.45: A defined relation
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2M Working within CIS File Formats

. p converted from a vector data model to a raster data
section 2.6.1 shows how data ur, formaB 10 other formats.
model. Here, you will convert

4.

1.
2.
3.

2.6.3.1 Creating a Layer File
Create a new ArcGIS project, save it as Ex2_3 on.* C.\GIS_Tutorial\Chapter2\Exercise3\"

From "C:\GIS_Tutorial\Chapte 2\Exercise3" add the Geology.shp shapefile.
Double-click on Geology.shp (or right-click and select Properties). When the Layer Properties

window appears, select the Symbology tab.
In the Show window select Categories then select Unique value.

5. In the Value Field select Formation which is to be used for classification.
6. In the Color Ramp, select the green to red spectrum from the list of colors.
7. Click on the Add All Values button, and then click on the Labels tab in order to label thgeological features, Figure 2.46. he

Figure 2.46: Symbology window

In the Labels window, check the box at the left-top corner to view labels on the map. Select

presloVtof nth F 6 35 KeeP Other fields as default ValUeS
press UK. to finish, Figure 2.47.

' &08r,ph'“l
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Figure 2.47: Labels window

At this stage, you have classified the geological map into five categories; each category has a
specific color and label features on the map. Since the type of geology is a shapefile, then the
classification and labeling of this shapefile will not be saved within the structure. To save the
symbology and labels within the dataset, you can convert it to a layer form.

9. Right-click on the geology shapefile, and then click on Save As Layer File. The Save Layer
dialog box will appear, save it as "Geology_layer" on the same location of the Geology
shapefile. To check your work, you can open a new ArcGIS project and add both the Geology
shapefile and the Geology_Layer to the map window. Then compare the difference between

the two datasets, Figure 2.48.
10. Step 9 can be also be done from ArcCatalog; browse to the Geology shapefile, right-click on

it, then select Create layer to open the Save layer dialog box, Figure 2.49. In this case the
labeling and the symbology of the dataset will be saved after creating the layer in the same
way described in steps 2 to 8. Try to convert the Land use shapefile into a layer.
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3 ArcCatalog - Arcinfo - C:\Tempos\Materials\Chapter 2\Exercise 3\Landuse.shp

: Creating a layer using ArcCatalog
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Figure 2.48: Creating a layer using ArcMap
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2.6.3.2 Working with a GeoDatabase/Personal Geodatabase

The Exercise 3 folder contains different types of datasets for the Tulkarem Governorate;
boundary, soil, land use, geology, roads system, wells, location of solid waste dump sites, DEMs

streams and localities. Since these data files are related to the same geographic location, it is
recommended to store them in a Personal Geodatabase or Geodatabase depending on the size
and the purpose of these datasets.

1. Open ArcCatalog, browse to folder "C:\GIS_Tutorial\Chapter2\Exercise3\".
2. Right-click on Exercise 3, select New then click on File Geodatabase, Figure 2.50. A new

Geodatabase will be created under the Exercise 3 folder, rename it as
"Tulkarem_Governorate". At this stage, you have created an empty geodatabase without

any data. In the same way, you can also create any new "empty" type of GIS data form;
shapefile, layer, coverage, personal geodatabase, etc.

Figure 2.50: Creating a new geodatabase

3. To Store data l„ the geodatabase, right-dlck on the Tulkarem.Governorate
you can import existing datasets (feature datasets, table, or raster, or you an ere, e new
types of datasets Figure 2.S1. To import datasets, you have two options, you can import
types or oaiaseis, rig ZCrtOtliro rbec (Multiole )), or you can import them one
each type of datasets in one step, (Feature Class ( P

by one (Feature Class (Single

89
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Figure 2.51: Create new/lmport different GIS datasets into Tulkarem_Governorate.gdb

4. Select Feature Class (Multiple ..), the Feature Class to GeoDataBase dialog box will appea ,

Figure 2.52. this
5. Click the Open Folder button, and then browse to Exercise 3. Select all shape i es i

folder to be added into the Tulkarem_Governorate geodatabase, then click OK to finish.

6. Do the same to import DEM into the geodatabase.
7. Click on the plus sign on the left to the Tulkarem_Governorate geodatabase to expan

check the contents of this geodatabase.
8. Create a Personal GeoDatabase for Tulkarem Governorate.
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Input Features

C

£ Feature Class to Geodatabase (multiple)

ccc

C :\TemposXMaterialsXChapter 2\Exercise 3\Dumping^Sites .shp
C :\Tempos\Matefials\Chapter 2\Exercise 3\Geology .shp
r .TemposXMaterialsXChapter 2\Exeroise 3\Landuse .shp

Tempos\Materials\Chapter 2\Exercise 3\Localities .shp
TemposXMaterialsXChapter 2\Exercise 3\Roads .shp
.TemposXMaterialsXChapter 2\Exeroise 3\Soil .shp
Tempos\Materials\Chapter 2\Exeroise 3\Streams .shp
,Tempos\Materials\Chapter 2'•Exercise 3\TulkatemjGovemorate .shp
,Tempos\Materials\Chapter  2\Exercise 3\Wells .shp

'.Ttput Geodatabase

C;' TeiT.pos '-hlaterials -Chapter 2 .Exercise 3 -Tulkarem^Governorate.gdl

OK Cancel | Environments... Show Help >> |

Figure 2.52: Import multi features to Tulkarem_Governorate.gdb

2.6.3.3 Exporting Data to CAD Format

CAD is a very important technology used in engineering. ArcGIS includes tools to interact with
CAD software. In this exercise, you will save a copy of the road system in Tulkarem Governorate

inCAD drawing format (*.dwg or *.dxf).

1. If the ArcToolbox window does not appear in the ArcCatalog interface, you can add it by
clicking on the ArcToolbox button. AcrToolbox will then be added to ArcCatalog.

2. Browse to the Tulkarem_Governorate geodatabase, click on the positive sign to expand.
3. In the ArcToolbox window, click on Conversion Tools, then expand the To CAD tools.
4. Since you want to export the Roads dataset, click on Expand to CAD. The export dialog box

will open.
5. Drag the Roads dataset from the Tulkarem_Governorate geodatabase to the Input features

box.
6. Select the CAD type you want, also, save the exported file on Exercise 3. Click OK to finish,

Figure 2.53.
7. Open the exported file by using any CAD software you have.
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Figure 2.53: Export a GIS feature to a CAD file

ArcGIS has a very wide range of conversion tools that could be used to convert from one type to
another. You can open ArcToolbox and check the available conversion tools. Figure 2.54. Try to
test some of them.

Geographical lnformatin„ c
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Figure 2.54: Conversion tools in ArcToolbox

2.6.4 Converting Surveyed Data to a GIS Feature

Suppose you have a set of elevation points that have been collected using a GPS for Salfit
Governorate. The data was stored in a Microsoft Excel file including X-coordinates, Y-
coordinates and elevations. Now you want to convert this Excel file into a shapefile.

1. Open Elevation_Salfit.xls from "C:\GIS__Tutorial\ Chapter2 \ Exercise4 . Check the structure
of the Excel sheet, the sheet should be in the form of a database; the first row contains the

titles of columns while the other rows contain the data (values) with no formulas, empty

fields or merged cells, Figure 2.55.

for Undergraduate Students
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E

250173347

170727

169604

168874

166619170109

Figure 2.55: Elevation points stored in a Microsoft Excel file

2. folder:

3. salfit.xls

Look in:

Name

Name:

Cancel

Add Data

SDsheetZs
®Sheet3s

Create a new ArcGIS project, save it as "Ex2_4" on the
"C:\GIS_Tutorial\Chapter2\Exercise4\".
From "C:\GIS_Tutorial\Chapter 2\Exercise 4", double-click the Elevation Points ___
icon. All sheets within the Excel file will be listed, Figure 2.56. Click on the elevations$ sheet
then click Add. This sheet will be added to the Map view.
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4. From the same folder add the Salfit.Governorate.shp shaoefile
5. The Microsoft Excel file is inserted to the table of mnuJ f 7

To convert it to a spatial file (geographic file), right-click on thep f°rm °f 3 table'contents, then select Display XY Data Figure 2 57 Th elevat,°n$ file in the table of
' gurez.s/. I he New dialog box will appear.

H g Layers
B ® C:\TwosWMtrials'

0 El Salfitj3ovftrnora-

0
ED FHWMn

---------------EHprr

loins and Rdm

properties...

DisplayXYData...

§J5 Gaocode Addresses...
ft Display Route Events...

Figure 2.57: Converting elevation points to spatial dataset

6. In the dialog box select the fields that represent the X and Y values.
7. Click on the Edit button to define the coordinate system of the XY data, click on the Select

button then double-click Predefined. Double-click on Projected Coordinate System then
select National Grids, Palestine 1923 Palestine Grid system. Click OK twice to finish defining

the grid system.
8. The Display XY data form will be similar to Figure 2.58. Click OK to finish.
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eievacof
- Specif'the fields for the Xand^Ycwrdinates^

. x Field:

Y Field: Fy.coord

17 Warn me if the resulting layer will have restricted functionality

OK I Cancel

map as a layer

Choose a table from the map

p Coordinate System of Input Coordinates-------

Description:
Projected Coordinate System:

j Name: Palestme_1S23_Pa!estine_Gnd

i Geographic Coordinate System:
Name: GCS_Palestine_J 923

A table containing X and Y coordinate data can be added to the

Orbrowjeforsnothertsbte;

Figure 2.58: Display XY Data definition window

9. A new spatial GIS file will appear in the table of contents named elevation$_Events. This file

is called an event shapefile. To convert this file into a permanent shapefile, right-click on this

event shapefile, click Data then Export Data to save this file as a shapefile.
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2.7 Discussion

i. Convert the following vector datasets to raster datasets (use the given cell sizes), then
comment on the output results:

for Undergraduate Students
Geographical Information Systems



Introduction to the Geographical Information Systeril

■ ctPr datasets to vector datasets, then comment:
2. convert the following raster datasets

model »' h" a «"«nu«us phenomenon can be represented using a vector data
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Use the elevation points in the figure below to establish
a TIN (use different colors).

5. Re-arrange the table below in order to be linked to the map in both One-to-One and One-to-
Many relations.

.________ Groundwater Wells
Well_ID 15-18/006 15'18/012 15'18/015
Elevni 145 ISO 270
Owner MUHAMMAD 'ABED AL HALEEM MUHAMMAD KHADER 'ABDALLAH KAMEL AL SALEM & PARTNERS
Locality FAR’UN KUPUR JAMMAL KU?UR ZEEBAD
Depth, m 165 163 404
Usage Agricultural Agricultural Domestic
Aquifer UC UC LC

A
bs

ta
rc

tio
n 

R
at

es

2000 217549 363182 222318

2001 324255 327385 230760

2002 344051 360601 ___________ 309423___________

2003 264291 317495 206940

2004 342711 337625 844767

2005 299549 259139 3887Q5

Average 298734 327571 283819
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15-18/006

•

15-18/012

•

15-18/015
•

6. Which data models can be stored in a Geodatabase?

7. Use the same approach in Section 2.6.3 to create coverage for the Landuse, Wells and Roads
datasets, compare between these coverages and their corresponding shapefiles.

8. Suppose you want to establish new GIS datasets, what are the strategic issues to be
considered before you start?

Ge°eraphical
,nformation
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Coordinate Systems and Map Projections

3.1 Modeling the Earth

3.1.1 Introduction

The geometry of the Earth was discussed, studied, and imagined thousands of years ago. Around
300 B.C., scientists concluded that the Earth was round and very closely to a spherical shape,
Figure 3.1(a). In a mathematician s language, the Earth's shape is very close to an ellipsoid,
Figure 3.1 (b). An ellipsoid is defined as a three dimensional solid object formed by rotating an
ellipse, a two dimensional object, about one of its axes, Figure 3.1c. In the case of the Earth, the
ellipse is rotated about its minor axes producing an oblate ellipsoid. An oblate ellipsoid is
flattened at the poles, Figure 3.2. Thus, the term oblate applies only to an object which rotates
as the Earth, since the term pole would have no meaning otherwise. A prolate ellipsoid would
apply to an ellipsoid which is expanded at the poles produced by rotating an ellipse around its

major axes, Figure 3.3.

(a) Sphere

Figure 3.1: Geometrical shapes of a sphere, ellipsoid and ellipse
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Figure 3.3: Shape of prolate ellipsoid

In the Earth s case, the major, or semi-major, radius is defined by the radius of the equator; the

equatorial radius. The minor axis, or semi-minor axis, is defined by the distance from the center
of the Earth to either pole, and is referred to as the polar radius. Being an oblate ellipsoid, the
po ar radius is required to be somewhat less than the equatorial radius. The distance around the

thp NnrtTUa?cIS 24,901,55 m,,es (4°075.16 km) and 24,859.82 miles (40008.00 km) between

North .nd South Pofes.Thu difference bewun the two Is 41.73 miles (67.16km).

3.1.2 Projecting the Earth

The Earth has irregularities, Figure 3 4 that lTherefore, a spherical globe is not n *t eep ^°m ^e’n^ a simple geometric solid.
problem, projection methods are reoi,rePresenting the Earth. To solve this
minimum distortions. 0 lllustrate the Earth (or part of it) on flat maps with

Geographical Information SvstAmer . 
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Figure 3.4: Irregularities of the Earth.

Projection is a method used to represent the curved surface of the Earth on the flat surface of a
map. There are many map projection methods used in projecting the Earth. Each map projection
has advantages and disadvantages; the appropriate projection for a map depends on the scale
of the map, and on the purposes for which it will be used. The process of transferring
information from the Earth to a map causes every projection to distort at least one aspect of the
real world; either shape, area, distance, or direction. For example, a projection may have
unacceptable distortions if used for a large area on the Earth (e.g. Russia), but may be an
excellent choice for smaller areas like Palestine. The properties of a map projection may also
influence some of the design features of the map; some projections are good for small areas,
some are good for mapping areas with a large east-west extent, and some are better for

mapping areas with a large north-south extent.

To understand how the Earth is projected, it is necessary to be familiar with the terms and
parameters which are used for this purpose. Some of these terms are described in the following

sections.

3.1.2.1 Latitude & Longitude

The Earth, as an ellipsoid. Is divided into a network of vertical and horizontal lines The

horizontal lines are called latitudinal lines which are parallel to t e equa or, .iyides

lines are called longitudinal lines or meridians which converge on eac po . getween the
the Earth into the Northern Hemisphere and Southern Hemisphere, The angk> betwee^uhe

equator and the po.es Is 90 degrees The
England, divides the Earth into two halves of 180 g
Greenwich Meridian or Prime Meridian, Figure 3.5.
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Figure 3.5: Latitudinal and longitudinal lines
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Prime or
Greenwich
Meridian

3.1.2.2 Scale

The relationship between a distance on a map, chart, or photograph and the corresponding

distance on the Earth is a scale. The scale is usually given as a fraction or ratio such as

1:2,000,000, or 1/2,000,000.

3.1.2.3 Aspect

An aspect is the position from which the Earth is viewed when it is projected. A polar aspect is
tangent at the pole, an equatorial aspect is tangent at the equator, and an oblique aspect is
tangent anywhere else, Figure 3.6.

(a) Polar aspect

Figure 3.6: Types of aspects

(h) Equatorial aspect
(c) Oblique aspect

Geographical
ln*orrnat'On Systems for

Undergraduate Students
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31.2.4 Hemisphere

The largest part of a globe that you can see at one time is a hemisphere. Any half of the globe is

a hemisphere. The Northern Hemisphere includes all the areas to the north of the equator and
the Southern Hemisphere all areas to the south, Figure 3.7.

(a) Northern hemisphere (b) Southern hemisphere

Figure 3.7: The Northern and Southern Hemispheres

Geographical Information Sterns « graduate Students

3.1.2.5 Coordinates

Every point on the globe has a meridian (longitude) running through it from north to south and a
parallel (latitude) running through it from east to west. Maps and globes only show some of the
meridians and parallels because if they were all showed the map would be covered with lines
and not very useful. Longitude and latitude are measured in degrees and marked with the
symbol. There are 360 degrees of longitude; measured 180 degrees east and west of the prime
meridian, and 180 degrees of latitude, measured 90 degrees north and south of the equator as

shown in Figure 3.5 above.

Considering the Earth to be perfectly spherical, one degree of latitude along c‘ J

one parallel to the next one (1° away) always measures the same distance because

measures distance. That distance amounts to about 69.1 mile (111.1 m .

One degree of longitude on the ether hand, measures an angle, so

longitude is a different distance at ever, latitude• »•
spherical, then at the equator 1° of longitude is the
the distance is 34.5 mile (55.6 km); and at either pole the istan

H nf a dppree Minutes are marked with '
Minutes and seconds are used to measure smal er p minute, so on
and seconds with One minute is 1/60 of a ^ee and^km Q, 30.9 m|.

the equator 1' is about 1.15 mile (1.85 km) and

thp narallel and meridian that pass
The coordinate of a location is given by the intersec latitudes, or east or west
through that location, along with a direction stating north or south
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Areal distortion and angular distortion can exist independently of each other, so a given
projection might have only one of those two kinds of distortion. However all projections have
scale distortion often used as a convenient measure for the accuracy of a map. The amount of
scale distortion is indirectly related to the amounts of angular and areal distortion. A map has a
stated scale called the nominal scale or principal scale, which is somewhat arbitrary but usually
equals the scale of the center of the map. At any point on the map the scale may vary from the
nominal scale, and the ratio of the two is called the scale factor at that point. Unless the
projection has no angular distortion at the point being measured, the scale factor at that point
will vary according to direction, and in that case the scale distortion could be defined in many
different ways.

• cipal varieties. Areal distortion causes different regions on
These distortions come in two pnnP respect other For examp|e< many
the map to have disproportion their actua| size. Distortion of shape is technically called
show areas smaller or arSer ,tse|f as shearing, meaning that map features are
wlar di« * - * ™ K o e„iM and any 0( those properties can be changed
babied or bent. Since globes have many p distortio„,

me’ns that distances are not shown correctly with respect to each other;

direction distortion, which means that directions are hot shown correctly; and interrupt™,
which means that two points next to each other on the globe are separated on the map.

3.1.3 Natural Projection Class

There are three main natural projection classes used to project the Earth with minimum
istortion. These classes are called cylindrical, conic and planar, Figure 3 8 To understand these

surfale LT6 th3t 3 light S°UrCe iS Pr°iected throu8h a transparent globe onto a developable
such as ashtet nfSCreen ThiS/epresentation the globe or part of the globe on a flat surface,
such as a sheet of paper, can be called a projection.

Geo^PhicallnformationS

or Undergraduate Students

f For example the coordinate of Al Aqsa MosqUe
■ Iiv the latitude is g>ven ir , ,r«14'8"E (longitude).for longitudes- Ty p.caY \ and 35 14 8

(Jerusalem, Palest>ne)'S 31

3.1.2.6 Distortion they are not curved in three

chow a distorted view of the to make as accurate a map as possible,
XXXcartdg^^^ projection classes; each distorting the Earth i„ a

and that is why there are so

different way.
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(b) Conic class

Geoyapbical Sys.ems <«r UodW.do..e S.uden.s
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(c) Planar class

Figure 3.8: Natural projection classes

3.1.3.1 Cylindrical Projection Class

A cylindrical projection projects information from the spherical Earth to a cylinder. The cylinder
may be either tangent to the Earth along a selected line or may be secant (intersect the Earth)
along two lines, Figure 3.9. Imagine that once the Earth's surface is projected, the cylinder is
unwrapped to form a flat surface. The lines where the cylinder is tangent or secant are the

places with the least distortion.

(b) Secant along two lines

(a) Tangent at selected Vine

Figure 3.9: Tangent and secant Vines used for projection

■----------------Geographical Information Systems for Undergraduate Students
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There are two main types of cylindrical projection; Mercator = a T
Mercator projection ,s created using a cylinder tangent at th! Averse projections A
Mercator projection is created using a cylinder that is tX F'gUre 3’10' A Transverse
3-11- t3ngent at a elected meridian, Figure

Figure 3.10: Mercator projection

Figure 3.11: Transverse Mercator projection

Geographical Information Systems for Undergraduate Students
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• projection Class
3.13.2 Conic n J they do a poor job minimizing distortion

■ nroblem with cylindrical ™ are ’ p°°r chol“ ,Or mappi"S ^e

countries (such as projection, which projects shapes from the

• Mr mapping such regions is a c unr0|led into a flat sheet without anyg better d»« for«« of cou,se can be« (o (he Earth wj„ be , ’

Earth's ipp8,e wns „ear the line where * e„“angency is moved nearer to the equator and

;SZi.n. By using*^^^ency is moved doser to the pole, Figures B.u

by using fetter, more open cones, t

and 3.13.

(a) Tangent at a single parallel (b) Secant at two parallels

Figure 3.12: Tangent and secant parallels

Fi^e 3.13: conic projection

31‘3‘3 Planar Projection Class

(a flat suPrfaL)\°en|dVgTrectaneP|'n 'hWCh deta'IS °f the gl°be are pr°iected °nt° ^fthe

8 ectan8ular-shaped map. With a planar projection, a portion of

— Geographical Information Systems for Undergraduate
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case, the
a common point of origin

.s projection shows true
on the map. Although these

may be centered anywhere on the

Earth's surface is transformed from a perspective n '
parallels are represented by a system of concentric h ? 3 SUrface' ln the Polar
from which radiate the meridians, spaced at tr,,Q , ° eS shar,ng = co
direction only between the center point and oTher VcatiT 3’14’

projections are most often used to map Polar Regions thl
Earth's surface. 5 ' ineY

(a) Secant

Figure 3.14: Planar projection

3.1.4 Projections and Projection Parameters

(b)Tangent

Virtually all projections in common use fall into one of the above three categories. They are
either cylindrical (regular or transverse), conic or planar projections as customized by slightly

different projection parameters. Projection parameters are options of how t e l0r'

arranged. For example, a planar projection can be centered on any poin on ar
the latitude and longitude of the desired central point. Conic projections may be customized by

specifying the parallel of latitude at which the cone sho^d be tangen

ladWdedZg^ee coordinates'into the numbers used within the projected coordinate system.

. • narameters in use together with the data,
Some GIS formats automatically save the.pro) P — automM|ca||v fetch all
Figure 3.15. While Importing wi„ ,oad the coordinates for that drawing
necessary parameters from such smart rormau>
with the correct parameters necessary to use the data.

--------------------------- Geographical Information Systems for Undergraduate Students
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Add
Cancel

Rrowse for Coordinate System

Coordinate System

Coordinate System

1965... Coordinate System
Coordinate System

Coordinate System

Coordinate System

Coordinate System
Coordinate System

Coordinate System

Coordinate System

Name
JfjTF France HI {degrees).prj
©NTF France IV (degrees). PO

©Observ'atorioMeteorolegico:
©Ocotepeque 1935 Costa RicaLam..

©Ocotepeque 1935 Costa ^ca lam..
©OSNI 1952 Irish National Gnd.prj

©Palestine 1923 Israel CS Gnd.prj
©Palestine 1923 Palestine Bdt.prj
©Palestine 1923 Palestine Gnd.prj
©Pampa del Castillo Argentina 2.prj

Name: |

Show d type: [coordinate Systems

Look in: [□ Nations16^
Oil □□

Figure 3.15: Example of some projections stored in ArcGIS

When importing projected drawings from legacy GIS formats that do not save the projection
information with the data, the user will need to know what parameters should be used with that
drawing. The user will then have to enter this information manually into that drawing's
coordinate properties so Manifold can use the data as intended.

Once a map is constructed using a given projection, the map is a flat surface. Distances on that
flat surface may be measured as X and Y rectangular coordinates, with the X coordinate being
the distance to the right of the vertical line passing through the origin or the center of a
projection. A negative X coordinate represents the distance to the left. In practice a false X or
false easting is frequently added to all values of X to eliminate negative numbers. Likewise, the Y
rpntlngUfar coorcJ'nate ’s ^stance above the horizontal line passing through the origin or

northinc is neg3tiVe Y ^eing distance below. In practice, a false Y or false
norttaoB ,s frequently added to all values of V to eliminate negative numbers.

3.1.5 Geographic Coordinate System

A geographic coordinate system is onr of th
reference system that uses a three-ri’ m°St common coordinate systems. It is a
Earth. Any location on Earth can . *mei?S'ona' sPherical surface to determine locations on the
coordinates. For example, Figure 3 16 erencec^ a P°*nt with longitudinal and latitudinal
represented by the coordinates of an d °WS 3 geograp^ic coordinate system where a location is

atesofSO degrees east and 55 degrees north.

ion Systems for Undergraduate students
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Figure 3.16: A geographic coordinate system

To make the geographic coordinate system useful, a map grid must be divided into small enough
sections that can be used to describe, with an acceptable level of accuracy, the location of a
point on the map, Figure 3.17.

60 Nautical miles (69.0*) miles)
al the equator

Figure 3.17: Dividing a map into smaller grids

An alternative method of notation in the geographic coordinate system, often used for many GIS
applications is the decimal degree system. In the decimal degree system the major (degree)
units are the same, but rather than using minutes and seconds, smaller increments are

represented as a percentage (decimal) of a degree.

The decimals can be reported to four places, resulting in a notation of DD.XXXX’N, DD XXXX’E
When using four decimal places, the decimal degree system is accurate to within ± 36.5 feet
(11-12 m). However, because the accuracy of the fourth decimal place is often uncertain,
decimal degree coordinates are often rounded to three decimal places. This results in an

accuracy of ± 364.8 feet (111.2 m).

Geographical Information Systems for Undergraduate Students
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35’0‘0'E

M'ffO-E

’s

b
b

8

"w. m «lp«, „lstorieal Pfctlne U ,ne the 6eoeraphfc

3.1.6 Universal Transverse Mercator (UTM)

The Transverse Mercator Projection (utmiworldwide system for mapping. UTM msn * System was an attempt to set up a universal

0 different lines, each of which is a stand ^"1^^ W'th 3 transverse cylinder projection using
(six degrees per step) UTM assures that all" U™ Z°ne"' By rotating the cylinder in 60 steps
around t3.neent line of one of the 60 cylindc^15 °n Eartla wi^ 136 within 3 degrees of the

X AT'The "rs> X A± troiMtas' FiBUre 3,9- ™s 60 Mnesgeographic coordinate system). gnS at the International Date Line (180’, using the

34‘30'0'E 35’0'0’E 35’30‘0'E

f Al Aosa Mosque in Jerusalem, Palestine when expressed Usin
For example, the location °t « m but when using the decimal degree notation

minutes and seconds is 31 46 3 35 ^e.
this same location is written as 3 .

• n the geographical coordinate system is shown in Figure 3.I8. |t
the .eng— « 34° ir 40"E and 3S» 40' 00~E and bet„een

the latitudinal lines 29° 30'00”N and 33 16 00

34’OtTE 34’30‘0’E
35’30‘0'E

Geographical Information Systems for
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(a) Transverse Mercator (b) Universal Transverse Mercator

Figure 3.19: Transverse Mercator versus Universal Transverse Mercator projections

The zones are numbered from west to east, so zone 2 begins at 174°W and extends to 168°W.

The last zone (zone 60) begins at 174°E and extends to the International Date Line. Figure 3.20,

shows two UTM zones; Zone 10 and Zone 11, this Figure also shows how these two zones

overlap.

Positions are measured using Eastings and Northings, measured in meters, instead of latitude
and longitude. Eastings start at 500,000 on the center line of each zone. In the Northern
Hemisphere, Northings are zero at the equator and increase northward. In the Southern
Hemisphere, Northings start at 10 million at the equator, and decrease southward. The user
must know his hemisphere and zone to interpret the location globally. Distortion of scale,
distance, direction and area increase away from the central meridian of each zone.

The zones are then further subdivided into an eastern and western half by drawing a line,
representing a Transverse Mercator Projection, down the middle of the zone. This line is known
as the 'central meridian' and is the only line within the zone that can be drawn between the
poles and is perpendicular to the equator (in other words, it is the new 'equator for the
projection and suffers the least amount of distortion). For this reason, vertical grid lines in the
UTM system are oriented parallel to the central meridian. The central meridian is also used in

setting up the origin for the grid system, Figure 3.21.

Figure 3.20: UTM zones, Zones 10 and 11

-----------------------Geographical Information Systems for Undergraduate Students
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■ distance east of the origin (its 'easting' value). By
a nint ran then be described by its dista Qf 500000 meters in order
de»U the Central Meridian It numbers. Any easting value greater than 500.000

eliminate the necessity for usmg «a »e Any eastin6 va,ue less than 500,000

meters Indicates a point east meridian. Each UTM tone has its own ong,„ tor
meters indicates a point west of the
east-west measurements, Figure 3.21

Origin of |
false

Approximately
600,000m at equator

Equator assigned
northing value of
0m for North Hemisphere
and 10,000,000m for
South Hemisphere

- Central Meridian
1 bisecting zone is

Assigned a false
easting of 500,000m.

500,000m

Figure 3.21: Details of the UTM zone

The zones are numbered from 1 to 60 eastward, beginning at the 180th meridian. Some software

use negative zone numbers to indicate that the data is in the Southern Hemisphere, e.g. zone 19
is north of the equator, zone -19 is south of the equator, Figure 3.22. The Figure shows that
Palestine is located in Zone 36 N.

Geographical information Systems fnr 11 h
y ems for Undergraduate Students
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Figure 3.22: UTM zones and their numbers
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3.1.7 Projected Coordinate Systems

.. . nn , fiat two-dimensional surface. It is based on a
A projected coordinate system is defined on at
geographic coordinate system that is based on a sphere

Idontifipd bv x, v coordinates on a grid, with the
In a projected coordinate system 'J0031'™” has tw0 va|ues that reference it to that central

origin at the center of the gn . ac h jts vertica| position. The two values
iocation. One specifies its honzontP, t o an th

are called the x-coordinate and y-coordmate. Using

are x = 0 and y = 0.

r II hnri7nntal and vertical lines, the horizontal line in the
<’he central vertical line Is called the y-axis Units are consistent

nd a spaced across the fall range of x and y. Horizontal lines above the origin and vertreal
toes to the right of the origin have positive values; those below or to the left have negatrve

values.

Palestine is located in Zone 36 N (UTM) as shown in Figure 3.22 above. Based on this location,
Palestine is projected using a local Palestinian grid system which was developed during the
British Mandate. The origin of this coordinate system is located in the Sinai Peninsula (Egypt) as
shown in Figure 3.23. The parameters used to project Palestine in this local coordinate system
are shown in Figure 3.24. These parameters are stored in ArcGIS and can be used to define the
coordinate system for any feature as shown in the practical part of this chapter.

Figure 3.23: Historical Palestine using the Palestinian coordinate system
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XY Coordinate System | Z Coordinate System |

Spatial Reference Properties

Name: iPalestineJ923_Palestine_Grid ‘

Details:

Projection: Cassini -- ----------
False_Easting: 170251.555000
FalseJJorthing: 1268S7.909000
Central.Meridian: 35.212081
Scale_Factor 1 .CCOCOO
Latitude_Of_Origin: 31.734097
Linear Unit: Meter (1.000000}

Geographic Coordinate System: GCS Palestine 1923
Angular Unit: Degree (0.017453292519943299)“
Prime Meridian: Greenwich (0.000000000000000000)
Datum: D_Palestine_1923

Spheroid: 0afke_188O_Benoit

Figure 3.24: Projection parameters for the Palestinian grid

3.2 fencing

Georeferencing is the method by which the geographic data (raster) is aligned to a known
coordinate system. Georeferencing may involve shifting, rotating, scaling, skewing, wrapping,
rubber sheeting and orthorectifying. This is usually done using control points.

Control points are points in the raster that have known coordinates. In the real world, the
following could be used as control points: road intersections, the corner of a building or any
other visible, small, stable, permanent, and well-defined landmarks. For example, Figure 3.25
shows control points that may be used to georeference the raster. Figure 3.26 shows the
location of points with known coordinates and also illustrates the process of georeferencing the

raster.
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Ftu,e 3.26: »< control points » a »"«»»

, cnatial reference information (either embedded in the
ffle™rlVaasZrartePfile)°nSon1etirT1es aerial photography and satellite imagery have the

Jcadon information delivered with them but they are inadequate and the data does not align

roperly with other existing data. Thus, in order to use some raster in conjunction with other
spatial data, it must first be georeferenced to a known coordinate system then it may be

viewed, queried, and analyzed with other geographic data.

The number of control points needed to transform a raster dataset to permanently match the
map coordinates of the target data depends on the quality of the original raster. The user has
the choice of using a polynomial or spline to determine the correct map coordinate location for
each cell in the raster. Use a first order, or affine transformation, to shift, scale, and rotate a
raster dataset. This generally results in straight lines on the raster dataset mapped as straight
lines in the warped raster dataset. Thus, squares and rectangles on the raster dataset are 
commonly changed into parallelograms of arbitrary scaling and angle orientation. With a
minimum of three links, the mathematical equation used with a first-order transformation can
map exactly each raster point to the target location. Any more than three links introduces
errors, or residuals, that are distributed to all the other links. However, the user should add
more than three links because if one link is incorrect, it will have a smaller impact on the
transformation. Thus, even though the mathematical transformation error may increase as the

user creates more links; the overall accuracy of the transformation will increase. The higher the
transformation order, the more complex the distortion that can be corrected. However,

ansformations higher than the third order are rarely needed. Higher-order transformations
raX^d^rt10^^^ tklJS/ W'11 involve Pr°gressively more processing time. In general, if the

however thp^V 6 Stretched' sca,ed> and rotated, use a first-order transformation. It
,* "(T b' b“> » -se a second- or third-order

input raster datasets. ’ ”” eXam|>le5 °f eeor<*rencin6 methods needed for different

In general, the Table below exnlaino thQ
minimum number of control points needed' erent transforrnation methods, their uses and the

Geographical Information Systems for UndB u
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10 points

Control Points
3 points

6 points

Method of
Georeference

Used for

First order (Affine) Stretched,
scaled, and

rotated

Second order Bent or curved.

Third order Bent or curved.

Table 3.1: Methods
s

3.3 •:es

3.3.1 Define a Projection for a Dataset

Suppose that you have a hard copy map of the West Bank Governorates. This map was created
based using the Palestinian Coordinate System. To convert this map into a vector dataset, you
should first georeference the map then digitize it into a shapefile. In this exercise you will define
a coordinate system for this shapefile. Since the original map was developed using the
Palestinian Coordinate System the digital shapefile should also have the same coordinate

system.

1. Open a new ArcMap document, then add the West Bank_Governorate shapefile from
"C:\GIS_Tutorial\Chapter3\Exercisel\Shapefiles\". Since the coordinate system is still
not defined for this shapefile ArcMap will inform you that the georeference of the
loaded shapefile is not defined, Figure 3.27. Click OK to finish loading the shapefile. If
you want to check the coordinate system of this shapefile; you can right-click on the
West Bank_Governorate shapefile from the table of contents, select Properties then
select the Source tab in the Properties dialog box, you will find that the coordinate

system for the shapefile is not defined, Figure 3.28.
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West Bank-Governorate

j j mis^nq spatial reference

AfCMaP'bUt Projeded:

A Unknown Spatial Reference

OK

Figure 3.27: Spatial reference dialog box

Figure 3.28: Layer Properties dialog box

ArcToolbox. ExpanTp^rt^6™’/^3^ Data ManaSement Tools item from

Figure 3.29, the Define Projecbon^Vwill opTati°nS' °" PrOjeCti°n'



■=“'«"a>eSKtemsandMapp,ojKtiom

I n I/?
3;

$eoreferenang

0 0

i

Transformations

[tfj ArialA
[Set the projection information for a oataset. 119056.33 92901.436 Unknown Units

| West 8ank_GqvemoratE|

0 2$ H ® ■" fb ® i

Favcnles [index J Search | Results ]

ic/J Data Interoperability Tools
Data Management Tools

< Data Compar.son
<■ Database
> Disconnected Editing
+ D.stributed Geodatabase

Domains
♦ Feature Ciass
+ Features
* & Reids
♦ B'e Geodatabase
*. General
+ Generalization
+ Indexes
■> Joins

Projections and

♦I & Raster

&!e £dlt yje-.v Insert Selection Tools Window Help

U ArcToolbox |
K5F3D Analyst Tools

Qrav.mg

Display [Source | Selection j

□

I Editor

Figure 3.29: Location of the Define Projection tool

3. Drag the West Bank_ Governorate shapefile to the Input Dataset... box, Figure 3.30.

Figure 3.30: Define Projection dialog box

H’nnte System window, the Spatial
4. Click the button on the right side of the oor i ^.^g box, you win fjncj six

Reference Properties window will open, Figure . ■ of the projection
buttons; the first is the Select button which is used to select
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XY Coordinate System ) Z Coordinate System |

ii

OK Cancel

Spatial Reference Properties

Geographical Information Systems for Undo
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Figure 3.31: Spatial Reference Properties dialog box

georeference of the source^f th^h proJect’ons stored within ArcGIS. Since the

you should select Projected c S ape^e’s Palestinian Coordinate System, then
You can do this by one of thpfnii ln3te Systems- Now browse to Palestinian grid system.

a. Click on Nat' ( e/° Ow,ngtwoways:
click Add, OK and OKnnr^60 br0Wse to the Palestine 1923 Palestine Grid.prj,

OK once aga.n to define the coordinate system, Figure 3.32.

. ArrriK The second is the Import button. This button is used to conv

X »"»ther da,aaet The *h“ "“T T ',Vsed t0 d"ir”X „ «« system not stored In the ArcGIS package. The other three button

e" to modify, dear and save the defined coordinate system.

H 'Unknown
Name. |

Details:
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Browse for Coordinate System

Figure 3.32: Define Palestinian grid system from National Grids

b. Click on the UTM folder, browse to WGS 1984 then select WGS 1984 UTM Zone
36N.Prj. Click Add, OK and OK once again to complete the definition of the
coordinate system for the shapefile, Figure 3.33.

tate System

Name______________________
O1 WGS 1934 UTM Zone 34N.prj
®WGS 1934 UTM Zone 34S.prj
®WGS 1934 UTM Zone 35N.prj
®WGS 19341074 Zone 35S.prj

|WGS 1984 UTM Zone 36N.prj
®WGS 1934 UTM Zone 36S.prj
@WGS 1934 UTM Zone 37N.prj
0WGS 1984 UTM Zone 37S.prj
©WGS 1984 UTM Zone 3SN.prj
©WGS 1984 UTM Zone 38S.prj

I Type

Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System
Coordinate System

Name: |WGS 198— UTM Zone 36N.prj

Show of type: | Coordinate Systems

Add

Cancel

Figure 3.33: Defining the Palestinian grid system using UTM zones
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3.3.2 Transfer Projections

0Editor

Georeferencing

173665.93 116945.957 Unknown Units

Untilled - ArcMap -Arcinfo

Favontes I Mex I Search I p-esu‘ls I

Data Comparison

Database
£ Disconnected Editing

Distributed Geodatabase

Doma ns
Feature Class

Features
Fields
Re Geodatabase

General
Genera'ization

t
 Indexes

Joins
i e..j

Projections and Transformations
ty FUdldJU-------------------------------

Batch Project
Create Spatial Reference

f| ? Project T

In this exercise you will create a new shapefile from West Bank_Governorate with a differcoordinate system; The Geographic Coordinate System. ent

1. Use the same map you created in Section 3.3.2.

2. From ArcToolBox click on Projections and Transformations, scroll down to Fand click on Project, Figure 3.34. eature

Qrewng * [ k O | * A v fr. Anal

Qspigy [Source j See-cron |

Re Edt View [nsert Selection Tools Wndow Help

D fij B C X «n

Figure 3.34: Opening the Project tool

3. By clicking on the Project tool, a new window will appear. Drag the West
Bank_Governorate shapefile to the Input box. The Project tool will read the
coordinate system of the loaded shapefile (Palestine 1923 Palestine Grid). In the
output box browse to "C:\GIS_Tutorial\Chapter3\Exercisel\Shapefile\". Type "West

Bank_Governorate_Geographic" as the name of the new shapefile.
4. Click the button on the right of the Output box to browse for the new coordinate

system From the Spatial Reference Properties window click on the Select button
th 7 eCt GJOgraphlc Coordinat* Systems, click World then select WGS 1984.prj as
the geographic system for the shapefile. Click Add then OK.
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5. From the Geographic Transformation box, select Pal? f
The Project window will look like Figures.35. S 1923-to_WGS 1984_1

Input Coordinate System (optional)

Output Dataset or Feature Class

C:\TeniposWerials\Chapter 3’fxercise l£h.

tput Coordinate System

Project

Input Dataset or Feature Class

| West Bank_Governorate

-•:-gi;apliic i ransformation (optional)

Palestine_1323_To.

uh

_WGS_1384_1 +l
vl

I >l
OK Cancel Environments... Show Help »

Figure 3.35: Defined parameters of the Project tool

6. Click OK. The system will create a new shapefile with a geographic coor mate

system. Click OK to add this new shapefile to the map.
7. Save the map in the Exercise 1 folder. Keep it open for the next section.

Presenting a Map Using Different Projections

The map created l„ Section 3.3.2 has two ^Pe™^~
You can check the coordinate system of the tw P bottom-right

properties. The coordinate system of the map is nott yet ® in  wj|| be p|otted using
corner of the map, the map units are still unknown, ow,
both the Palestinian and Geographic grid systems.

1. From the Table of Contents, double dick on the Layers data frame. The properties of

the data frame will then be illustrated. Coordinate System window,
2. Click on the Coordinate System tab. In the e ec t then c|jck on the

expand the Layer folder. Click on the West
coordinate system below the name of the shape i e,

Geographical Information Systems
for Undergraduate Students



Clear

Transforms th.

Select a coordinate system: 

Modif*/..

Import...

Nev?

E CH <custom>
Add To Favorite:

From

OK

Figure 3.36: Defining the coordinate system for the map (Palestinian Grid)

5.

Data Frame Properties

Pafestine,1923_Palestine_Grid

3.
4.

Size and Position
] Grids | Map Cache

fl Favorites
B Q Predefined

E Layers
E Q WestBank_Govemorate_Geographic

E €3 WestBank.Governorate

Coordinate Systems and Map Projection

Click OK to close the window. Then click Yes on the Warning win ow. yOu will
Notice the coordinate system for the map (bottom-right corner o t e
find that the map is plotted in meters, the unit of the Palestinian gri • to 4-
To plot the map using the Geographic Coordinate System, repeat steP$ s^apef^e
select the coordinate system of the West Bank_Governorate_geograp J ^.ts will
instead of that for the West Bank_Governorate shapefile. The map s
change from meters to degrees, Figure 337.

G”"1Phfc,"n,.™““S«t-fo.Unde.er.du.t.slUde„B

Cancel Apply

.Annotation Groups ) Extent Rectangles | Frame

General | Data Frame Coordinate System j Illumination

Current coordinate system:
Palestine_1923_Palestine_Grid
Projection: Cassini
False.Easting: 170251.555000
Fa!se_North:ng: 126867.909000
Central_Meridian: 35.212081
Scale Jactor: 1.000000
Latitude_Of_Origin: 31.734097
Linear Unit: Meter

GCS__Pa!estine_1923
I Datum: D_Pa!esfane_1923
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I Editor

' £eoreferencing

g 0 West Bsnk.Governorat*

its? I Index | yph | R»ouhg|

Qrjwng

35*11'20-1?7'E

Entitled-ArcMap- Arcinfo

i < a

D$W Comparison
Database

Disconnected Editing
Distributed Geodatabase

Domains
Feature Class
Features

A v ■ |.P] Anal

R _g 0*wSt5ank.Governorate

Fi'e Geodatabase
General
Generalization
Indexes

f Joins
■> (to Lavers and Table

“ Projections and Transformations
Feature
j$ Batch Project

Create Spatial Reference

! gle

i 0 gS B ® I ' ®

fTjT”

Display | Source | Seloci cn I

□ *

[nsert flection Tools iXmdow He?p

Cd

Figure 3.37: Map in Geographic Coordinate System.

3.3.4 Georeferencing Maps

Historical maps, satellite images and aerial photographs form the main sources of spat*

In this section aerial photos taken from GoogleEarth will be georeferenced.

3.3.4.1 Turning on the Georeferencing Tool

1. Open a new ArcGIS map. Save it on "C;\G|VFi8ure
2. Click the View menu; then on Toolbars and . f Figure 3 39.

3.38, the Georeferencing toolbar will open In the ArcMap interface. Figure 3.39

Geographical Information Systems
for Undergraduate Students
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Animation
QU Scrollbars

Untitled - ArcMap -Arcinfo

Toolbars

3D Analyst

Advanced Editing

Annotation

Arc Hydro Groundwater Toolbar

Arc Hydro Tools

Status Bar

Overflow Annotation

—----------0 payout View
Editor *------'' ’

_  £oom Data

Zoom Layout

~ Bookmarks

Be insert Selection Tools ®ndow Help

Main Menu

------------------' ArcPad
pg* Data Frame Properties...

ArcScan
i ® 5 COGO

,+-Data Frame Tools

Dimensioning

® Distributed Geodatabase

eQi!0™'
I ® Q j ✓ Editor

Effects

Geometric Network Editing

Geodatabase History

Figure 338: Adding the Georeferencing toolbar

Figure 339: The Georeferencing toolbar

3.3.4.Z  Adding an Image With Known Reference Poln,s

1. From "C:\GIS_Tutorial\Chapter3\Exercise2\shapefiles" add the Wes
Governorate and Frush Beit Dajan area shapefiles and Frush Beit Dajan.bmp i
(Frush Beit Dajan is a Palestinian village located in northeast of the West
Jericho Governorate).

2. Zoom in on the Frush Beit Dajan area shapefile.

—*■"—s,ittmsfdrundereraduMstudents 
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3. In the Layer box on the Georeferencing toolbar, select Frush Beit n • r.

4. Click on the Georeferencing button. Un-tick the Auto Adjust tool then iT

Display. The Frush Beit Dajan.bmp will overlay the ArcMao d'isnl t0
Figure 3.40. This is the approximate location of this image P 7 "

Figure 3.40: Positioning an image to its approximate location

5.
You will find three blue points, these points are the control points whichi 

used to georeference this map. Zoom in to one of these three poinis in

record its coordinates. From the Georeferencing toolbar, c ic center of
Tick on the center of the blue point, a green point will be crea e i
the blue point. Click anywhere on the screen to finish adding t e

Figure 3.41.

■ Geographical Information Systems for
Undergraduate Students
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Xoote Jflpndow
0 &

EbtOL

georeferenWfi

- 0 west B8nk_Govemora:e

191855.178

Dapiay [So^ce | Selection |

194327.352 173335.737 Meters

iFfush Sert Dayn-brcp]

ye &K £<«■

D

=* layers

- 0

Layer. |Ffui-b> Be-'. D^anMo

RGB
■Red: Band.l
E Green: 5and_2
■ 5'ue: 5and_3

- 0 Frush-Beitdajan.area

firawng K

Insert Section

Figure 3.41: Adding a control point

Click on View Link Table on the right corner of the Georeferencing toolbar. The table

SoZ TvctS Wi" 0Pen' Y°U Wi"find one row in the ^ble. The values of the X
Man arp'th °U^e the coordinates the green cross, while the X Map and Y
Map and Y Ma^ tT16 Cr°SS’ Now you w'** chan£e the values of the X
the same for m! 00 ™P' Click X Map type "191855". Do
the first control pointFigureli78554" d'** °K t0 COmplete the definition of

the transformed locations of TeaSUre cornPatibility between the true locations and

error, consider deleting it hu C°ntro1 points- lf there is a link with a large
delete icon. V lghh8htlng the point in the link table and clicking the

Geographical |nformation
ms tor Undergraduate Students--------
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Figure 3.42: Editing the defined control point

7. Click Go Back to Previous Extend button on the Tools toolbar. Then repeat steps 4
and 5 for the other two control points after which the image will look like Figure

3.43.
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georeferenong

. Untitled-AreMap-Arcinfo

I Rush Bat DajanTbmpJ

Layer |Rush Bet

RGB
■ Red: Bend.l
O Green: Bfind_2
■ Blue: Bend-3

= 0 Frush Beitdejen_erea
□

E 0 WestBankjGovemorate

DtsptoyjSotfce | Seaton]

Qra;.ng

Edtor

F;'e £dt Wew [nsert gefertoa Tools t£rxkw Help

d & q a > e x m

194730.534 179163.033 Meters

Figure 3.43: Location of the three defined control points

8. To transfer the three control points to their new locations, click on
Georeferencing button, and then use the Update Display tool. The three g

crosses are then moved to the location of the red crosses, Figure 3.44.
9. To save the image, click on the Georeferencing button, then on P

Georeferencing. The control point will now disappear, two files with the

name will be created in the same folder. One is a text file with the extension „
which stores the coordinates of the image and the second with an extension
which saves the coordinates in a file readable by ESRI products.

GeotrlBhi“"*«’" S«.ms(orundereraduatestudents
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3 0 V/MtBank.GovC'norate

D;$p!ay [Source | Selection |

' j Anal

194551.143 1 769 75.561 Meters

A Untitled - ArcMap- Arcinfo

[Frush Beit

i Layer. | Truth Be.l Dajan.bmp

Qra-.ving ▼ ’J i

RGB
■ Red: Band„l
□ Green: Band_2
■ Blue: Band J

3 0 fixtfhJBertdajanjsrea

lj E«’e Edit £ie-.v Insert Selection lools £mdo

, 0 £> H U

Editor

Figure 3.44: The georeferenced image

3.3.4.3 Georeferencing Images Based on Other Datasets

In this section, an image will be georeferenced based on the image 8e°ref®r®n“^

previous section. The two images complete each other; therefore, at least three
located in both images can be identified.

1. Add Frush Beit Dajan2.jpg from the Exercise 2 folder, Figure 3.44.

2. From the Georeferencing toolbar, change the Layer to Frush Beit Daj Jpg

3. Click on the Georeferencing button, then on the Fit to Display ’ $ jn the

Dajan2.jpg will cover the overall ArcMap display. Use t e ca e aa e
Georeferencing toolbar in order to view the two .mages in the same a p

3.45.
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Figure 3.45: Preparing the images for georeferencing

4. Find at least three similar points in both images. Use these points to create control
points as done in the previous section but without typing the coordinates. The map
will look like Figure 3.46.

Geographical Information Systems for Und ,
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SVS,ems«M.PProiecttons

Fl®ure 3.46: Adding control points

Repeat steps 8 and 9 in the previous section to finish georeferencing the second

'mage, Figure 3.47.
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* Untitled - ArcMap - Arcinfo

Figure 3.47: Map showing two referenced images
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3-4 Discussion

c»«"..es,stemsandMapProieaions

1. What are the differences between a sphere and an ellipsoid?

2.

3.

What are the differences between Cylindrical, Conic and Planar Projection Classes?

What are the main distortions that may be generated

Earth? Explain why these distortions occur?
as a result of projecting the

4. What are the UTM zones used in the following countries: Egypt, Jordan, Brazil and

India?

5. Convert the following points from DD° MM' SS" to DD.xxxx:

a. 31°22'34"N 35 31'55"E

b. 32° 57 00"N 35 30' 30"E

c. 33° 00' 34"N 35 55' 15"E

6. Use the images and shapefiles in the "C:\GIS_Tutorial\Chapter3\Exercise3" folder to

do the following:

a. Check the coordinate systems used in all the datasets in the folder.
b. You will find that the coordinate system of one of the images is defined. Use

it to georeference the other images.

Geographical Information Systems for Undergraduate Stude
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Visualization of Spatial Data and Map Cartography

Visualization of Spatial Data and Map Cartography

4.1 Introduction
t H to convey geographic information, highlight important geographic

M?PS T "and oresent analysis results. Any GIS analyst will at some point end up with some
relationships, and p Thjs G,s user can fulfill the purpose of his map by using

proper placement elements and ct»osln6 symbols and carto6raphlc elements that are tailored

for the message that wants to be communicated.

Cartography is very much an art, with a long history and with much literature devoted to it. How
a map is designed depends on the particular objectives of the mapmaker. One obvious objective
for creating a map is to simply show where things are. Other map objectives may be to share
information, guide people, or illustrate the results of an analysis. The primary objective is usually
not to create a beautiful map but to create a product that communicates effectively, efficiently,

and clearly.

Before maps can be designed the cartographer should get a feel for the nature of the
information, since this determines the graphic options. This is done via cartographic information
analysis. Based on this knowledge the cartographer can choose the correct symbols to represent
information on the map. In most of the GIS software packages, the cartographer has a whole
toolbox of visual variables available to match symbols to the nature of the data. These are
applied according to the cartographic rules and guidelines.

Maps constructed using these basic cartographic guidelines are not necessarily appealing maps.
Although well constructed, they could still look sterile. The design aspects required to create
appealing maps also have to be included in the visualization process. Appealing in a
communicative sense does not only mean having nice colors. One of the keywords here is
contrast. Contrast will increase the communicative role of the map since it will create a kind of
hierarchy in the map contents, assuming that not all information is of equal importance.

ge eral, a cartographer is required to pass through a set of stages in order to create a good

map, starting with the selection of features in the real world to include, classification of the

ton small 'h65'Simpllfication of comP|ex lines (e.g. roads), exaggeration of features that are

selected feat5 °f and fina"v 5Vmbolization of the different classes of the

«P‘" B“ide ,he User “ — °'tools provided by the ArcGIS software packages.

4.2 Cartography

Cartography is the art and science of man i ■
from two Greek words, "chartis" mea P mak'ng’ practiced by cartographers. The term comes
general, cartography can be described intT ?^P' and ,grapbos"< meaning to draw or write. In

a m the following points:

Geographical Information Systems for 11
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. The art and science of creating a map.

• A process of abstraction in which features of the re I
to meet the demands of the theme and audience generali«d or simplified

• Using systems that have advanced tools for ma
symbol and font libraries, and interfaces for expenXe'hiah P,a,Cement of labels, |arge

• Form of visual communication; a special num gn quallty output devices
relationships. PUrp°Se lan§uage for describing spatial

. Use of visual resources such as color, shape and oatt
about spatial relationships. em to communicate information

4.3 Map Generalisation

Generalization is one of the main issues needed in producing a man it « □and simplified representation of map appropriated with the map sca^T'3 Selection

**•map. For example, in a map
necessary to keep the unneeded information such as local roads or/and oca on of ucommunities or even labels and annotations, Figure 4.1. 7 f

ilkaremCity

Faroun DS

Al r.lasqoufdi D S

(a) Map with a lot of details
(b) General Map (less details)

Figure 4.1: Tulkarem Governorate maps with different map details
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Figure 4.2: Tulkarem Governorate map in different scales
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4.4 Cartographic Symbology

Maps are symbolic representations of geographic features and the F h, £
paper. Representing geographic features in their true ' E th S surface on a sheet of
when the map has a 1:1 scale. However, using this W'th details is only P°ssible
thematic data shown on a map must undergo a f rarely practica|, al1 features and
finally symbolization. In effect, maps are complex tTl °f Slmpllflcation' generalization and

scaled-down geospatial data, and graphicsymbolog, Is that l8"eXal^L™„'™™"i“,'"e

Cartographers and geographers use symbols on maps to represent various geographic
phenomena myolymg location, distance, volume, movement, function, process, correlation, etc

Once the purpose of a map has been established, it is necessary to select which geographical
features aie to be depicted on the map, and in what manner. Map scale is an important factor in
determining which features can be shown and how. In general, there are two basic symbol
designs that may be used to portray information on maps; pictorial and abstract.

4.4.1 /Symbols

Pictorial symbols, Figure 4.3, look like the features that they represent. These symbols tend to
reflect the shape and color of the feature. For example, the symbol for an airport may be an
airplane, or the symbol for a vegetated area may be a green polygon.

4* $ ® ®
Figure 4.3: Sample of pictorial symbols

4.4.2 Abstract Symbols

Symbols described as abstract are geometric shapes assigned to represent a feature, Figure 4.4.
For example, a series of graduated dots or squares could represent populated places on a
reference map. On the other hand, colored or patterned polygons could represent varying

concentrations of people, on a population density map.

Figure 4.4: Sample of abstract symbols

4.5 Data Classification
. a Unique symbol to each data record.

When a dataset is large, it is not practical *° aSjsgc|assified or grouped. There are several
Therefore, for mapping it is essential that a a t^e level of measurement and the
methods of classifying data. In choosing the ng

- Graphical '’d“a“S,“de"'S
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both be considered. The classification method
underlying distribution of the dataset being mapped, and at the same time
" ’should adequately describe he phe $ A|| dassito„on methods depe„d „„

ad itate the cartographic display of ’Pa<' ’ classes contain all values ,n a gi.en data
exhaustive and "™*“X“>d.* d° "°’ "° “ in'°

range, no values are omitted. Mutual y

two classes.

4.5.1 Data Measurement Types

Data can also be described by the level of measurement which is usually divided into four levels

including: nominal, ordinal, interval, and ratio.

4.5.1.1 Nominal Data

Nominal data are discrete and are classed according to type or quality. For example, a line could
represent either a road or river, and a land use polygon could be residential, commercial, or a
recreational area. Nominal data are often labeled with numbers or letters, but these labels do
not imply ranking. A nominal datum can only be examined for its physical similarity to, or its
difference from, other occurrences, or for the frequency of its occurrence, Figure 4.5.

4.5.1.2 Ordinal Data

Point 4*Airport
Capital

Groundwater

Well

Town

Line
River Road Boundary Pipe

line

Area

Grassland

Water -------------------

Orchard Treatment
Plants

rigure 4.5: Sample of nominal data ---------------------------------------—

Therefore, Tt iTposs'ib'te to'^esc"^1’001 h'erarchy' in other words< relative values.

medium, or high. However it is nof6 °ne, !tem as ,arger or smaller than another, or as low,
because there are no specific num • °fSI *° measure the differences between ordinal data,

the classification of roads ranked a t0 them’ An example of ordinal data is
ranked as h.ghway, regional and local roads, Figure 4.6.
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Figure 4.6: Sample of ordinal data

Point

Well

9 Low

^2 Meduim

, f^Hiah

Abstraction

City size

Large

Meduim

0 Small

International

-^=4 National

Airports Regional

Line

Roads Drainage Boundaries

Local " i nouiary International
t Regional

Highway <=■■^■1 1 ■ River
------------- Governorate

Area

Population

□ Low

□ Meduim
Density 1—'High

Soil Depth

□ Shallow
□ Meduim
■ Thick

Water Quality

□ Poor
□ Fair
■ Good

4.5.1.3 Interval Data

Interval data, in addition to being ranked, include numerical values. The information can be
arranged along a scale using a standard unit. Therefore, it is possible to calculate the distance or
difference between ranks, which must be expressed in terms of a standard unit, Figure 4.7.

Point

Abstraction Rate
o
o
o

o cm

M
co r- co
o <=> o
o o o

CM CM

, 3. (Yearl
(m )

Abstraction Rate (m3/yr)

0 <100.000

© 100 000-200 000

200 000 - 300 000

300.000 - 400 000

400.000 - 500 000

Well Usage

45%
(Agriculture) 13%

(C

42%
(Domestic)

Line

Roads Width

-------- 3 m

---------6 m

---------9 m

12 m

fOTjaa 18 m

Roads Capacity

--------- - <5 tons

< 10 tons

f- u.=g > 10 tons

Elevation

Area

Precipitation (mm/yr)

| | < 100

| | 100-200

| 200-400

J 400-600

m 600-800

Elevation (m)

High : 500

Low

Population Density (p/km )

|m <100

[ | 100-200

HH 200 *3 00
Figure 4.7: Sample of interval/ratio data
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4.5.1.4 Ratio Data
I data except that there is a natural zero; therefore, it js

Ratio data are the same as interva ' measurements of height, weight, and length are
possible to express data as rat'os, of data it is meaningful to state that a measurement
examples of ratio variables. Witn yp what the unit of measurement is (e.K
Is twice that of another. This rat,0 rema na t ue
meters or feet) because this type of data has a

4.5.2 Data Types:
. data it k necessary to determine whether the data are qualitative

Before classify™ or growS 'asuremeot This is Important to know so that if required, the
ZrXsma! be applied to the dataset. Certain analyses pan o„!v be apphed on

particular types of data.

4.5.2.1 Qualitative Data

Qualitative data are data that are grouped in classes according to differences in type or quality.
Qualitative data have no numerical values attached. Nominal data comes under this category
(ordinal data may also be considered qualitative, if no numerical values are involved).

4.5.2.2 Quantitative Data

Quantitative data are data that contain attributes indicating differences in amount and can be
expressed as numerical values. Included in this category are ordinal, interval, and ratio data.

4.5.3 Constructing Class Intervals

The assignment of classes, intervals or cut points for nominal and ordinal datasets is fairly
straightforward. However, because of the more complex nature of interval/ratio data, more
exploration of the dataset is required. First, it is necessary to understand the underlying
distribution of the data. Forthematic mapping, different classification (or ranging) methods are
used to generalize different types of data distributions. Each method is suited to a particular
s ape of distribution. Plotting a scattergram or histogram that employs basic descriptive
tho a-ICfS-kUC^ 35 mean' m°de' median, range, or standard deviation) will reveal the shape of
method0 Utl°n ThlS ShaPe Wl11 3id 'n the selection of the most appropriate classification 

cartography, the four most comh°dS classification or ranging of interval/ratio data. In

breaks. mon are: equal steps' quantiles, standard deviation, and natural

Ge°eraPhi«l Information Systems for Und .
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4,5.3.1 Equal Steps

The equal steps method divides the dataset into clascpc with „ , •
arranged from high to low, or low to high values. In this method thediff?’
high and low values of the distribution is divided into a numh. r France between the

classification technique is useful for mapping rectangular distributions'when eL'm'eretton areas

are of equal size.

4.5.3.2 Quantile Classifications

In quantile classifications the data are arranged in sequence from low to high values and the
number of individual observations are counted. The observations are then divided into the
selected number of classes, each class containing the same number of observations. The term
quartile is used when the data are divided into four classes, quintiles for five, and sextiles for six,
and so on. This method is useful for mapping rectangular distributions.

4.5.3.3 Deviation

In the standard deviation method the mean or central point of the data distribution must first
be calculated. The standard deviation is then used to set the classes. The observations are
grouped based on how they are positioned on the plot in relation to the number of standard
deviations from the mean. This method is useful if the data distribution is a normal curve.

4.5.3.4 Natural Breaks

The natural breaks method of classification is based on the subjective recognition of gaps in the
distribution, where there are significantly fewer observations. Plotting a histogram of the data
can identify these gaps. This method, developed by George Jenks, minimizes variation within
classes and maximizes variation between classes. This technique is most useful when the

dataset has more than one modal value.

4.5.4 Data Symbolization

Once geographic features and data have been seated, generalized ’"d/l1a^;Vh'’"o™at!>on,

Is necessary to choose the appropriate graphic representation or sym 0
Syndic have characteristics that can he ™„,p^ “ S

XXXST(texture), - (dec), and color value

(brightness and lightness), Figure 4.8.
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Pattern (Texture)
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Size Orientation

Hue (Color) Hue Value

Figure 4.8: Sample of data symbolization

ik, in combination, may be applied to map symbol design. However,
2 Orally wen to the symbcllzaticn ot all types ot eeoetaphic phenomena 

datasets.

The symbolization of nominal or qualitative data is usually the least difficult. ,n this case, the
symbol design should only indicate difference in class, and not imply ranking. The variables of
shape pattern, and hue may be used for qualitative data. The symbolization of quantitative data

is more complex, and there is often a need to show data as a logical progression. Here, the

variables of size and color value are more important.

4.5.4.1 Nominal Data

Point Dataset: The design of point symbology on maps depicting nominal data should use

distinctly different shapes and/or hues, and not different sizes.

Line Dataset: Line symbols used to plot nominal data should vary only in pattern and/or hue, not
in thickness. Line symbols can also be used to indicate connectivity (e.g., roads) and separation
(e.g., boundaries).

Area Dataset: Area symbology on maps depicting nominal data, such as chorochromatic maps,
different area hues or patterns should be used and not different values of selected hues.

4.5.4.Z  Ordinal Data

shaoe nr J nt/0-7 Symbo,s on a maP depicting ordinal data may use an abstract geometric

data is using thp3 classified according to size. Another method for depicting ordinal
P“' v=^es. Size and co!or value may be

methods is possible and willT data by line weight, style, or hue. Any combination of these
' Wl|| help the user djstingujsh mo^ the map

Area Dataset: Areas can sh
Pattern fills. For further emX^9^1^ d,fferences in data by different hue/color value, and

' Pa erns can a,so be illustrated in different colors.
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4 5.4.3 Interval and Ratio Data

Point Dataset: Point symbols used to depict interval And •
colors, shapes and sizes; including graduated dots circh" Can be desi§ned " various
etc. ' ' quares, bars, block piles, pie charts,

Line Dataset: Line symbols depicting interval data can be a
commodity flows. An isopleth is a line symbol connecting ed' as in the symbolization of
joining points of equal elevation) are the most common^$ °f SqUa' Value' Contours (lines
graphically indicate elevation value and position and ak n °f thlS line symboL Contours

on, and also allow for the calculation of slope data.

Area Dataset: Area symbology depicting interval and
and patterns to show a gradual progression of data.

ratio data can use variations in color values

4.5.5 Cgf or P egressions

Color progressions in a single hue have data values increasing as the color value increases from
white to the pure color, Figure 4.9 (a). This is particularly suited to monochrome maps, with data
classes displayed as a gradual change, for example, from light to dark grey. Partial hue spectral
progressions blend one color with another, Figure 4.9 (b). Bipolar progressions display data that
range from positive to negative, Figure 4.9 (c). For example, hypsometric tints showing elevation
above and below sea level.

(a)Single hue spectral progressions (b) Partial hue spectral progression

(c)Bipolar progression

Figure 4.9: Color progression

4.6 Map Elements
th rp Are a set of questions that should be taken

Before a cartographer starts creating a map, jntended user?, Where and how
into consideration: What is the goal of the map., ° jtion of the map?, and What
will this map be used?, What data is available
resources are available (time, equipment, etc.)?.

Geographical Information Sterns lor undergraduate Students
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In general and regardless
elements as shown in Figure

of the cartographic style or content most maps have
4.10 which shows a general map of Tulkarem Governorate.

cornmon

Figure 4.10: General map of Tulkarem Governorate

4.6,1 Map Scale

The scale of the map is defined as the ratio of a distance on the map to that same distance on

the ground in the real world. The terms "small scale" and "large scale" are sometimes confused;

large scale maps show great details, small features (large representative fraction: 1:10,000)

while small scale maps show little detail, large features (small representative fraction:

1:250,000).

smaller. Also, by knowing t^scL^the s^fT'17 rePreSent Map SCales tel1 us how much

can be expressed in three ways- eXtent °f a map is better understood. In GIS, scale

has a scale of no 000 thk 3P ^*Stance to eartb distance. For example, if a map
inis meanc 1

km on the ground. A small f 006 °n th<? map rePresents 10,000 cm or 0.1

1:100,000 is a smaller scale than I-?0 rat'° SC3,e has a 'arge denominator 50
area with great detail. 5'°00. Therefore, a large-scale map depicts a small

Verbal scale (nominal): refers to d t

the scale in words. For examole-V dassified onlV into categories. It expresses

^presents one mile which convevc entimeter represents 50 meters or one inch

not common in places where p^ore meanin8 than 1:63,630. This type of scale is

'--------SyS,em' People faml"ar Wi‘h

u„fcre„duate Students ----------—
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centimeters and kilometers have little nODd L ,means the, one centimeter e“ X™' T“ *° “ ’hem 1:10<W°°

centimeters represent one kilometer

Graphical scale: is usually drawn on the map to Illustrate the distances represented on

the computerized maps, and is often preferred because an, changes are Implemented

quickly and interacts, b, the user, A graphic scale, also caked , bar scale, is used on

maps and drawings to represent length on paper with length units. In ArcGIS there are

many symbolic representation forms of graphical scales, the user can choose the desired

shape and then modify it as required, Figure 4.11.

Figure 4.11: Scale Bar Selector window

4.6.2 Orientation
A map should indicate which way is north (and/or south, east and west). Commonly this is done

by a north arrow or compass rose. Orientation may also be shown by graticule or grid marks

(e.g. lines of latitude and longitude). By convention north is towards the top of the page (thus

some maps do not have north arrows), but the orientation must still be given for a 'proper map.

North does not have to be at the top of the page and a north arrow is essential in maps where it

is not.

4.6.3 Title
, f mt dtp easilv identifiable as the title of the map and

The title should be illustrated in a large font s ,f the map is thematic,

should include descriptive text as of the loca ion Abstraction in the West Bank,

the theme should be included in the title, or e . however, it should not
2008. The title is usually the iargest font sue of a left nng on the

dominate the map graphic itself. The title may

for Undergraduate Students
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at the top of the page (though it often is). For published materials (e.g„ books or articles) the

title may be included in a figure caption instead.

4.6.4 Border (or Neatline)
A border identifies exactly where the mapped area stops. The border is often the thickest line

on the map and should be close to the edges of the mapped area. The distance between the

map and the border should be the same on all sides (balanced). There can also be a border

around the entire map layout (enclosing and grouping the title, legend, text boxes, etc.).

Both of these borders are sometimes referred to as a 'neatline.' In addition, there is sometimes

a thin additional line just outside of a border (accentuating it and ideally making it more visually

appealing) that may also be referred to as a neatline.

4.6.5 Legend
A legend defines the symbols or colors (including shades of gray and patterns) used on the map.

Maps do not need legends if the symbology is common or simple as to be easily understood by

the reader. However, it must be clear what each marker or line type, weight and pattern

represents. The legend does not need to be labeled "Legend." The more complicated the

symbology on a map the more important the legend becomes.

4.6.6 Map Credits

Map credits are text elements that give information about the map and its cartography such as

source of data, date of the mapped data, name of the cartographer, date of the map creation,

and date of the map publication and/or projection of the map.

4.6.7 Locator Map (Inset)

A locator map is needed if the area of the map is not easily recognizable or is of small scale. For

example, if you map Tulkarem Governorate, there should be an inset map of the West Bank,

showing the location of Tulkarem Governorate. Inset detail maps may also be used to show an

area of the map in greater detail (larger scale).

4.7 Practicing Cartography in ArcGIS

4.7.1 Symbology in ArcGIS

4.7.1.1 Single Symbol

all
This type of classification is used as the default classification method of ArcGIS. In this y
features in any dataset will have the same shape and color. The user could change
color, thickness, hatch pattern of all features in one step.

1. Open a new ArcGIS map. Load the Roads, Tulkarem_Governorate and Communitie
shapefiles from "C:\GIS_Tutorial\Chapter4\Exampler.

Geographical Information Systems for Undergraduate Students ~
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2.

3.

Right-click on Tulkarem_Governorate in the table of m t
Layer Properties window. ntents. Click Properties to open the

Click on the Symbology tab. You

Figure 4.12.
w«l notice that the svsten, selects 5ing|e Sym(]o| by defau|t

Figure 4.12: Opening the Symbology tab

4. To change the symbology of the Tulkarem.Governorate shapefile click on the ■buttonHn the
middle of the Symbol box. The symbol selector will then open, Figure 4-13 .The user may
select any of the already defined colors or hatch patterns or go to the option w.ndow to

select the fill out color, the outline width or outline color.

Geographical iniorot.tion Sterns for undergrade... Student. -
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Figure 4.13: Symbol Selector window

5. Click the Fill Color button, and then select Light Apple from the colors window.
6. Type "2" in the Outline Width as the border width; change the color of the border to Grey

70%.
7. Click OK twice to finish.
8. Do the same for the other two shapefiles with the following details:

a. Communities shapefile:
i. Shape: Rectangular box
ii. Color: Cherry Cola
iii. Size: 8
iv. Angle: 0

b. Road shapefile:

i. Shape: Continuous
ii. Color: Seville Orange
iii. Width: 2

The result will look like Figure 4.14

Geographical Information System; f™ i > u
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Change to a different font

Tidkare.ii Governorate

OS)

k
o

’’ 11[p] Arial

" '15707 1611~194594.109 Meters

Display [Source

k 

Roads

E S? Layers
0 0 Communities

l Eile Edit Jflew Insert Selection loots ftjndow tlelp

~ — 1 . r-. . . ----------- —----------------
JSHSI.lv s X | m

1 Editor. v 1 i •- ’r t<’-! ■ f- -

J . [7252.280

,| 1
___ -d |[ffi £ | j Ji ©

! Seoreforencing ▼ , tny-i |

TciQct: |

H a j

„-z_—------- - ©

9.

10.

11.

Figure 4.14: Using a single symbol for all shapefiles in the map

To change the background of Tulkarem Governorate from a solid color to a hatch fill, open

the Layer Properties window once again.
From the Symbol Selector window, select 10% simple hatch. You can oa more sym ° s y
clicking on the More Symbols button to choose from additional styles of symbol stored in

ArcMap.
Click on the Properties button to customize the symbol, Figure

Geographical S'“‘,e,"S
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Figure 4.15: Changing symbol properties

12. In the Symbol Property Editor, Figure 4.16, select the type of fill as Line Fill Symbol for

hatching.
13. Click on Line to customize the line fill, select the Boundary, City line from the symbol

selector with a width of 1.
14. Click on Outline to customize the outline of the shape, select the continuous line with a

width equal to 2 and color Gray 70%.
15. Click the Color button; choose Mongo.
16. Set the angle to 15, the offset to 1 and the separation to 5.

Figure 4.16: Customizing symbol properties

Geographical Information Systems fnn i „
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17. Click OK to close all windows. The output should
resemble Figure 4.17

Figure 4.17: Using single symbology

4.7.1.2 Categories Classification

Categories classification is mainly used for c'ass'f^gJ1 ^assificZtiln^Elch formTtbTwill be

geology of an area may be classified using this type

assigned one unique color or hatch pattern.

4.7.1.2.1 Unique Values Technique
. nnH Tulkarem Governorate shapefiles from

1. Open a new ArcGIS map. Load the„Geo ogy
"C:\GIS Tutorial\Chapter4\Example2". Properties to open the layer

2. Right-click on Geology in the table of contents. Choose

properties window. . hoose Unique values.
3. Click on the Symbology tab then oni Categori formatjon
4. Use the dropdown arrow to select the

-- ---------------------------- Geos..ph«nnform.WS^forUnd.W.du..eS<ud.nB
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5.
6.
7.

8.

nnrooriate color scheme you want.
From the Color Ramp select any ap ^|or fj|| for each value found in the field.
Click on Add All Values tome u e J t exc|ude 'other' values (probably not needed
Un-check the box beside <all other value * aed

since you just used the Add A a ues^ whjch the different categories wj||

Arrange them in the foliowing order: Quaternary, Eocene,

Color Ramp

Turanian

Add All Values

Layer Properties

Upper CenomanianUpper Cenomanian

<Heading>
] Quaternary

] Eocene

"1 Senonian

call other values >

formation
Quaternary

Eocene

Senonian

Remove | Remove AJI

| Source | Selection | | Reid. | DeMon QuerZ | Label. IjoinoS Relate. ]

Show:  ^rawcatecoriCT wing unique values °f one field.

Feature#

J
itegnriftf q

Unique values j

Unique values, manyf

Match to symbols in a

Quantities
Charts
Multiple Attributes

tdlUd Flt^l J "~

FORMATION

4 I Label

] Turanian

Senonian, Upper Cenomanian and Turoman.

OK Cancel

Figure 4.18: Defining categories symbology parameters using the unique values technique

9. Click Apply then OK to complete.
10. Arrange the shapeflies in the table of contents, so that the Tulkarem Governorate is on top

of the Geology shapefile.
H. Select the border of Tulkarem_Governorate to be solid with a width of 2. Choose the

g oun to e empty (no color). The result of this example should look like Figure 4.19.

Geographical Information Systems fn.ti
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' * Untitled - ArcMap - Arcinfo
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I A-.l

D G5> 63
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M
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Li 5*nonw
L ' ViV ;r Cenomenien
Q?urcmn

Layer*
3 0 Tulterem_Govemorate

□I
3 0 C-eo'P97

FORMATION
f’1 C’Vfi ternary

I File ftl't view Insert Selection Tools Window Help

Figure 4.19: Symbology used to plot the geology of an area

4.7.1.2.2 Using Symbology from a Style File

1.

2.

3.

4.
5.
6.
7.
8.
9.

Open a new ArcGIS map. Load the Landuse and Tulkarem_Governorate shapefiles from

"C:\GIS_Tutorial\Chapter4\Example3".Arrange the shapefiles in the table of contents, so that Tulkarem_Governorate proceeds the

Landuse shapefile. , ...Select the border of Tulkarem_Governorate to be solid with a width of 2. Choose

background to be empty (no color). tahRight-click Landuse in the table of contents and choose Properties. Click Symbology tab.

Use the dropdown arrow to select the Value Field, choose an ^se.

Under Categories in the Show window, click ^^YXria^Chapte^VExampleS" folder.
Click the Browse button and navigate to the A -

Click the Landuse.style file then click Open.

Click Match Symbols, Figure 4.20.
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Browse.. 1

tities
| Count [

Layer Properties

Symbol
Charts
Multiple Attributes

Draw categories by matching field *° ^mbols in a Jlp0,t- I

[landuse_______ _____—
-"Match to y.-mbo's n Style ~ ~~
E:\Tempos\I<latenals\Chapter4\Examp!e 3\Landuse.s^

Genera! ] Source ] Selection | Display

Show.

Features
Categories

Un-que values
lh-.Td>vaM maaL

I Maffi to symbols ma

i Match Sy

Symbow I IWd. I DefCon Qu«y | LabelsJ Jons 8 Retain |

| LabeT

] call other values^ call other values > 0

<Heading> LANDUSE 1654

; Reid Crops Field Crops 453

Natural Forest Natural Forest 7

| Orchards Orchards 481

1 Planted Forest Planted Forest S

I Shrublands

__a 1

Shrublands 7C4

mbols! Add Values... I Remove | Remove AllJ ;

OK Cancel j

Figure 4.20: Defining categories symbology parameters using a previously defined style

10. Click OK. The land use will now be drawn using colors defined in the style file, Figure 4.21
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4.7.1.2.3 Grouping Symbology

Categorical data often has more categories than desirable for a oi>
"Forests" in Tulkarem Governorate are classified into "Planmn r J map' F°r example'
produce a simpier map. these two types ot forest ca«gpfebX ’h T°

process is sometimes referred to as -collapsing- the range of categories " 8r°Uped|-

Use the same classification in the example above,
choose the Symbology tab. Select the items that
Natural forests) using the Ctrl key.

open the Layer Properties sheet, and then
are desired to be grouped (Planted and

Right-click and choose Group Values, Figure 4.22

Figure 4.22: Grouping Symbols

3. Having grouped these categories, enter an appropriate Label for the group (e.g.. Forest,

4.7.1.3 Quantities Classification
n ■ I cad for classifying quantitative datasets. There are several
Quantities classification is mainly used for y ,.Graduate colors" (a 'color ramp' or
types of quantitative classification. For exampe jn SQme attribute of the data (e.g.,
range of color values) is often used to depic j(| b j||ustrated in the following
population or rainfall). Other types of quantities classification w 

examples.

for Undergraduate Students
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4.7.1.3.1 Graduate Mor Fills and Classification Breaks

1.

2.

. iordan River and West Bank_GovernoratesLoad the Dead 5ea, juiv. „

of the Dead Sea and 10rdan RiverUse the Single Symbol to change m

shapefiles as follows:
a. Jordan River:

i. Color: Light Blue
ii. Width: 2 points

b. Dead Sea:
i. Background color: Light Blue
ii. Outline color: Dark Blue
iii. Outline width: 1 point

3. Open the Symbology tab for the West Bank_Governorates shapefile. Click on Quantities and

choose Graduated Colors.
4 Use the dropdown arrow of the Value box to choose the Pop_den field. The default

classification uses 5 classes and Natural Breaks, Figure 4.23. The same result can be chosen
if the population field was normalized by the area. Choose any color ramp.

Figure 4.23: Defining quantities symbology parameters using the graduated colors technique

5. To customize the classification breaks you can change the number of classes by clicking
the Classify button.

6. Click on the Classify button. Try to choose different methods of classification.
7. Change the number of classes to 6.

^graphical |nformation
Y for Undergraduate Students
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o Verify that the breaks (shown as blue lines in tho .r- ,
bars in the graph). Also verify that the break values are those 5^ <Sh°Wn 35

can be chosen which allows the user to manually enter break ManUal method
Then click OK. Y break Values as shown in Figure2.24.

-Classification Statistics
Manual

Classes:

[-Data Exdusior

f 100 -FjCoh f" Show Mean

Classification

Manual 11
50

531
3230

294
336
136

Equal Interval
Defined Interval
Quantile
Natural Breaks (Jenks)
Geometrical Interval
Standard Deviation

pClassificatij
I Method:

Count:
Minimum:
Maximum:
Sum:
Mean:
Median:
Standard Deviation:

Show Std. Dev.

Figure 4.24: Setting breaks values for intervals

9. The class Labels can be manually edited, click on the first class label and type "Less than

100". Click OK or Apply to accept the settings, Figure 4.25.

Features
Categories
Quantities

Graduated colors

Figure 4.25: Editing intervals labels

~7] Casses: |:

Fields------------- ' '
Value: |Pop_Den

Normalization: [none

-Classification -
ji Manual |

‘ ** Classify- |

General | Source | Selection | Display Symbology | Reids | DefCon Query | Labels | Joins&Relates |

Show: Draw quantities using color to show values.

_ „ Aaecifirstifin — '

Graduated symbols

Proportional symbols

Dot density

Charts
Multiple Attributes

r_r Undergraduate Students
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10. Click OK to complete the classification process. A graduated color ramp ba
specified number and method of classes will be generated. °n the

11. The name of the field being used for the classification can also be edited. Click onof the field in the table of contents and type "Population density (p/km2)" Figure 4 ° narrie

Layers
g 0 3ordan_River

| Population density (pAm2) |

□ Less than 100

□ 101 • 200
□ 201-300
□ 301- -500
I®-=01 - 500
■ 501-600

g 0 Dead.Sea□
g 0 West Bank.Govemofgtes

Figure 4.26: West Bank Governorates classified according to population density

4.7.1.4 Multiple Attributes Symbology

1. Use the map from the section above.
2. Open the Symbology tab for the West Bank_Governorates shapefile. Click on Multiple

Attributes.
3. Use the dropdown arrow of the Value box to choose the DISTRICT field. Choose a color ramp

(e.g. Green to Red). Then click on the Add All Values button to apply the classification to all
Governorates.
Click on the Symbol Size... button to open the Symbols window, Figure 4.27.

Geographical Information Systems for Und „
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Features
Categories
Quantities

.Charts________ t
Multiple Attributes

Uraw quant,liea Tor eacn category.

J Count |~a~

Ramallah

Tulkarem
9

9

0

9

I-Variation by---------

Color Ramp... [

Symbol | ValUT

F J Jericho
7 Label

Jericho

Jenjsalem
Nablus
Qalqiliya

Ramallah
Saltit

Tubas
Tulkarem

||[diSTRICT
i (none

l [none

F Color Scheme

Add^Vte] AddVaiu«... | ROTove^ | AdviaCtd -|

Figure 4.27: Defining parameters for multiple attributes symbology

5. Use the dropdown arrow of the Value box to choose the Population field.
6. Change the number of classes to 8. Use the manual method of classification with the break

values of: 50000, 75000, 100000, 150000, 200000, 250000, 300000 and 400000.
7. Change the symbol size from 10 to 30.
8. Change the template to a star shape that is red; and with no background color, Figure 4.28.

Symbol Size from: [?

Fields---------------------------- r Classification--------------
lvalue: | Pop -- ,J Manual

Normalization: [none J Passes: | v | Classify.. [

Symbol | Range | Label

31501 -50000

5C001 -75000

75001 - 100000

31501 - 50000

50001 • 75000

r Show class ranges using feature values

Background -j

Figure 4.28: Customize the symbol shape and color

9.
•ii r ri that thp West Bank Governorates is classified

Click OK twice to complete. You wdI fine ofthe star representing each
according to both governorate name and pop
Governorate reflects the size of its population, Figure

G.og,aphical *— Systems for
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★ 200001 • 250000

250001 • 200000

I West J3ank_Go venerates

□ <aH other vaues>
DISTRICT

□ Befehem
O Hebron
□ Jen-n
□ Jentho
□ Jerusalem
□ Nablus
□ Qakpya
□ Ramallah
□ Salfit
■ Tubas
■ Tulkarem

7-0
Pop

t 31501-50000
* 50001-75000

75001- 100000
100001-150000

-£■ 150001-200000

Seorereencng

Figure 4.29: West Bank Governorates classified using multiple attributes (names and population)

4.7.1.5 Chart Symbology

In some cases, the data feature contains data which may be presented as a chart. For example,
if the population of the West Bank Governorates is divided into four age categories (less than 16
years old, between 16-30 years, between 30-60 years and above 60 years old), then you can
present these categories on the map using a chart as described in the following example.

1. Open a new ArcGIS map. Load the Dead Sea, Jordan River, Cities and West
Bank Governorates shapefiles from "C:\GIS_Tutorial\Chapter4\Example5".

se t e Single Symbol to change the illustrative properties of the Dead Sea, Jordan River
and West Bank_Governorates shapefiles as follows:

a. Jordan River:
’• Color: Light Blue

•i- Width: 2 points
b. Dead Sea:

'• Background color: Light Blue
,'L Out,ine color: Dark Blue

S rhee-f. .L Outline width: 1 point
Classify the West Bank G
value symbology. ~ overnorates shapefile based on the District field using unique

OPen the Symbology tab for thQ r*.-
Bar/Column. Itles s^aPefile. Click on the Chart class, then chose

the Field Select'
appropriate color then click OK * as shown in Figure 4.30, select an

6eWhi“' Undergraduate Students -----------------'
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Exclusion... | Size...

Apply

Layer Properties

Features
Categories
Quantities
Charts

ID
No_Communi
Pop_S7
HHold
Avg FSize

Normalization: jnone

| Bar/Column
Stacked'

Multiple Attributes

OK | Cancel

Field
Pop_Less16
PopJGJO
PopJO.GO
Pop rbv GO

General ] Source ] Selection | Display Symbology I ReW, I n .. ».

Show: r:__ i___ uery|Label3lJoins4Relatesl
Draw bar or column chart for each feature.

Field Selection--------- -—- _________

I** Prevent chart overlap

Properties

Figure 4.30: Defining symbology parameters using the chart technique

6. Repeat step 5 using a Pie chart, try to change the format of the charts by clicking on the

Properties button.
7. The result, Figure 4.31, reflects the population within each Governorate as well as the

percentage of each age class.

r Svstems for Undergraduate Students
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0 X
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Georefer enong

g 0 Dead_Sea
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Oj Anal

235745.294 181870.381 Meters

» Untitled-Ardtap-Arcinfo
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[T3 Pop_Abv60
g 0 Jordan_Rr.'er

E 0 West_Bank_Govemorates
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DISTRICT

9 Betiehem
□ Hebron
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3 Jericho
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□Nablus
□Qalqiliya
El Ramallah
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R'e Ed t View Insert Selection Tools Window Help

Qrawing ▼ k O

Q Layers

79,000

Figure 4.31: Classifying main cities according to population and age distribution

4.7.2 Labeling in ArcGIS

4.7.2.1 Adding Labels to a Shapefile

wells, springs, etc. or to complement^! SUChJ^ names of roads/ communities, groundwater
showing the distribution of groundwatpr 5.|mbology- For example, assume you have a map
on well use (e.g. domestic or agriculture^y S WeSt Banl<; the we,,s are classified based
average abstraction of each well. In this 03^° *aBe*s to map showing the annual

e same map; the well use and the avAr^ ^ave presented two information sets within
ThJTiT I07 Create ”feature-Hnked" label/^ t"™91 abstractl'on- ArcMap has the ability to
rfe.l3belsca„becusBmthe map based o„ ,alues i„ the attribute table.

ronts,2e'type, color, orientation, etc.

this example you are goit^ map you have created in^xamX.^6 C°mrnunities in Tulkarem by their names. Open

- ______________ ___
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2.
3.
4.
5.
6.

Right-click the Communities shapefile, click on Pro f
Check the Label features in this layer box. 3nd then on the Labels tab-

Choose Label all features in the same way from the
In the Label File, choose COMM_NAME. Method dropdown list.

In the Text Symbol box, set the following values Figure 4 to
a. Font: Arial (Bold) ' 8

b. Color: Dark Brown

ins & Relates ]

-el all the features the same way.

be labeled using the options specified.

|COMM_N.~.ME

I Selection ] Display | Symbology | Reids | Definition Query

res in this layer

c. Font Size: 8

Expression...

1Anal

. ■ig-d
dl= d

Symbo
AaBbYyZz

Other Options ■ - ; Pre-defined Label Style ■ -

Placement Properties... Scale Range...
Label Styles... |

I _____ _ ______________

OK Cancel ■-ppiy

Figure 4.32: Defining label parameters for communities in Tulkarem Governorate

7. Click OK to close the label window. The map should be similar to Figure 4.33.

Geographicalu"dwadu“ s,ude"“ -
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Figure 4.33: Adding labels for the Communities shapefile.

Figure 4.33 shows that some labels are overlapped. You can try to rearrange these labels by

changing the label size and position.

8. Open the Labels window once again, and change the font size to 7.
9. Click the Placement Properties button to open the placement window. Click C an

Location button, choose Prefer Bottom Left, all allowed, Figure 4.34.
10. Click OK three times to finish labeling the communities.

~ Geographical Information
Systems for Undergraduate Students
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fhct Detection ]

(• Offset label horizontally around the point

Prefer Top Right, ail allowed2

Change Location... |3 al

C Place label on top of the point

placement Properties ElS Jnitial P°int placement

Prefer Too Pjghj. 6';
avowed

Pr^er Top Certer. a3
a!!o7.«d

Prefer Bottom Left, all
aBowed |

Prefer Center Left.
a"0A-ed

Priority: C = Blocked. 1 = Highest. 3 = Lowest

2
3
IT

1
2
2

ms
Pncrsy: 0-Becked. 1

Prefer Tcp Left.aii

| OK | Cancel

Highest. 3 ■ Lowest

I3 2-11 n 1 . 9 1

p^er Top Left, then
Left then Top

C Place lab-:-! st specked ang’es

Figure 4.34: Modifying placement position of labels

11. The map in Figure 4.35 shows that the size and the location of the labels have changed. But
many still overlap.

Figure 4.35: New locations of labels

4.7.2.2 Setting the Reference Scale for the Labels

, i,hek a reference scale may be defined for the
To overcome the problem of the overlappe ' SDecific scale in use. Labels in ArcGIS are
labels; in this case the label will be displays or , tke map By default, they will be

dynamic, they ere generated when you zoom,
drawn using the same size symbol, regardle

Geographical Information Systems for Undergraduate Student,



Visualization of Spatial Data and Map Cartography

■ d w for the Communities shapefile.
1. Open once again the Labels windo c|jck on Don't show labels when zoomed
2. Click on the Scale range button. n 'the down |ist as a minimum scale. Then
3. m the Out beyond box, choose 1:100,UUU

click OK twice to finish, Figure 4.36.

Scale Range

You can specif}'the range of scales at which labels will be shown.

C Use the same scale range as the feature layer.

(minimum

? Pont show labels when zoomed:

Out beyond: 1:100,003 ▼
■■■

(maximum scale}

Figure 4.36: Defining a reference scale for viewing labels

4. Click on Zoom to Full Extend, you will notice that the labels have disappeared from the map
since the scale of the map is beyond the defined reference scale.

5. In the Scale Box, select 1:100,000 from the dropdown list. You will find that the labels have
reappeared but without any overlapping, Figure 4.37.
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* Untitled - ArcMap - Arcinfo

Figure 4.37: Viewing labels within the scale range

4.7.2.3 Adding Labels to the Roads Shapefile

Generally, labeling point, polyline or polygon features is done in the same way illustrated in

Section 4.7.2.2. In this example you will label based on the Name le

1.
2.
3.
4.
5.

Right-click the Roads shapefile then click Properties. Choose the Labels ta

Check the Label features in this layer box.
Click the Method dropdown list and choose Label all features in the same way.

From the Label File, choose Name.
In the Text Symbol box, set the following values:

a. Font: Arial (Bold)
b. Color: Black
c. Font Size: 8 Placement window. You will find many

6. Click the Placement Properties button t0 window as shown in Figure 4.38.
options of placement positions. Fill out tn

r fnr Undergraduate Students
---------------------------Geographical Information Syst
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-Position'

r Above

I i On theIT? Parallel line

P BelowC Curved

C Perpendicular

map unitOft:

Prioritii

CancelOK

Placement Properties

Above
Below

Above
Below

Oueniation
Sy item:

Placement | Conflict Detection 1

- Line Settings------

i r Orientation-----

r Duplicate Labels —--------------------------

r Remove duplicate labels

C Placeonelabelperfeature a

<♦ Place one label per feature part

C Horizontal

‘ r* Location----------- -

' Location along the line: At Best

Figure 4.38: Adding labels to line features

7. Click OK to close the Placement window.
8. In ArcGIS, you will find many predefined label styles. To select one of them, click on

Label Styles... button. And then select U.S. Routes from the Label Style Selector window.

9. Click OK until you finish labeling the Roads shapefile.
10. In the Scale Box, select 1:100,000 from the dropdown list. You will find that the labels are

added above the road system, Figure 4.39.
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Figure 4.39: Labeling roads on a map

4.7.2.4 Converting Automatic Labeling to Map Annotation

Unlike labels, annotations are static. They may be used for greater control over the placement

and style of the text. They have a fixed location and a reference scale, so w en you zoom in
text gets larger on the screen. Therefore, It is Important to have the tight reference seal, when
you convert the labels to annotation so that the labels will be plotted in a sortable Site relative

to the features on the map.

1. Use the same map you created In Section P.7.2.2 (symboiog,. I.befs and

you Win notice that .be iabe.s of the “r-

positioned on the roads or on the border of t

convert the labels to annotation. Convert Labe|s tQ Annotation/ Figure
2. Right-click on the Communities shapefile a

4.40.

for Undergraduate Students
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Save As La^er File...

£ — ----- ——
I------- -— pfj4 Properties...

Display | Source ______

M ’ k I  ’ A -

Figure 4.40: Converting labels to annotation

3. In the Convert Labels to Annotation window, choose In the map to store the converted

annotations in the current ArcGIS project (mxd). A database is a good place for storing
annotations so that you can use them in other map projects, but it requires a Geodatabase
to store them in. Note the Reference Scale (the scale of the map with the labels added).

4. Choose to convert all features or just those features in the current extent (visible on the

map).
5. You may choose Convert unplaced labels (due to placement conflicts with other labels) in

the dialog box, Figure 4.41
6. Click on Convert.

Geographical Information Systems for Undergraduate Students



«-aliatto„ofSMtia|Dataan(|Ma[jCirto8ra^

Figure 4.41: Parameters for converting labels to annotations

7. If unplaced labels have been converted, right-click a label and choose to add or delete, use
the Flash Feature or Select Feature to assist with locating the feature being labeled. Click
Delete if not needed (e.g. duplicates), Figure 4.42. Close the Overflow Annotation box when

done.

Figure 4.42: Overflow annotation
t. n cvstems for Undergraduate Students
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. 1- .tod annotations or you want to delete some of the unnecessary
8‘ annotations; uT.Xect too! >0 select the annotation on the map ant, deiete it using the

right-click option, Figure 4.43.

Figure 4.43: Deleting repeated labels

10 To man/p1601 t0 manua,ly se’ect and relocate individual pieces of annotation.

' the Annotation Groups tab6'5' "^'d'** °n the Data Frame and choose Properties. Click on

11. Check or un-check an annotation group to turn it on or off respectively, Figure 4.44.

Geographical Information System. f„, 1,
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Properties...

Change... j

ApplyCancelOK

Figure 4.44: Opening the annotation tab

• systems for Undergraduate Students

Geographical Information

ies A... Communities 1:100.000

Select AH j

Clear All I

New Group... |

Remove Group |

Lfesociated Layer | Reference S^iT~[

__ * Nones

r L tho Prnnerties button. You can modify
12. Select (highlight) an annotation group then c ic 0K to finjsh,

the name and the reference scale as desired or set a scale range,

Figure 4.45.
13. Click OK to close the Data Frame Properties window.

Dannotation using this coordinate system:

'■ .-•! ■-.-iine_1 923_Palestine_Grid
■.•. sini
r’/.e Easting: 170251.555CCD

. ‘.psOloithing: 1268S7.9G9000
• putral Meridian. 35.212081
:Cca!a_Factor: 1 .CCCCCD
i.h’i:ude_Of_Origin: 31.734097

Group Name

□ < Defaults

r - ------ ..
Data Frame Properties

— (3®1
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Figure 4.45: Setting annotation group properties

Note that with annotation (if you have set a reference scale), when you zoom in rhe annotation
gets bigger This is not true for feature-linked labels unless you set a reference scale for the
entire Data Frame. Likewise when you pan, the annotation remains in the same location relative
to the geographic features while labels will be re-drawn to best fit a new map extent each time

you pan or zoom, Figure 4.46.

Geographical Information Systems for Undergraduate Students

Figure 4.46. Viewing annotations within a defined reference scale



«»3l«<»no,s„,tialDa,aan(|MapCmogriiihy

4.7.2.5 Using Multiple Fields for a Label

1.

2.
3.

4.

5.

Open a new ArcGIS map. Load the Dead Sea Jordan p;
shapefiles from zzC:\GIS_Tutorial\Chapter4\Exa,mple4,, Bank-Governorates

Classify all the shapefiles in an appropriate way.
popu^tto^of'ea^governoratel.blabelsfom^utop^fteMs™0™!^ <'* *■

Click on the Expression button to open the Label expression window. Double-click on the
District field, then click the Append button, double-click the Population field Figure 4 47
Click OK to close the Expression window.

Figure 4.47: Setting multiple attributes for labels

6. In the Label window, check

labeling, Figure 4.48.

the Label features in this layer box. Then click OK to finish

 fnr Undergraduate Students
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Figure 4.48: Labeling West Bank Governorates using two fields (Name and Population)

It is clear that the labels on the map are not easily understood; therefore it is necessary to add
some text to the label in order to inform the reader what is meant by the number (e.g.,
Population= ). Text can be added to labels by modifying the label expression as shown in Figure

Geographical Information Systems for Undergraduate Students--------------------—
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IDIoTRICT] [Population!

Help j

Parser: | VBScript

Load... | Save... j

I Hhnlrifi ' "

Append I Show Values.. I ry n-e ,
~_____________J---------—-------- 1 DlsP,a>’ value description

Expression- — ' - — -

Write the expression in the language of the selected parser. f- Advanced

ferify | Reset |

—... ■ ■ ■ ■ ■
OK Cancel

Figure 4.49: Adding text to labels

Figure 4.50, shows that the text Population= is added to the label. Now the user knows what
the number represents. However, using long labels makes the map too complicated. To
solve this problem, labels may be split into two lines.

Figure 4.50: Adding Population =

for Undergraduate Students

r. i - tn label West Bank Governorates
Figure 4.50: Adding Population - to lane

u. linpc hv inserting a new line command into the
Labels can be 'stacked' or split into multiple lines by

label expression as shown in Figure 4.51.

 Geographical Information Systems
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Figure 4.51: Split labels into two text lines

The map should now resemble Figure 4.52.

------ -......... — x
B 0 Layers

B 0 Jordan_River

E 0 Dead Sea
□ ’
|WestJBank_(

Pcp.Den
□ 50
□ 51-100
□ 101 - 200
□ 201 - 300
El 301-400
■ 401 -500
■ 501 -600

Daolav f Source | Selection |

Figure 4.52: Final presentation of West Bank c™
vvesi Bar|k Governorates labels

Geographical Information Systems for Undo
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Labels can be manually added and rotated to 'fit' the r
drainage system). For curved features, the Soline W°rk °f a feature <such as a road or

PHne Text tool can provide further customization.

1.

2.

Open a new ArcGIS map. Load the Main Drains t..h
shapefiles from "C:\GIS_Tutorial\Chapter4\Example7" Tulkarem-Governorate

Symbolize the map as shown in Figure 4.53. Use a map scale of 1:200,000.

Figure 4.53: Main drainage system in Tulkarem Governorate

3.
Click on the New Text button on the Draw toolbar, click on the drainage stream in the

. u/orii /NahliK-Tulkarem)w. Note that the font size, color
middle of the map and type Zomer Wadi (Nablus

and style are already set, Figure 4.54.

c fnr Undergraduate Students------- ----------------------------- Geographical Information Systems for Unoerg
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Figure 4.54: Adding a manual label to a line

4. Right-click and choose Properties to edit or add a new text line. Also change the text angle
to -15°, Figure 4.55.

Figure 4.55: Editing labels

5. Click OK to finish, Figure 4.56

Geographical Information ,
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Figure 4.56: The modified label

The name of the drainage is now rotated to an angle but is still not curved with the drainage
line. In this case, you should use splined text for better presentation.

6. Delete the angled text. Then use the New Splined Text tool (from the Draw toolbar), Figure

4.57.

Figure 4.57: Splined Text tool

i. n tkP text to follow, double-click to end the
7. Use the cross cursor to create a line by clicking

spline as shown in Figure 4.58.

Geographical
Information Systems for

Undergraduate Students
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Figure 4.58: Creating the label curve

8. In the text box type "Zomer Wadi (Nablus - Tulkarem Drainage)" then press Enter to apply

the spline text, Figure 4.59.

Figure 4.59: Adding spline text

9 t001 (fr°m the DraW t00lbar) t0 modifY the spline. Y0U Can

(pink boxes) to in V,?°Vlng a vertex <the greenish boxes) or adjust the vertex 'handles'
(Pink boxes) to mcrease/decrease the curvature between vertices, Figure 4.60.

Geographical Information Systems fnri >
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Figure 4.60: Modifying the curve of spline text

4.7.3 £ ..pc- g a Layout Using ArcGIS

1. Open a new ArcGIS map. Load the Roads, Communities and Tulkarem_Governorate
shapefiles from "C:\GIS_Tutorial\Chapter4\Example8".

2. Right-click on the Layers data frame, select Properties then open the General tab.

Change the name of the data frame to Tulkarem Map.
3. Choose the symbology and labels as shown in Figure 4.61, using 1:150,000 as a map

scale.

Disnlw I Source I Selection

Figure 4.61: Tulkarem Governorate datasets

• ^sterns for Undergraduate Students -
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4. Click on the Insert menu, then click on Data Frame to insert a new map to theRename the new data frame to "West Bank Map". view.

5. Add the Jordan River, Dead Sea and West_Bank_Governorates shapefiles to thBank data frame. e West

6. Symbolize as shown in Figure 4.62.

Figure 4.62: West Bank map

another by right-flicking thp ^mes’in same view. You can move from one data frame to
. g data frame you want and then select Activate, Figure 4.63.

Geographical Information Systems for I Ind
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3 ?=) Copy

La ?'erfs'<
B

B
£

j .*-*.11 Layers
B E v < oii-iipse Al! Layers

.trence Scale

meed Drawing Options...E
Labeling

Convert Labels to Annotation...

r Properties...

rate

Wes
B E J

Turn All Layers Off

Select All Layers

E
E
Q & Convert Features to Graphics...

Nev; Group Layer

Figure 4.63: Moving between data frames

7. Zoom to full extent for both the Tulkarem Map and West Bank Map data frames.
8. To start preparing a layout, you have to switch to the layout view, Figure 4.64.

Draz.ing ▼

□ Jerusalem
□ Nablus
□ Qalqliya
□ Rama'Jah
□ Salfit
I I Tubas

Display [Source | Selection |

s to layout view I

Figure 4.64: Changing to the layout view

9- You will find that the two data frames are ’°cat^' ra^°Set(jp *hen fi|| out the window

10- Right-click anywhere on the layout and se ec

as shown in Figure 4.65.
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.'Printer Setup ▼ [ Properties... |

Name:

c Printer Margins
Source:

Orientation:
Sample Map Elements

I- Sc ale Map Elements proportionally to changes in Page Si

Cancel

Page and Print Setup

|.J HP CD 4700 PCL6

Ready
HP Color LaserJet 4700 PCL 6

HPCo!orLaserJet4700

Status.

Type:

Where:

Comments:

-Paper —

Size:

M^age Size-------------------

■

rtrk

| Letter

[Automatically Select

(♦ Portrait Landscape

F I Printer Paper Settings
__ _

Standard Sizes: || [Custom 1

| Width: II [21 [Centimeters ▼[

i Height: 11 |23 [Centimeters ▼ | | J
, Orientation: (♦ Portrait C Landscape

Figure 4.65: Setting up the map size and orientation

U. Click on the Tulkarem Map box, then type 1:150,000 in the scale box. Stretch (if required)

4 aa 3rem b°x to v’ew ent’re map within the box and in the same scale, Figure
4.OO.
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D1MPV

Display [Source | Selection |
3|D

Anal

162910.634 196993.174 Meters

*v TulkaremMap.mxd - ArcMap - Arcinfo

; File Edit View Insert Selection Tools

Drawing 

i 1 Jerusaler
QjL'ablus

L J Qalqiliya

 Ramallah
I—i Salfit
I I Tubas

B 0 Communities
COMM_TYPE

Si Camp

Rural
FJ Urban

® <3

Figure 4.66: Setting the scale for the Tulkarem Governorate map

12. Right-click the Tulkarem Map box, and then click Properties.
13. Select the Position and Size tab, then move the bottom left corner of the box to 1.5 cm from

the left side of the page and 1.5 cm from the bottom side of the page, Figure 4.67.
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Data Frame Properties
I r System I Illumination | —I Cache i

General D^3 ^rame I | frame Size and Position
^JonGmups I ^Rectangles | Frame ------------™-------------

r As Offset Distance

- Position —

X 1.5 cm

1.5 cm

Anchor Point:

- Size —~
Width: r 1C0 %

Height: | 100

|7 As Percentage

r Preserve Aspect Ratio

r Bement Name

Tulkarem Map

Figure 4.67: Setting the location of the Tulkarem Governorate map within the layout

14. Make sure that the Tulkarem map is activated.
15. Click the Insert menu, select the north arrow shape from the list.
16. Click the Insert menu, select the Scale Bar. Choose the Alternating Scale Bar 1 from the scale

bar selector window.
17. Change the properties of the scale bar to resemble Figure 4.68.

0 25 5 10

Kilometers

Figure 4.68: Defining the scale bar for the Tulkarem map

18. Click the Insert menu, select Legend. Change the properties of the legend to be similar to
those in Figure 4.69. You may need to change the name of the shapefiles in order to arrange

S e'emen^s <e-£- ^e Tulkarem_Governorate shapefile changed to Tulkarem

LEGEND:
■ Camp

Rural

• Urban

Road

Tulkarem Border

"-,.M;De,w„glbeleBndllevmap)totheTullaremmao

^2Tme"U'S'taT“t’yP=-«aSOUra:AIQudsU„i,ersityD3taBase”.
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20. Double-click on the textbox and then add two text line. a. f
a. "Creation date: Sept. 2008" S 3S fo,,ows:

b. "Map projection: Palestinian Grid"
21. Click the Insert menu, select Title. Type "Tulkarm r

Change the font size to 18, bold. overnorate" as the title of the map.

22. Resize the West Bank Map box to about 5 cm in width and 8 cm in height
23. Arrange all map elements (north arrow, scale bar |P„pnd ♦ . <? 8

title) as shown in Figure 4.70. ' ’ ex ox'We$t Bank map and

Figure 4.70: Arranging map items within the layout frame

cpiprt the Grid tab. Click on New
24. Right-click on the Tulkarem Map box. Click Propertie

Grid, Figure 4.71. The Grids and Graticules wizar wi

r- fnr i Jndereraduate StudentsGeographical Information Systems for Underg
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Figure 4.71: Defining a grid for the Tulkarem map

25. Select Measured Grid to divide the map into a grid of map units, then click Next, Figure 4.72.

Figure 4.72: Grids and Graticules Wi2ard

26. Click Next until you return tn tho r
tab from the Reference System Propert ProPerties button; open the Labe s

- Geographical Information Systems for I "
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iIJiXj

grid Label Properties a®
Number Format Properties
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C Spwrfy tlte fiumbfc- igii irt i &&

I (»' Left

OK| |
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H4m4:
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NtwGrid, |
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PrOpMiO*.. I
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27. Click on the Additional Properties button in order t
28. dick on the Number Format button to edit the numb"” 'he a“ tabel Properties window
29. Close the Grid Label Properties and Number Format P f deClmals to zero' Figure 4 73

Properties windows by clicking Ok’

r SnowthowUridiMparatori

r Snowpuigrt

I Ok | Caw* |

| ^rtpeitidt. |
-V------------_—J

2bs! Onei'ilabOrt -

VerliGol UbOli:

r Tbp Left r 6otK

NutiWO |

! fiOwrMhg

(f Number dMOaiialpfaiO*
r HiWtOM d$H

; kriM | System | IrttefVSii |

Figure 4.73: Modifying the grid properties

30. Click on the Intervals tab from the Reference System Properties window. Chenee the X end V

intervals to 2500 meters, Figure 4.74.
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Axes ] Labels 

r Interval
MetersUnits:

2500XAxis Interval

2500YAxis Interval

hooooo.ooooooX Origin:

hnnnnn nnnnnn

Reference System Properties

j-Origin--------
C Use origin from the current coordinate system

i (• Define your own origin:

Figure 4.74: Setting grid intervals

31. Click OK until you close all open windows. The grids will be added to the map, Figure4.75.

Figure 4.75: Adding grids to the Tulkarem map
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201

31 C"Ck "La" then CM OK6'6* ”* *<* shown

Figure 4./o> incii ciilk lji\.

Figure 4.76: Drawing a neatline on the layout

Tulkarem Governorate will appear.

General | Data FrameJ.

Annotation Groups

Illumination | Gods | Map Cache |

|| frame | Size and Position |
Extent Rectangles || Frame |

Renata frame Each rectangle shows
data frames and automatically updates * theehtrectang

you can auu w «= v. •••« ,the extent of the data in one of the othe
You can add one or mo

Figure 4.77: Adding, rectangular box 3 Undergraduate Students -
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Figure 4.78: Final map layout

4.7.4 Exporting and Printing Maps

The map prepared in Section 4.7.3 may be printed out on paper using a printer or plotter
be exported as an image with many alternative extensions.

1. Use the same map prepared in the section above, click File, and then click Print to ch
the available printer and to set up the page properties as required, Figure 4. 78.
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Exit AJt+FJ

Figure 4.78: Print out a map 
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Q J*'*
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AddD*>- _______

E-l
Print Preview...

2. To export the map as an image, Click File then click Export Map.... The Export dialog box will
then open. You can select the folder where you want to store the image, its name,

resolution, format and type, Figure 4.79.

figure 4.79: Exporting a map as an image
Geographical Information Systems for Undergraduate Students
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Visualization of Spatial Data and Map Cartography

1.

g aphical Information Systems for Undergraduate Students

2.
3.

4.8 Discussion

Discuss the following terms:

a. Map
b. Cartography
c. Generalization
d. Data symbology

what Is “^2 choice for classifying a OEM on a ma p?
Z is Xence between .he following m«™l classes?

a. Equal steps
b. Quantile
c. Standard deviation
d. Natural breaks4. What is the difference between mutually exclusive classes and exhaustive classes? Give an

5 uTthedatasets in this Chapter (Example 1- Example 8) to prepare the following maps for

Tulkarem Governorate, try to use most of the map elements and also try develop different

map styles: .
a A map showing communities within the Governorates classified according to

population size, quantify the symbology (symbol size).
b. A map showing land use within the Governorate classified according to land use

types, use category symbology.
c. A map that displays geology within the Governorate classified according to the

geological formation, use category symbology.
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Querying and Editing GIS Datasets

Introduction

The ArcGIS Desktop software is rich with tools and functions needed to utilize spatial datasets.

This Chapter introduces a range of functions available in the software and the essential tools for

visualizing, creating, editing, managing, and analyzing geographic data. The exercises in this

Chapter encourage the practice of ArcMap and ArcCatalog applications to perform common GIS

tasks and workflows. The main topics covered include:

© Creating and editing features and attributes: creating spatial datasets, working with the

Editor toolbar and common editing tools, snapping to features while editing, editing
attributes; and calculating values for geometry fields.

© Managing map layers: bookmarks, layer selection and creating hyperlinks.
© Managing tables: getting information from tables, summarizing tables, field properties,

and creating graphs.

5.2 Creating and Editing Features in ArcGIS

5.2.1 Creating Features

The most common way to create new lines or polygons is by digitizing the vertices that make up

the feature. For example, to create a square building, you would digitize the four corners. In

ArcMap, the Editor toolbar contains the most common tools used to create lines and polygons,

Figure 5.1.

■EditO£ ▼

Editor

Create New Feature

Stoa Editing

££/ £ave Edits

Move...

Sp’;t...

Buffer...

B Modify Tasks
Reshape Feature
Cut Polygon Features
Mirror Features
Extend/Tnm Features
Modify Feature
Caibrate Route Feature
Mod-fy Portion of aline

B Topology Tasks
Modify Edge
Reshape Edge
Auto-tWete Polygon

B Other Tasks
Survey Analyst Edit Tasx
Select Features usng a ime
Select Features usng an Area

C-P...

More Editing Tools ►

Options...

Figure 5.1: Editor Toolbar
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in addition to the Editor toolbar comes another toolbox cal ed the Advanced Editing too|bar
whkh i used for creating lines or polygons, Figure 5.2 The A vanced Editing toolbar contains
Ze tools that can be used to create new lines and polygons. For example, if you want to draw
ZXRectangle oXircle feature very quickly, use the Advanced Editing tooibar.

Figure 5.2: Advanced Editing toolbox

To create a new shapefile, you should start from ArcCatalog in order to store all features

included within the shapefile.

1. Open ArcCatalog, browse to "C:\GISJWrial\Chapter5\Examplel".

2. Right-click on the "Example 1" folder, click New then select Shapefile to open the Create
New Shapefile dialog box, Figures 5.3 and Figure 5.4.

^5.3: Creating a new shapefile

Ge°eraPhi“,""™“»»Sy«-S<OrUndefer8duateSt„d.nts
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Figure 5.4: Creating a New Shapefile dialog box

3. Type "Landuse" in the Name box as the name of the shapefile.

4. From the Feature Type dropdown arrow box, select Polygon.

5. Click the Edit button to define the grid system of the Landuse shapefile (choose the

Palestinian grid system)

6. Click OK to finish creating the Landuse shapefile, Figure 5.5.

jLanduseUame:

■3| PolygonFeature Type:

- Spatial Reference-----------

Edd
r Show Details 

Create New Shapefile

Description: 

Projected Coordinate System •
flame: Pa!estme_1923_Pa!estme_Gnd

Geographic Coordinate System.
Name: GCS_Palestine_1923

r Coordna.es
J- Coordinates will contain Z vaue

Caned

Figure 5.5: Setting new shapefile properti 

Geographical information Systems
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shapefile is different from the creation of theThe creation of the attribute table for a "apefj|e as described above, you need to find that

shapefile itself. Once you have creat

shapefile in ArcCatalog.

, v, f01der in ArcCatalog, right-click on the Landuse shapefile and7. Expand the "Example 1 folder

choose Properties. w fie)ds named "Type" and "Area". Notice that for
8. Click on the Fields tab and a a name (maximum of 11 characters, no spaces),

any field you add, you win nee define the other properties of that
define the field type and ep g ffjdent enough for the longest value). You
“ a **Figure 5-6-

Figure 5.6: Defining new fields for the new shapefile

9’ ?Pen.Ln^ ArCMaP document- Add the Landuse.bmp image and Landuse shapefile
from C:\GIS_Tutorial\Chapter5\Examplel".

W' Figure IT the ArcMap interface' click the Edit°f bUtt°n'

Geographical Information <;>,«
V ems for Undergraduate Students
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| F.!e View Insert Selection Tools Window Help

* Untitled - ArcMap - Arcinfo

Figure 5.7: Opening the Editor toolbar

11. From the Editor toolbar, click the Editor dropdown arrow and select Start Editing to start
editing the target shapefile (i.e. Landuse shapefile). When asked which folder it is in,
choose the folder that contains that shapefile ("C:\GIS_Tutorial\Chapter5\Examplel",

Figure 5.8, then click OK.

- ArcMap - Arcinfo
File Edit View Insert Selection Tools Window Help

jn:on

Untitled

12.

Figure 5.8: Changing ArcMap to editing mo

^nihar the Task item says
Make sure that on the Editor '5 g

Target is the Landuse shape i e,

Create New Feature, and the

- Geographical
information Systems

for Undergraduate Students
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□$ SI iC

I Editor v
Landuse

' Untitled - ArcMap - Arcinfo

Edit View Insert Section Toois ™ndow Hep ____________________ _________ -------------r~

□ si H S
'1:3.627 _£l

TisHsTI rx I 171 7T -4 -4
□

"■ r* 1

Figure 5.9: Setting the Editing parameters

13 You are now ready to create the first feature in the Landuse shapefile. To do this, click
on the Pencil icon (make sure to choose the Pencil, not the other editing tools).

14. Place the cursor on the map where you want to begin your new polygon feature (e.g.
start with the Orchard land use type shown in the land use image), you should see a
circle with a cross-hair in it, click once. Then go to the next point that defines your parcel
and click again. Continue doing this until you are almost back to the last point. To close
the polygon, double-click on the next-to-last point, or press F2 after the next-to-last
point. If you mix up, you can either double-click to finish, and then press the Delete key
on the keyboard, or you can right-click and choose Delete Sketch. It may take a few
attempts to get it right, Figure 5.10.

Figure 5.10: Digitizing the first land use parcel
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15. If you want to add vertices to a polygon in order tn mnaif, >
Editor toolbar Figures 11 r>n,.hi i, " to modlfY cll<* the Edit tool from the
Editor toolbar, Figure 5.11. Double-click on the polygon you want to add vertices to then

put the pointer where you want to add a vertex. Right-click then select Insert Vertex

16. To define the type of the digitized land use polygon in the attribute table, click
Attributes in the Editor toolbox, then click on the box on the right of the Type field and

type in "Orchard", Figure 5.12.

r tinn Svstems for Undergraduate Students
Geographical Information Syste

Figure 5.11: Inserting a new vertex
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Figure 5.12: Editing feature attributes

5.2.2 Snapping Environment

To digitize other parcels, it is preferred to work in a snapping environment. A snapping
environment can help establish exact locations in relation to other features. For example, you

can move a parcel and have one of its corners jump, or snap, precisely to a corner of other
parcel. Simply move the parcel's selection anchor to its corner vertex after setting the
appropriate snapping properties. Then move the parcel toward its new location until the
selection anchor snaps to the corner vertex of the other parcel.

in the Editor toolbar. Then choo^^9^ y dlg'tiz,ng other polygons click the Editor button

2- You can choose the part of th $f na^*n^to °Pen the Snapping Environment window.
your new feature to snap by setf69^^ V6rteX' edge' or endpoint to which you want
feature (next land use parcel) cn * 6 snappin8 properties. To make your new
in step 14) in the Landuse layer Vertex an ex,sting land use parcel (created

the Snapping Environment windowHgure VerteX neXt t0 the Landuse ,ayer ’n

,n case you have more than
”” msp- T1” °'^ or r ca" «>e priority for layers
______ e napping Environment window determines

5Ktemsforu„d _
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the order in which snapping will occur. Snapping occurs f •
list, then in each consecutive layer down the list You c ithe 3t the tOp °f the
by dragging the layer names to new locations. e3S'V change the snapping priority

Ora...ng

Snows the snapping environment dialog

d  Edit Sketch
 Ed<t sketch vertices
 Edit sketch edges
 Perpendicular to sketch

5  Raster
■;  Topology Elements

Dismay I Source | Se'ecvon

.tr.g Too':

Options...
» B | C “ < |_______________________________ 1-tJ

|io >| n i u A ’ '!* ’ 2 ’ — ’
'197872.567 178312.013 Meters

Layer ] Vertex Edge j End

Landuse 0

Figure 5.13: Setting the snapping parameters

5.2.3 The Snapping Tolerance
, . h the nointer or a feature is snapped to

The snapping tolerance is the distance wit in w i * or edge, .$ withjn the
another location. If the element being snapped to s ch a^

distance you set, the pointer automatically snaps o
1. Click the Editor button in the Editor toolbar, then click Options.

2. Open the General tab ofthe Editing Options ure 514 Then click OK.

3. Set 1 map unit as the snapping tolerance as s ow

• systems for Undergraduate Students
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OK Cancel

Editing Options
---------- - fl_ i ,, . . |i u»e I Fdit Tasks I Annotation ] .Attributes j
General Topology | Versioning | I nits |

Display measurements using [ J oeuni®

1 [map unitsJ Snapping tolerance: |

Sticky move tolerance: | 0 Pixe,s

r Stretch geometry proportionately when moving a vertex

r Show snap tips

r Stream Mode —

Stream tolerance: | 0 map units

Figure 5.14: Defining the snapping tolerance

4. When editing, press the T key to view a circle illustrating the snap tolerance as drawn in
green in Figure 5.15.

Figure 5.15: Circle of snapping tolerance

5.

6.

7.

Complete digitizing the land use image.

then click Stop Editing to

"S'"' * 4 5 “ (COmpare "" “°

Geographical Information
Systems for Undergraduate Students -
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(a) Land use image (b) Land use feature

Figure 5.16: Digitizing the land use image to land use feature

5.2.4 Editing Features in ArcMAP

In the following example, you will add a new road segment to the existing road network.

1. Open the Roads.mxd map from "C:\GIS_Tutorial\Chapter5\Example2".

2. In the Editor toolbar, click the Editor dropdown arrow and select Start Editing. The

shapefile to be edited is the Roads.
3. Set the snap environment. Select vertex, edge and end point from the snap properties.
4. Click the Zoom In button on the Tools toolbar and zoom in to the area around the school

5.

buildings.Make sure that on the Editor toolbar, the Task says Create New Feature, and the Target

is the Roads shapefile, Figure 5.17.

Figure 5.17: Defining a snapping environment
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6.

the Editor Toolbar. Move
to the end, Figure 5.18.

the pointer over the end of
Click the Sketch tool (Pencil) on

the existing road, the circle snaps

Figure 5.18: Connecting the end point of the road line

7. Click to begin the new road. Move the mouse pointer back over the existing road and

right-click to display the context menu.
8. Select Parallel, Figure 5.19, you will find that the pointer moves only in the direction of

the existing road that was previously chosen.

Q Q n :: n ® *0 A xev £

Figure 5.19: Defining the direction of the new road segment, Parallel

I

9. Move the pointer in the direction you want the new road to take (up and to the right)
Right-click and choose Length, Figure 5.20.

Geographical Information Systems for Undergraduate Students--------------
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Figure 5.20: Setting the length of the new road segment

10. Type 200 (map units) and press Enter. ArcMap places a vertex at the correct location.

11. Right-click once again and choose Tangent Curve, Figure 5.21.

Buildings

□ M | W | I | M ® | 00 j k’ d

0 > ! * o w « 
Editor v

Task: | Create Her; Fearure 3 T*** lRoids

----------------------- ------------ ------------ """ Snap To Feature

0 Direction... Cbi+A

Deflection... Ctrl+F

Length... Ctrl+L

Change Length 

Absolute X, Y... ^6

QeltaX.Y... Ctrl+D

Direction/length... Ctrl+G

parallel Ctrl+P

Perpendicular Ctrl+E

Segment Deflection... F7

Replace Sketch 

TangentCurve...

find Text

F8Streaming

Figure 5.21: Drawing a tangent curve to the new road
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. thP i.noer box and choose Arc Length. Click the box to the12. Click the dropdown arrow i P the |ower box, c|ick the dropdown arrow
right and enter a length of ( ’ and enter 60 (degrees). click th
and choose Delta Angle. Chck the box to the g 5 22
button next to Right, if necessary, and then press

Figure 5.22: Setting the curve dimensions

13. ArcMap then draws the curve, Figure 5.23

Geographical Information <
V S for Undergraduate Students
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14. Move the mouse pointer until it snaps to the exhti™ . L

don't click the mouse. You want the next seempnt fk Sh°Wn in Figure 5-24' but

to the existing road. Right-click and choose Perpendicular"™ 7^t0 ** perpendicular
perpendicular to the existing road. ’ The lne’s constrained to be

TB5k: | Create New Feature
I W [Roads

Snap To Feature0 Roads

- S Buitfinos

Ctrf+L

Replace Sketch

Tangent Curve...

Perpendaiar Ctrl+E

Ctrl4A
Ctri+F I

F6 i
Ctri+D {

Ctrl+G ,

5efl«nentDeRerten... F7

Deflection...

Length...

Change Length

AfesobieX, Y...

Celia x,Y...

Direction length...

Pare!1*!

Brerton...

Figure 5.24: Completing the new road segment

15. To complete the road, move the pointer over the road that will intersect the new road.

Double-click to end the line, Figures.25.

■ sterns for Undergraduate Students -
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5.2.5 Editing Attribute Tables

5 2 5.1 Adding and Deleting Fields

re of shapefiles and dBASE tables by adding and deletingArcGIS allows you to modify the struc u type of an existing fie|d can't be modified;
fields or attribute columns. The name and data type. A field's name must

Aand
field is a virtual column crea va|ue shapefi|es and dBASE tables must
that each record in the ta and e fje,ds or the Q(D fje|d After
XSZ— ^^jtsessior^in ArcMap to define their attribute values.

1 Open the Roads.mxd map from "C:\GIS_Tutorial\Chapter5\Example3 .

2. Right-click the Buildings shapefile in the table of contents and choose Open Attribute
Table.

3. Click the Options button then select Add Field, Figure 5.26.

4.

5.

6.

Type "Area_m2" as the field name in the Name box.

Click the Type dropdown arrow and choose the Double type.

. field

The properties that are appropriate for the new field’s data type appear i
Properties list, Figure 5.27. Properties may include:

a. Precision: The number of digits that can be stored in a number fi

example, 56.78 has a precision of 4.

Geographical Information c
ys ems for Undergraduate Students
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Name:

Cancel |OK

Figure 5.27: Add Field dialog box

Add Field

preajn2

[Double

b. Scale: The numbers of digits to the right of the decimal point in a number

in a float or double type field. For example, 56.78 has a scale of 2.

c. Length: The length of a text field specifies the number of characters.

Type:

i riupemes • ------ -——--------- --- ----------- _-------------

jHrectsion |io ------- ~|
| Scale

7. Click OK to add the Area_m2 field.

8. Add the Length_m field in the attribute table of the Roads shapefile.

9. Add X_Coord. and Y_Coord. fields in the attribute table of the Cistern shapefile.

To delete a field, you can right-click the field's heading in the table and click Delete Field.

5.2.5.2 Performing Field Calculations

Editing or entering values in a table could be carried out using the keyboard. In some cases, you
might want to perform a mathematical calculation to set a field value for a single record or even
all records. The ArcMap field calculator helps you perform both simple and advanced
calculations on all or selected records. For example, the area, length, perimeter, and other

geometric properties can be calculated for fields in attribute tables.

5.2.5.2.1 Performing Calculations on Feature Geometry

.r , , . . ,. .i . x. Li_ a fpAture layer, you can easily calculate the area,
f you re working with an attribute table oi a feature my , yyuu ie wuiMiig WIL!! nr v-rpntroid using the Calculate Geometrylength, perimeter, x-location, y-location, x-centroid, y

dialog box.
friat-a source or the coordinate system of the data

You can use the coordinate system of the da se|ected/

frame when performing calculations. Noting
then only the selected records are used in the calcu ations.

-____________________ Geographiea, Inf.rm.ti.n Systems for Vedette Students
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mpric or text fields. For the most precise results, use a
Calculate Geometry works with any num decimal places. If an integer field is used, the
double type field, with the desire num d the unjt,s abbreviatjon can b
resuit wll! be rounded off to a who!e nurnbeo «xt
included to develop a ready-to-use field for labeling.

1. Open the Roads.mxd map from "C:\GIS_Tutorial\Chapter5\Example4".

2. Open the attribute tables for the Roads, Buildings and Cistern shapefiles.

3. Right-click on the Area_m2 field name in the Buildings attribute table. Then choose

Calculate Geometry, Figure 5.28.

Figure 5.28: Calculating the geometry of a feature

In the Calculate Geometry dialog box, select Area in the Property dropdown box. Then
click OK to finish, Figure 5.29.

Geographical Information Systems for Undo
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Figure 5.29: Calculating the area of features using Calculate Geometry

5. The area of all the buildings will then be calculated, Figure 5.30.

Figure 5
30: Table showing areas of land use parcels

6. Calculate the length
of the roads and the x

andy coordinates of the Cistern shapefile.

5.2.5.2.2 Using the Field Calculator Ca|culator, this includes entering

The values of attributes could' ^a)ues based on an equation.

text/numerical values or calculating

, n systems for Undergraduate Students
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1. Open the West Bank.mxd map from ^C:\GIS_Tutorial\Chapter5\Example5\

2. Open the attribute table for the West_Bank shapefile.

3. Add two numerical fields: "Area_km2" to include the area of each governorate and
"Pop_Den" to calculate the population density (Inhabitant/km )

4. Calculate the area of the West Bank Governorates in (km2)

5. Right-click on the heading of the Pop_Den field. Then click Calculate Field and enter the

equation as shown in Figure 5.31.

Figure 5.31: Calculating the population density of the West Bank Governorates

6' _CI'CkOKto complete the population density calculation process, Figure 5.32.

Geographical Information Systems fnr i.
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Identifying Features in ArcMap5.3

Identified 1 feature

Figure 5.34: Identify window

■nffy

<Top-most layer >

i FID
Shape
NEW_PCBS_C

, AREAJCM
COMMJD
COMMJ'JAME
POPULATION
HOUSEHOLDS
DISTRICT
fam.size
COMMJTYPE
COUNCIL
XJ*1_
Y M_
NEWFIELD1

n Systems for Undergraduate Students
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The Identify tool allows you to see the attributes of your data and is an easy way to learn
something about a location in a map. Clicking the Identify tool on a location inside a data frame

will present the attributes of the data at that location. When identifying features with the
Identify tool, the attributes are presented in a feature-by-feature manner in the Identify
window, Figure 5.34.

The Identifying Feature tool is used when information about a dk i .,
located on the Tools toolbar in ArcGIS, Figure 5.33. P ayed feature is needed. It is

A/ down the amount of data you see by either
The Identify tool can be customized to narro' .pg the fie|d properties of those layers. By
filtering the layers you are interested in or y , rks wjth, you can quickly focus on w at is
.educing (he number of layers (be Identify whidl „eMs are shown, you can ensu e
important to you when exploring a map. By ® ™ 6„c|lfe usine field names that are easy (o
that the Identify tool returns only the most approp

understand.

Location: 1 160,223.343 197,803.283 Meters

Field | Value

31
Point
100475
1.5
100475

‘Illar
5135
923
Tulkarem
5.5
Urban
Munidbality
160232.5
197666.4
100

Communities
sj Illar

Identify from:

Figure 5.33: Tools toolbar (Identify tool)
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' testify-

Figure 5.35: Accessing the Identify tool by a right-click

Pan To Selected Feature!

J J Fixed Zoom In

5 J Fixed Zoom 2ut

* O Center

Select Features

Accessing the Identify Tool s The most popu|ar way is to click it on the
The Identify tool can be accessed in a num R. the map in the data view, Figure 5.35.
Tools toolbar, but you can also access i toolbar in ArcMap, the Identify window
When you click the Identify t0° ° hich |ayers you want to identify before you click
immediately appears, enabling y more convenient if you don't want
the map to identify a feature. Th.s. makes the Ident y comcn
use the default topmost layer sett . t also, enable^ ^^y

2X".‘hXifj »lndow when It's selected because you normally only work with

one layer at a time in the ArcCatalog Preview window.

Geographical Information Systems for 11 j
V tems for Undergraduate Students

5.3.1 Choosing which Layers to Identify

use the Layers dropdown list at the too^f th tOpmost ,ayer in the maP by default. You can

your map or generic layer settings ° ° * ent’^y window to choose from specific layers in

536; fy ool will act on whichever option you choose in the Layers dropdown list, Figure

1- Topmost layer: Identify will list thp -k
uppermost in the drawing hierarchy .Utes°ftbe feature or features from the layer that is
contents. This option would not idenL'f W°rds' the hi§hest layer in the table of
contents or that do not appear because 3 layer that is turned off in the table °f

0 e scale of the map. With this setting, you will

Full Extent

4i Go Sack To Previous Extent

Go To Next Extent

® Paste Ctrl+V

Data Frame Properties...55C
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usually get the attributes of the feature you click with™ t
in other layers that are drawn underneath that feature 8 the attributes of features

2. Visible layers: Identify will list the attributes of the features h«i ■
currently drawn on the map at the location you click b glng to all layers that are

3. Selectable layers: Identify will mention the attributes of the features belonging to layers at

the location you click that are checked on in the table of contents, the Selection tab or the

Set Selectable Layers dialog box. If a layer is selectable, its features will be identifiable even

if the layer is not currently drawn on the map. The Selectable layers option can be useful as
the default because it restricts Identify to the same set of layers on which interactive

selection operates.

4. All layers: Identify will give the attributes of the features from all the layers at the clicked

location. This includes layers that are not currently drawn on the map. This setting is useful
if you want to create a cross-section of all the attributes of all layers at a particular location.

5. Specific layer: A specific layer in the map can be chosen to be identified. If you choose a
particular layer name rather than a generic option, its features will be identifiable.

B

B

B-

Identified 3 features
to identify in the Identify Window

Figure 5.36: Choosing layers

Identify

Communities
Tulkarm

Road
57

Tulkarem Bon
Tulkarem

Identify from: <AII layers > ▼

" : <Top-mostlayer>
<Visib!e la yers >
<Selectable layers >

D <Ail layers >

Communities
Road

<0* Tulkarem Border

5.3.2 Working in the Identify Window
.. lavpd in the window and show three categories of

The results of an identify request are disp y . he attrjbutes belonging to each
information: a list of features that have een
identified feature, and location coordinates, igure .

euitfdiure, d n the left side of the window. Features are listed
Each feature that has been identified is hste on name of the |ayer t0 which they
using the value of the layer's primary isp aY
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.. tod if vou have identified features from more than onebelong. You will see multiple layers listed if you

layer- c attributes of the feature you identified. When you have

The right side of the window shows feature in the list on the left and view its attributes
identified features, you can click a pa ic attributes for different features. You can

in the right panel. In this way, youby right-clicking within the attributes panel.
interact with the attributes of identified features by rg

. ciirkpd are displayed on the right side of the windowThe x, y coordinates for the location identified feature from the list on the left, the
above the attributes panel. W en you feature's location (if it is a point feature) or

"- - - r8 ,he uniB "i,h which ,hese
coordinates are displayed, select the coordinates and copy them.

5.3.3 Working with Identify Results

You can interact with identified features by right-clicking a feature in the list on the left side of
the window. This menu allows you to do a number of actions with the identified feature,
including selecting, flashing, zooming, and panning to it. You can also manage and access
hyperlinks set for the feature, create spatial bookmarks based on the extent of the identified
feature, organize the list of identified features, and copy the feature's attributes, Figure 5.37.

- Road

Identified 3 feature?

Tu’kare
Tu’i

Identify from: | <a>! la vers >

E Communities
-----

5”; ”ith «l Identified features

Location: [153,902.210 191,443.800 Meter:

Rash
(*J Zoom To

Pen To

| Value

22
Point
100645

E Tulkarm
1 33949
>S 6143

Tulkarem
5.5
Urban
Munidbality

Select

□ Unselect

Add Hyperlink...

Manage Hyperlinks.,.

Cl!) Create Bookmark

Sort Ascending Ctri+S

Remove from Tree Del

Copy Record Ctrl+C

T"

Rebted'^n.m",0*'15 7 T"V °'vlew,ne reiated information about the feature you identified-

clicked be either) " “a h’S expresslV associated with the geographic feature yon
pdon ab e e “o’ a for exampie. If you have a

description table of groundwater wells that are related a groundwater wells feature class, you 
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5.3.4

3.

5.4

Identify

1.

2.

Layers
C:\Temposy*la-

- 0 wells

1V19/04;I LocaMn; F153,209.215 199,229.2401

How to Identify Features

Click the Identify tool on the Tools toolbar, the Identify window opens.

Click the pointer over the map feature you «
layer (by default) under the pointer will be identified. (You
Identify tool to identify all the features inside t e

£ u • a™, to interact with the identified features, or the
Right-click the left side of the window
right side to work with their attributes.

I Source | Selection j

I-------------------- j
f Qra'.ving

Adding Hyperlinks to Features
ted to features using the "Hyperlink" tool on the

You can access documents or Web pages re a additional information about the
Tools toolbar, Figure 5.39. Hyperiinks ;allow yo^u t^pm^

features to people who will be using y

|,o] Aia)'

: 160393.119 199310. *53 unknown units

Figure 5.38: Viewing related information
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Figure 5.39: Hyperlink tool on the Tools toolbar

Hyperlinks have to be defined before you use the Hyperlink tool, and can be of one of three

types:
1 Document: When you click a feature with the Hyperlink tool, a document or file is

launched using the application with which that file type is currently associated.

2. Uniform Resource Locator (URL): When you click a feature with the Hyperlink tool, a

Web page is launched in the default Web browser.

3. Macro: When you click a feature with the Hyperlink tool, a value is sent to a macro. This

option helps you create customized hyperlink behavior.

You can define a hyperlink for the features in a layer using Field-based hyperlink or Dynamic

hyperlinks.

5.4.1 Field Based Hyperlinks

With this type of hyperlink, the target document, URL, or macro value that will be launched is
specified for each feature in a field in the layer's attribute table. The values of the field that you
choose to provide document or URL hyperlinks for can include the full path to the target
document or the full URL of the target Web page.

In this section, you will hyperlink photos to land use features using field-based hyperlinks.

1. Open a new ArcGIS map, load the Landuse shapefile from
"C:\GIS_Tutorial\Chapter5\Example6".

2. Open the attribute table of the Landuse shapefile.

3. Add a new text field to the attribute table (Name ="Hyper" and length = 100 characters).

4. Select all features with a land use type equal to Olives, then use the Field Calculator tool to
fill the hyper held with "C:\GIS_Tutorial\Chapter5\Example6\lmages\olive.jpg”.

anra^sTpgXtttive?5’ ““tVP6S' U$e ShrubJpg' RainfedJpg

6. The table will resemble that in Figure 5.40.

Geographical Information Systems
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Shrub
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Record: i<| < |[ Records (0 out of 33

B Attributes of Landuse

2-

0

PIO | Shape *

8 [Polygon

91 Polygon

Citrus
Citrus

Polygon

Polygon

I Olives

Olives
Olives

Polygon

Polygon

Polygon

Citrus
Citrus
Citrus

Polygon

Polygon

Rainfed
Rain fed ~~

Rainfed

---------- —-------- --------- ——y— . i >a y iu ir.' e. J PGCAjglWWeramch.pter Sample Wmaj^T^---------

Rainfed
Olrves
Olives
Olives

261 Polygon
27 [Polygon

23 [Polygon

_ 23

21

L Type

I Shrub
Shrub
Shrub

_______________■ —■.jwaumanajKIj
------ —.•rials\ChapterS\Example1\lmages\Rainfed.JPG

\Terr.posV.1atenal3\Chapter 5>£xample 1\lmages\Ramfeo JPG
C:\Temp0s\Llaterial3\Chapter  SXExampte 1Umages\Rainfed.JPG
C:\Tempos\l.laterials\Chapter 5\Example 1\lmages\Olrve.JPG

C:\Tempos\l.1aterials\Chapter SXSxample 1Mmages\Ofive.JPG
C:\Terr.pos\l.1aterials\Chapter 5\Exampie 1\lmages\Orive.JPG
C:\~empos\l.1aterials\Chapter SXExample 1\lmages\Oliye.JPG
C:\Tempos\l.laterials\Chapter SXExample 1\!mages\Olr.’e.JPG
C:\Tempos\l.laterials\Chapter S\Example 1\!mages\O&ve.JPG
C:\Tempos\l.laterials\Chapter 5\£xampte 1Umages\Cttrus.JPG
CATemp os\Materiais\Chapter SXExample 1\lmages\Cjtnis.JPG
C:\Tempos\l.1atenals\Chapter 5\Exampte 1\lmages\Cttus.JPG
C \~err.pos\l.1aterials\Chapter 5\Example 1Vmages\Citnjs JPG

' C:\Tempos\l.1atenals\Chapter S\Exampte 1\lmages\C<rus JPG
' r-\TAmnnaM.(a»6rial«\rhflnUr ^\Fvi»mnU» IDR

[Polygon

Polygon
polygon

Polygon

a__________________ Hyper_________________| C.\Tempos\!Jaterials\Chapter SXExampfe 1\lmages\3hrub.JPG

C:\Tempos\L1ateriais\Chapter SXExample 1\lmages\shrub.JPG
C:\Tenipo3\l.1atenal3\Chapter SXExampte 1\lmages\shrub.JPG
C:\Tefripos\Materials\Chapter 5\Exampte 1\lmages\shrub.JPG
CATempo3M-1aterials\Chapt*r5\Exampte 1Vm3gesW.nfed.JPG

C:\Tempos\Llaterials\Chaoter c\sv>r"«t- «»•--

J ,d
__ 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Figure 5.40: Defining the location of hyperlinked images

7. Double-click the Landuse shapefile in the table of contents.

8. Click the Display tab.

9. Check the Support Hyperlinks using field: item.

10. Click the dropdown arrow and choose the Hyper field (the field containing the hyperlink

target).

11. Click Document to specify the type of hyperlink required.

12. Click OK, Figure 5.41.

ta^Prpjxrtfes

General | Source | Select)

f~ Show Map Tips (uses primary display field)

Display J^ymbo'ogy | fields | Drfnikxi Query | Labe's | Jens S Relates | '

Figure

p Scale sjmbo'^ when a reference scale IS set
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* *

DiapiayJSojce | Selection]

grj.-.ng

~ Untitled ArcMap - ArciigF^tfMgiWMM

& Layers

0 Landuse
□ <e?o:

Type
□ Agncdtyral tar
□ GtruS
■ Gives
O R&nfed
EB^oad
□ Shrub

He E,dt* Insert ^e'ecton Togs Ju^dow fieb

D & B B

q q :: :: > c>«?

z ♦ o Mr which you want to access a hyperlink is checked
13. Make sure that the land use feature for wh.ch y

on (visible) in the table of contents. ...
. Tools toolbar. Any visible features in the map that have

14. Click the Hyperlink tool from the co|or) or outlined in blue in the case of
hyperlinks defined are drawn in u which a hyper|jnk exists, the pointer turns
polygons. When you are over a e name the target
into a pointing hand and you see a pop up tip w

15. « „ „ .< .he Olive po„ -

S’- . .he hWe« vou wen. .o lau„eh.

jlaj-ef ny-.hdt features you create ■■•..1 be stored

Figure 5.42: Opening a hyperlinked document

B I u A ▼ &

35:-5’..653'E 32=23'7.62X i.

16. Repeat step 11 for the "Citrus", "Shrubs" and "Rainfed" types.

In this example, the full path of the h
value may just contain the name of theT'1'"^35 tVPed in the Hyper field- Alternatively, the
Base property to specify the path where d°Cument <image) and you can use the Hyperlink
specified using Document Properties in thAf Can be found- The Hyperlink Base property is
easier to manage hyperlinks; if the locatin ' e,m^nu' Fi?ure 5-43. Using this property makes it
setting instead of having to edit each value nnfr°hftzhe targetS chan8es. you can simply edit this

the field providing the hyperlink targets.
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17. Click the File menu, then choose Document Properties The

box will open. Type "C:\GIS_Tutorial\Chapter5\Examnlpfi\i CU™nt properties dialo8box. This - be used as the path t\e

LJ 

Ctrl+S

A £opy. 

ind Print Setyp...

Il p ..it Preview

Import from ArcViev.1 project..

Alt+F4Exit

$  I * 11

 rcMap - Arcinfo

Ctrl+N

Ctrl+Q

Display Source I Se-ection

Fil* gdit Vie?.' [nsert ^election Tools V£indo;

Export Map...

1C: \Tempos iMa... \TulkaremMap.mxd

2 C: ■ • ■ Wegetabon Analysis.mxd

2 C: \TemposV-la... \TulkaremMap.mxd

4 C: \TemposV-l... \Tu!karemMap2.mxd

5 C: 'PET JGOt J'Day 1.2- • • 'airport, mxd

2 U:V‘iuath\A3 MA...Yainfall map.mxd

Figure 5.43: Setting a location source for hyperlinks

, gracing v

Display tine map properties

■•I Da^..

”.083 32.333T^kr.O'.'.n Urut£

18. Remove the full path names from

defined before, Figure 5.44.

the attribute table of the Landuse shapefile you

— Geographical information
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Figure 5.44: Removing paths of hyperlinked documents from the attribute table

19. Repeat steps 11 and 12 once again.

5.4.2 Dynamic Hyperlinks

With this method, the target document or URL is specified for a particular feature in the Add
Hyperlink dialog box accessed from the Identify window, Figure 5.37. This allows you to
introduce hyperlinks directly without having to use a field to supply the targets. The Add
Hyperlink dialog box lets you specify either a file or a URL target. The names of the targets you
specify in this way are stored with the layer in your map. They are also stored with the layer if
you save the layer to a file. You can define any number of dynamic hyperlinks for a feature. If
more than one hyperlink is defined for a feature, when the feature is clicked with the Hyperlink
tool, a dialog box will appear from which the desired hyperlink can be selected. The Hyperlink
Base setting has no effect on dynamic hyperlinks.

1. Open a new ArcGIS map, load the Wells and Tulkarem_Border shapefiles fro
"C:\GIS_Tutorial\Chapter5\Example7".

2. Use the Select by Attribute tool to select well 15-19/047.

3. Click the Identify tool on the Tools toolbar.

4. Click on well 15-19/047 for which you want to define a hyperlink.

5. Right-click the feature in the Identify window and choose Add Hyperlink.

6. Specify the desired hyperlink target "C:\G1SJutorial\Chapter5\Example7\lmages\wel1
15_19_047.JPG".

Geographical Information Systems for Undergraduate Students--------------------
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7. Click OK.

8. Click the Hyperlink tool from the Tools toolbar

9. Click on well 15-19/047 and its image will ann™ t„
click the Identify tool on the Tools toolbar manage the dynamic hyperlinks,

10. Click the feature that has the dynamic hyperlinks von
nyperunKs you want to manage (well 15-19/047)

11. Right-click the feature in the Identify window and click Manage Hyperlinks.

12. Click Add New, Remove, Remove All, or Jump To. Then click OK.

5.5 ' < g a Graph

Before you create a graph, you should determine what sort of information you want to convey.
Deciding on whether you wish to show the trends, relationships, distributions or proportions in

your data will help you select the appropriate type of graph.

You can graph all features from a dataset, or just selected ones. The dataset can be a feature
class, a layer, or an integer raster. You can also graph tabular data. Some graphs can effectively
display only a limited amount of data, so choose your graph type appropriately. Alternatively,

you might consider making more than one graph.

5.5.1 Graph Wizard

Graph type:

'.'.'estJKstncts

Value field:

X field (optional):

X label field:

Vertical axis:

Horizontal ax-s:
I" show labels (marics)p Add to lepend
[Match with L0Yef

Color:

Bar style:

Multiple bar type:

GraPh Wizard, first window
Figure 5.45: Create

' Create Graph Wizard

Vertical Bar >

Add ^1

The Create Graph Wizard, Figure 5.45, will lead you through the steps necessary to create a

graph.

| ijjj] Vertical Bar

Layer/Tab-le:___

&

. „s,sten»W«’lere,’‘l“a“S,U*n'! '
- GeograPhical lnforma"°n *
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The basic steps of creating a graph (common
all the available types) include:

1. Start the Create Graph Wizard.

2. Select the graph type.

3. Set the data source.

4. Select the fields to be graphed.

5. Set the color to be applied.
6. Add additional series or functions to the graph, if desired.

7. Proceed to the second page of the Wizard, Figure 5.46, to set the general properties of

the final graph (title, etc).

Figure 5.46: Create Graph Wizard, second window

8. Accept your settings.

Once you have completed these steps, the graph will be created in ArcMap as a floating
window. Additional options are available to give further control, as well as specific options that
apply to individual types of graphs.

5.5.2 Creating a Simple Graph

To become familiar with the wav ar^krprocedure used to create a simolp P Created ,n ArcG,s> the following is the basic
vertical bar graph. ’ Orr,mon tyPe °f graph. The easiest graph to make is a

1 0P“ * W“
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2.

£Qle Edit View insert Selecbofl fools

| i% 1$ ® | 0 £i E3 
xj

* Untitled - ArcMap - Arcinfo

| West_Districts

►
B Layers

B 0

w Help

 a' H ®p, tfe e S Editor Toolbar

Click the Tools menu, point to Graphs, and choose the Create butt t
Wizard, Figure 5.47. reate button to start the Graph

Reports

Geocofing

xy Add XY Data...

tn Add Route Events.

ArcCatalog.

Onjine Services

& My Maces...

[Macros

Customize...

Extensions...

Styles

Options...

Manage...

► load...

Figure 5.47: Create a simple graph

Click the Graph type dropdown arrow and select Vertical Bar, Figure 5.48.
3.

4.

Figure

dselec.W««»’"k-Dis,,l',”S",eS“rCe°f
Click the Layer/Table dropdowa arrow 3

the data values you want t g
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„ „rr_.A, and cplect the No Communities field to graph. The5. Click the Value field dropdown arrow and select me i - l,,e
Wizard will preview the initial version of the grap , igure

Figure 5.49: Initial version of the simple graph

6. Click the X label field dropdown arrow and select the Name field to label the x axis with
the names of the West Bank Governorates.

7. Keep the vertical axis on the left of the graph and the horizontal axis on the bottom.

8. Uncheck the Add to Legend and Show labels (marks) items.

9. Click the Color dropdown arrow and select Palette. Select Windows XP from the
dropdown arrow on the right of the Color dropdown arrow.

10. Keep the Bar style, Multiple bar type and Bar size as the default values.

H. Tick the Show border box to draw a frame around each bar. The Create Graph Wizard
will look like Figure 5.50.

Geographical Information Systems for Undergraduate Students -
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Figure 5.50: Final version of the simple graph

12. Click "Next" to move on to the second page of the Wizard.

13. Change the Graph Title to "West Bank Governorates".

14. In the footer box type "Population Distribution in the West Bank Governorates".

15.
Rename the left axis to "Number of Communities"
"Governorate". The second window of the Create Graph

and the bottom axis to
Wizard will look like Figure

5.51.

window of the graph
the second

Figure 5.51: Setting

'.ifl Create Graph Wizard

R? Graph legend

Tide:

A»s properties

Left |R»ght

Title:

Visible

Logarithmic

Governorate

(S Show al features,Tecords on graph

R7 Highlit currently selected features/records

C Snow only se'ected features,records on the grr

, General graph proper tes

Title:

Bottom | Top |

I Govemoratel

rinanew floating window as shown in Figure 5.52.

16. Click Finish. The graph should appea ------- -----------------

• Svstems for Undergraduate Students

— Geographical mformatron

| West Bank Governorates
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Graph m 30 view
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Pspu.'atofl Distribution m rt I VWGc.trn'a^s

Figure 5.52: Number of communities versus West Bank Governorates graph (Vertical Bar)

The color of the bars could be similar to those used for the West Bank Governorates.

17. Classify the West Bank Governorates according to their names using Categories

Classification.

18. Double-click on the Graph window.

19. Click the Color dropdown arrow and select Match with layer. Then click OK. You will find
that the colors of the graph bars are the same as those of the West Bank features,

Figure 5.53.

S.S3: Ch»„ei„g the „lor ,ta graph m mKh the p( ,he fMures

Geographical Information Systems
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The type of the graph used can be changed based nn ♦
the graph. To change the type of the graph above from vertical blslo a"d the.PUrp°Se °f
following steps: ca bars t0 a P’e chart do the

20. Double-click on the graph, click the Graph type dropdown arrow and select Pie

21. Repeat the steps above to select the graph parameters, Figure 5.54.

22. Tick the Add to legend box then click apply.

Graph Properties of West Bank Governorates

Figure 5.54: Changing the graph type to a pie shape

23. The graph will resemble Figure 5.55. Notice that the legend has also been added to the 

Graph type:

| OK | Cancel | w,- |

Series | Appearance |

Layer/Tab'e:

V;est_Di$tricts

Value field: |No_Communi
___ _

Sort field: | <None > | Ascendii

label field: (Name d
Vertical ax<s: r J
Horizontal axis:

P Add to legend

r

1“ Show labels (marks)

d

_____
Color: (Match with layer “3
Total Pie angle (degree): 1

Rotate Pie (degree):

Explode the b.ggest slice (%): I

[? Show border

3Wd
o-J
od

graph.

Figure 5.55: Pie shape graph
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u I labels added to the pie graph by un-checking the Add to
24. You can replace the: lege (marks) jtem You wi,| find that the

label box and check the box left to the snow t
labels are now on the pie graph as shown in Figure 5.56. 

Figure 5.56: Number of communities versus West Bank Governorates graph (Pie)

You can also create a multiple series graph, for example, a graph between the population and

the number of communities in the West Bank Governorates.

25. Create a graph between the Number of Communities versus West Bank Governorates as
done before using a custom color (e.g. Blue), Figure 5.57.

West Bank Governorates

West Bank Governorates 

Figure 5.57: Number of communities versus West Bank Governorates graph (Single color)

26. Open the Graph Wizard for the graph above. Click the Add button
Graph Wizard, then select New Series, Figure 5.58.

on the bottom of the

Geographical Information Systems for Undergraduate Students
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Figure 5.58: Adding a new series to the graph

27. A new vertical bar will be created. From the Value field dropdown list select the

Population field.

28. Modify the rest of the boxes with the following information:

a. X label field: Name

b. Vertical axis: Right

c. Color: Custom, select the green color

d. Check the Add to legend box

e. Check the Show border box

29. Click twice on Vertical Bar 2 to rename it to "Population".

30. Click twice on the Vertical Bar 1 to rename it to "ft Communities", also check the Add to

Legend box.
31. The Appearance table can be used to change the location of the legend and to rename

the right axes.
32. Click Apply to finish, the graph will look like Figure 5.59.

 Geosraphle., Worm.®" U„d.W3®...
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Figure 5.59: Two series graph for the West Bank Governorates (# of communities and

population)

6 Querying Data Using ArcGIS

5.6.1 Selecting Features Interactively

Selecting features allows you to identify or more easily locate a subset of features on your map.
You will most likely work with selected features when you are querying, exploring, analyzing, or
editing data. Applying a selection is also a way of specifying the features for which you want to

calculate statistics, view attributes, move, and so on.

There are several ways you can select features. You can select features with your mouse by
clicking them one at a time or by dragging a box around them on the map using the Select
Feature tool in the Tools toolbar, Figure 5.59. You can also select features in the map by

selecting their records in the table or graph window with your mouse.

Figure 5.59: The Select Feature tool

Before you select features using one of these methods, you can specify which layers are
selectable. Do this when the features you want to select overlap or are close to features from
other layers. For example, if you have an area where many of the buildings are close to main
roads, you can avoid selecting roads by specifying that you want to select from the buildings
layer only. You can select from the layers that are checked in the Selection tab at the bottom of
the table of contents or in the Set Selectable Layers dialog box, Figure 5.60, which you can open
by clicking on the Selection menu and choosing Set Selectable Layers, Figure 5.61. Uncheck the
layers you do not want to be able to select from. In this example, you would make sure that the
buildings are checked, but you should uncheck the Roads layer

Geographical Information Systems for Undergraduate Students
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B 0 Roads
a
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Set Selectable Layers...
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Untitled - ArcMap - Arcinfo

B O Layers
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Landuse 

□ <a!l othei Interactive Selection Method ►

TYPE Options...
□ Agricultufcrarn-------rr." ---------- yr
I 1 Building ‘Sakai II rr

j File Edit View Insert j Selection Tools Window Help

D GJ B S’ % Select By Attributes...

5'^'5 rl
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Figure 5.60: Choose the selectable layers

B 0 Buildings

B 0 Roads■
B 0 Landuse

□ <a!l other vak

TYPE
□ Agricultural Ar
□ Building 'Sakai
□ Bu 'dmg with A
□ Commercial La
□ School
□ ESES

I ■ Set Selectable Layer
— no

Gb K i

Choose which layers can have theirfeatures selected interactively with the
Select Features tool. the Select By Graphics command, the Edt tool. etc.

0 BuJdngs Se’ectAI 1
□ EW! ■ K
□ Landuse CtesrAl | j

Ooae | 1

Figure 5.61: Set Selectable Layers window

As you are selecting features, the number of features selected is shown immediately in the
lower left corner of the ArcMap window. It is also shown after the layer name on the Selection

tab of the table of contents, Figure 5.62.
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Figure 5.62: Highlighting selected features

1. Open a new ArcMap document. Load the Buildings, Roads and Landuse shapefiles from

"C:\GIS__Tutorial\Chapter5\Example9".

2. Use the appropriate symbology for the map.

3. Click the Selection menu and choose Set Selectable Layers or click the Selection tab from

the table of contents.

4. Check the boxes next to the layers that you want to be able to select. Uncheck the boxes
next to the names of other layers (Roads and Landuse shapefiles) which you do not
want to be able to select. Note that layers whose names are unchecked are still visible in

your map but cannot be selected.

5. Click the Select Features tool on the Tools toolbar.

6. Click the feature you want to select.

7. Hold down the Shift key to select additional features.

If you want to select a number of buildings in a specific area, you can do this by dragging a box
around them as follows:

8. Click the Select Features tool on the Tools toolbar.

9. Click and drag a box around the features you want to select (from the Buildings layer).
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Figure 5.63: Selection by dragging a box over the desired features

To remove a feature from the selected set, click the Selection menu, point to the Interactive
Selection Method, and then click Remove From Current Selection, Figure 5.64. Drag a box 

around the features you want to deselect.

> - Arcinfo

Set Selectable Lasers...

12 Clear Selected Features

■ 1%

File Edit yew Insert Selection Tools Window Help

1% Select By Attributes...

Select By Location...

______

(♦S Zoom To Selected Features

_______________ __ Pan To Selected Features
0 Buildings (35) s Sla|jstia.„

□ Roads

□ Landuse

J ;/<£>$(
®. 00 Editor * ’

s it O M

Options...

I IFigure 5.64: Remove features from a current selection
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You can unselect all the selected features by clicking the Unselect tool from the Tools toolbar,

Figure 5.65.

Figure 5.65: Clear selection tool

Features could also be interactively selected by choosing them from the table.

11. Right-click the Buildings layer in the table of contents and choose Open Attribute Table.

Figure 5.66: Select features from a table

12. Select a feature in the table by clicking on the left of the desired record, Figure 5.66.

13. Hold down the Ctrl key and click any additional features.

button^r^thfeathre< h°ld d°Wn tlie Ctrl key and click tlie feature or click the Options
button and then choose Clear Selection, Figure 5.67.
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Figure 5.67: Clear selection from table

15. To select consecutive records in a table, click and drag the pointer up or down.

5.6.2 SQL Expression

Structured Query Language (SQL) is a standard computer language for accessing and managing
databases. SQL expressions are used in many parts of ArcGIS and its extensions to define a
subset of data on which to perform some operation. You use it in ArcMap to select features with
the Select by Attributes dialog box, Figure 5.68, or with the Query Builder dialog box to set a
layer definition query. It can also be used in geoprocessing to define a subset of features or
records to perform an operation on or to select features programmatically.

SELECT * FROM Tu!kafem_Communities WHERE:

|' POPULATION" ?=5CC0 AND "COMM-TYPE" - Urban'

Figure 5.68: Typical SQL statement

5.6.3 Using Select by Attributes

The Structured Query Language (SQL) is a powerful language you use to define one or more
criteria that can consist of attributes, operators, and calculations. For example, imagine you
have a map of groundwater wells and want to find the wells that have abstraction levels equal
to or more than 100,000 m3/year and are used for agricultural purposes. This could be done

using the expression: Abstraction >= 100,000 AND type = 'Agriculture'.

When you search with SQL expressions, you can select features or table records in any data
format supported by ArtMap. Hoyreyer. you format expressions Me.er.tly d.pend.og op the

format of the data you are querying.
i u .iintA/c vnu to select features from a given layer using an SQL

The Select By Attributes dialog box allows you to seieci.e
expression. This option is clarified in the following examp e.
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1.

2.

1 $ .7

Figure 5.69: Selection by attributes

3.

Click the Method dropdown arrow and choose Create a new selection.4.

5.

SdectBy Attrixites...

Figure 5.70: Select

From the Select By Attributes dialog box, click the Layer dropdown arrow and choose
the layer containing the features you want to select. In this example you are going to
select features from the Tulkarem Communities shapefile.

Interactive Selection Method

2ptons...

Re Btt View ln?er| Selecto" joois W*

Double-click the Population field to add it to the expression box below.

6. Click the ">=" operator to add it to the expression.

7. Write "3000" in the expression window on right to the ">=" operator, Figure 5.70.

□pen a new ArcMap document. Add the Tulkarem Roads Tulkarem Communities and
Xmm Border shapefiles from ■C:\GIS.Tumrlai\Chapter5\ExamplelO\

Click Selection on the main menu then choose Select By Attributes, Figure 5.69.
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Digplay J Source | Selection |

—U'kare-nMap.nud.A2Map - Arclnfo

Tu'kerem_Road3

Tulkarem Border

8. Click OK. The result is colored in cyan, Figure 5.71.

° Tulkarem Map
3 0 Tu'karem.Commu

, File £d>t View [nsert ^election Too!; Window Heip

; □ g? q a|x ^a|xpT
]aa®|Ei ■■

Qrawing

'Humber of features selected: 13
A * I-*, jl^rnal

152435.018 173222.032 Meters

EGO Editor

a H

Figure 5.71: Selection results

You can extend your search by adding a new constraint to the SQL function.

9. Click Selection from the main menu and click Select By Attributes.

10. You will find the previous expression still written in the Expression box. Change the
selection method to "Select from Current Selection" to select from the previous
selection.

11. Click the "AND" operator to add it to the expression.

12. Double-click the COMM_TYPE field to add the field name to the Expression box.

13. Click the "=" operator to add it to the expression.

14. Click Get Unique Values to see the values for the selected field.

15. Double-click the Rural value to add it to the expression to select all rural communities

that have a population equal or more than 3000 inhabitants.

16. Click the Verify button to see if you are using proper syntax or if the criteria you have

entered select any features, Figure 5.72.
17. You can use the Save and Load buttons respectively to save your current query as a file

or load an existing one.
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"FAM-SIZE’
"COMM-TYPE'
COUNCIL"

•y M "
"NEWFIELDT

-POPULATION" >.3000 AND'CONIM-TYPE ’ ■ Rural'

Verifying expression

Figure 5.72: Verifying the SQL statement

18. Click Apply. This will remove all communities which are not rural from the previous

selection, Figure 5.73.

Figure 5.73: Refining the previous selection
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19. Use the Clear button to 
empty the Expression box.

You can do the same selection from the attribute table of the Tulkarom r
e ,ulkarem_Communities layer.

16. Right-click the Tulkarem_Communities
Attribute Table.

layer in the table of contents and choose Open

17. Click the Options button and then choose

same SQL statement. Figure 5.74, type in theSelect By Attribute,

Figure 5.74: Selection by attributes from an attribute table

You can also reverse your selection by clicking Switch Selection from the Options dropdown list,

Figure 5.74.

5.6.4 Using Select by Location
The Select By Location dialog box, Figure 5.75, selects features based on their location relative
to other features. For example, you could select all the groundwater wells that are located

within the urban boundary. This type of question is known as a spatial query.

By combining queries, you can perform more complex searches. For example, suppose you want
to find all groundwater wells that are located within or 1 km around the urban areas and have a

, giuuiiuwauc /. y Id first se ect wells located within a 1 km
chloride concentration less than SO mgA You weId s °

radius (select by location), then refine the selection oy s
concentration less than 50 mg/l from the chloride attn
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You can use a variety
layer that are near or

or polygon features in one

layer,

Figure 5.75: Select By Location window

Of selection methods to select the point, li
overlap the features in the same or another

5.6.4.1 Intersect

Intersect is the most generic operator. As its name implies, it will return any feature that
geometrically shares a common part with the source feature (or features). Figures 5.76, 5.77
and 5.78 show how different types of features could be selected based on other features. Note
that the highlighted cyan features are selected because they intersect with the features in red.

(a)Point Feature (b)Line Feature

Figure 5.76: Selecting features that intersect with point features
(c)Polygon Feature
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(c)Polygon Feature

(a)Point Feature (b)Line Feature (c)Polygon Feature

Figure 5.78: Selecting features that intersect with polygon features

5.6.4.2 Are Within a Distance of Option

The Are within a distance of operator creates a buffer (or buffers) with a size equal to the
distance specified around the source feature (or features), then returns all the features
intersecting the buffer (or buffers). Its typical use would be to retrieve wells within a specified
distance from an urban area, roads, shops or businesses, and so on.

Figures 5.79, 5.80 and 5.81 show how different types of features could be selected based on
other features. Note that the highlighted cyan features are selected because they are within the

specific distance of the red features.

(a)Point Feature (D/L,ne
Figure 3.79: Selecting feature. the. .re within a P°“

(MLine Feature « F““«

(a)Point Feature jfi d distance from line features
Figure 3.SO: Selecting feature, that are —,n a .peched
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„gure 5.81; Selecting that are within a specified distance from p.iygon features

S.6.4.3 Completely Contain
For a feature to be considered as completely containing another feature, each point in the
geometry of the source feature must fall inside the geometry of the target feature, excluding its
boundaries. The target feature in this type of selection is limited to a polygon feature.

Figure 5 82 shows how different types of features could be selected based on other polygon
features. Note that the highlighted cyan features are selected because they completely contain

the red features.

(a)Point Feature (c)Polygon Feature

Figure 5.82: Selecting features that are completely contain other polygon features

5.6.4.4 Are Completely Within

For a feature to be considered as being completely within another feature, each point in the
geometry of the target feature must fall within the geometry of the source feature excluding its
boundaries. This is opposite to the Completely Contain operator. The source feature must be a
polygon or you must apply a buffer around point and line features to be able to use this
operator. Figure 5.83 shows how different types of features could be selected based on polygon
features. Note that the highlighted cyan features are selected because they are completely
within the red features.

(b)Line Feature
(c)Polygon Feature

(a)Point Feature

Figure 5.83: Selecting features that are completely within
another polygon feature
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5.6.4.5 Have their Center in

A target feature will be selected by this oopratnr if tkQ .
geometry of the source feature or on its boundaries. FiX^T^Ta^X3''!'0^"6

different types of features could be selected usins thk JL n / d 5’86. Sh°W how

features are selected because their centers are in the red features " 1 hlghlighted Cyan

(a)Point Feature (b)Line Feature (c)Polygon Feature

Figure 5.84: Selecting features that have their centers within a distance of a point feature

(a)Point Feature (b)Line Feature (c)Polygon Feature

Figure 5.85: Selecting features that they have their centers within a distance of a line feature

(a)Point Feature
(b)Line Feature

Figure 5.86: Selecting features
that they have their centers within a

(c)Polygon Feature

distance of a polygon feature

5.6.4.6 Share a Line Segment with
. t apt features will be considered as sharing a line segment if

With this method, the source and target featu The target and source

their geometries have at least tw0 ^°n |ygon or line features.

feature in this type of selection is imi features could be selected using this option.

Figures 5.87 and 5.88 show how because they share a line segment with the

Note that the highlighted cyan fea ur

red features.
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(a)Line Feature (b)Polygon Feature

Figure 5.87: Selecting features that share a line segment with line features

(a)Line Feature (b)Polygon Feature

Figure 5.88: Selecting features that share a line segment with polygon features

5.6.4.7 Touch the Boundary of

The target and source features must be either line or polygon features. A target feature will be
returned by this function if the intersection of its geometry with the geometry of the source

feature is non-empty, but the intersection of their interiors is empty.

Figures 5.89 and 5.90 illustrate how different types of features could be selected using this
option. Note that the highlighted cyan features are selected because they touch the boundary of
the red features.

(a)Line Feature (b)Polygon Feature

Figure 5.89: Selecting features that touch the boundary of line features

(a)LineFeature (b)Polygon Feature

Figure 5.90: Selecting features that touch the boundary of polygon features
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5.6.4.8 Are Identical to

Two features are considered idpntirai if
must be the same, for instance, you can use this operator to c^"*17 tVPeS

comparing a point layer and a p„ly6„„ |ayer for identlty wi|| alway5aQ

Figure 5.91 shows how different types of features could be selected
the highlighted cyan features are selected because they are identical

using this option. Note that
to the red features.

(b)Line Feature (c)Polygon Feature(a)Point Feature

Figure 5.91: Selecting features that are identical to other polygon features

5.6.4.9 Are Crossed by the Outline of

For this operator, the boundaries of the source and target feature must have at least one edge,
vertex, or endpoint in common but must not share a line segment. The source and target

features must be either line or polygon features.

Figures 5.92 and 5.93 show how different types
Note that the highlighted cyan features are

of features could be selected using this option.
selected because they intersect with the red

features.

(a)Line Feature

Figure 5.92: Selecting features that are

(a)Line Feature

Figure 5.93: Selecting features that are

(b)Polygon Feature

crossed by the outline of a line feature

(b)Polygon Feature

crossed by the outline of a polygon feature
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5.6.4.10 Contain
u r- contain method in that the geometry of the source

This method differs from t e omp feature including its boundaries. The target
feature must fall inside the geometry of the target reaiu

feature must be a polygon.
Figures 5 94 5 99 and 9.99 show how different types of features could be selected using this
option* Note that the hlghiighted cyan features are selected because they contain a red feature.

(c)Polygon Feature(a)Point Feature (b)Line Feature

Figure 5.94: Selecting features that contain a point feature

(a)Line Feature (b)Polygon Feature

Figure 5.95: Selecting features that contain a line feature

Figure 5.96: Selecting features that contain a polygon feature

5.6.4.11 Are Contained by

This method differs from the Are completely within method in that the geometry of the target

a?'? 8e°metrV °f the S0Urce feature including its boundaries. Figures
Note that tl h hl °W?0W dlfferent types of features c°uld be selected using this option.
features g g cVan features are selected because they are contained by a red
I cd LUI CS.
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o

o *
Fl^^^^lto.recontai°byapointfellure

(a)Point Feature (b)Line Feature

Figure 5.98: Selecting features that are contained by a line feature

(a)Point Feature (b)Line Feature (c)Polygon Feature

Figure 5.99: Selecting features that are contained by a polygon feature

5.6.4.12 Practicing Selection by Location

1. Open a new ArcMap document. Load the Buildings, Roads, Cisterns, Sewage and
Landuse shapefiles from "C:\GIS_Tutorial\Chapter5\Examplell .

2. Use the appropriate sybmology for the map (e.g. Figure 5.100)

WP«.I Information S,.<=ms for UnrW.rluaf. Smdenfa -
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Figure 5.100: General map used for practicing Selection By Location

In the villages of the West Bank, most of the Palestinians use both rainwater harvesting cisterns
which are mainly used for domestic purposes and sewage cesspits used to dispose wastewater
from their households. In this example, all cisterns that are close to the cesspits will be
identified. The water in these selected cisterns could be contaminated as a result of the leaching

wastewater which could ultimately affect the health of the residents consuming this source.

3. Click Selection, choose Select By Location.

4. Click the dropdown arrow and choose on the Select features from item.

5. Check the features of the Cistern layer which you would like to select.

6. Click the dropdown arrow and choose the desired selection method (Are within a
distance of).

7. Click the dropdown arrow, and then choose the Sewage layer from which you want to
select features from.

8. Check Apply a buffer to the features in Sewage and set the distance within which to
search for features (15 meters).

9. Click OK to execute the query and close the dialog box, Figure 5.101.
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Figure 5.101: Selection of features from the Cisterns shapefile based on the Sewage shapefile

ArcMap will select all the features that match the criteria mentioned above, Figure 5.102.
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10. Open the Cisterns attribute table.
z- M it "Polluted" Use the Calculate Field tool to fill in the

“■ X selected cisterns in this field with -Yes". This means that all these

selected cisterns have the potential for pollution. Fill in the .aloes of the other Cisterns

with "No", Figure 5.103.

Figure 5.103: Filling in the Polluted field based on the selection results

Now, you are going to find new areas that are suitable for building new schools, the selection
criteria include:

a. Land use types should either be unused, agricultural or commercial lands.

b. The area should be equal to or more than 5000 m2.

c. No buildings are on the land use parcels.

d. Parcels should be within a 25 m distance from the nearest road.

12. Remove the cisterns and cesspits from the map.

13. Click Selection and then Select By Attributes.

14. Check the Landuse layer whose features you would like to select from.

15. Click the selection method from the dropdown list, choose Create new selection.

16. Type in the SQL statement as shown in Figure 5.104

17. Click OK to execute the query and close the dialog box.
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Save... J

Get Unique Values | Go To: [

SELECT * FROM Landuse WHERE:

Clear | Verify |

[ OK | reply | Qose i

Help | Load.. j

' ~ rSncultural Areas OR ' TYPE' = Commercial Lands' OR
'TYPE" = Un-Used) AMD "AREA" >.5000

I^Landuse ~----------------------

r Only show selectable layers in ths 1st

Method. |create a new selection

■"OWNER"

"TYPE"
"SALE"
"NO OF APPA"
".AREA""
"IMAGE”

Select By Attributes

Figure 5.104: Select By attributes from the Landuse shapefile

18. ArcMap will select all features that answer the SQL statement, Figure 5.105.

19. Click Selection and then choose Select By Location.
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20. Click the selection method dropdown arrow and select Remove from currently selected

features in.
21. Check the Landuse layer whose features you would like to select from.

22. Select Intersect from the dropdown list.

23. Click the dropdown arrow and choose the Buildings layer to remove all areas that

overlap with buildings.

24. Click OK to execute the query and close the dialog box, Figure 5.106.

Figure 5.106: Remove selected features from the Landuse shapefile based on the locations of the

buildings

25. ArcMap will remove all the areas that contain buildings, Figure 5.107
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Figure 5.107: Results of selection

26. Click Selection and then click Select By Location.

27. Click the selection method dropdown arrow and choose Select from the currently

selected features in.

28. Check the Landuse layer whose features you would like to select from.

29. Select are within a distance of from the selection criteria dropdown arrow.

30. Click the dropdown arrow and select the Roads layer to remove all areas far from the

roads.
31. Check Apply a buffer to the features in Roads and set the distance within which to

search for features (25 meters).

32. Click OK to execute the query and close the dialog box, Figure 5.108.
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3]

Select By Location

OK | Apply

uets you select features from one or more layers based on where they are
located m relation to the features in another layer.

I want to: --------- --------------- --------------

P Apply a buffer to the features tn Roads
ofr | 25.000000 [Meters

[pdect from the currently sdectedfeabxsjr^

Figure 5.108: Select features from the currently selected features using Select By Location

33. Finally, ArcMap will select all the areas that are suitable for building new schools based
on the above mentioned criteria, Figure 5.109.
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5.6.5 Selection By Graphics

The Select By Graphics command allows
intersect a selected graphic element. This

containing text or curves.

you to select features (from all selectable layers) that
can be used with most graphic elements except those

1. Open a new ArcMap document. Load the Buildings, Roads, Cisterns, Sewage and
Landuse shapefiles from "C:\GIS_Tutorial\Chapter5\Examplel2".

2. Use appropriate symbology for the map.

3. Click the Selection menu, then click Set Selectable Layers. Uncheck the Roads and

Landuse layers. Make sure that the Buildings layer is also checked.

4. To create a new graphic, click the New Graphics tool dropdown arrow on the Draw
toolbar, Figure 5.110, choose a tool, such as the New Polygon tool, and draw a new
graphic in the view around the center of the study area. Optionally, click the Fill Color
dropdown arrow and choose No Color. When the features are selected, you can see the
selected features under the graphic.

Figure 5.110: Creating graphics

5 Click the Select the graphic element to select.

Figure 5.111.

t-nn Systems for Undergraduate Students
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Figure 5.111: Selection By Graphics

5.7 Viewing Statistics of a Table

When exploring a table, you can get statistics describing the values in numeric columns such as
the number of entries in each column, and the sum, minimum, mean, maximum, and standard
deviation of these entries. A histogram is also provided showing how the column's values are
distributed. Statistics are calculated for all numeric columns in the table.

1. Open a new ArcMap document. Add the West_Bank_Districts and Communities
shapefiles from "C:\GIS_Tutorial\Chapter5\Examplel3".

2. Open the attribute table of the West Bank Districts shapefile. In the attribute table the
name, population and other attributes are recorded for each community in the West
Bank. To determine the sum, minimum, mean, maximum, and standard deviation of the
communities in the West Bank Governorates, right-click the heading of a population
field and click Statistics, Figure 5.112.
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3. In the Statistics dialog box, you will see a statistical summary of the values in the

Population field, Figure 5.113.

Count: 450
Minimum: 52
Maximum: 11S4D1
Sum: 1235754
Mean- 2875.453333
Standard Deviation: 8211.733173

 

llinities_____________________ _ 0®
Field

Statistics:

Figure 5.113: Statistics of the Population field

From Figure 5.113, you can conclude the following information about the population

distribution in the West Bank Governorates:

a. Number of communities: 450 communities

b. The smallest community has 52 inhabitants
  Geographical Information Systems for Undergraduate Students
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c. The largest community has 119,401 inhabitants

d. The mean population is 2879 inhabitants

e. The sum is 1295754 inhabitants

f. The standard deviation is 8211.7 inhabitants

4. If you want to see statistics for another numeric field (e.g. Family size), click the Field

dropdown arrow and choose the Fam_Size field, Figure 5.114.

Figure 5.114: Statistics of the Fam_size field

5. Press the Close button when finished exploring the statistics.

5.8 Summarizing Data in a Table

Sometimes the attribute information you have about map features is not organized the way you
want; for instance, you have population data by community when you want it by Governorate.
By summarizing the data in a table, you can derive various summary statistics including the
count, average, minimum, and maximum value. ArcMap creates a new table containing the
summary statistics. You can then join this table to the attribute table of a layer so you can
symbolize, label, or query the layer's features based on the values of the summary statistics.

1. Open a new ArcMap document. Add the West_Bank_Districts and Communities
shapefiles from C:\GIS_Tutorial\Chapter5\Examplel4.

2. Open the attribute table of the West Bank Communities.

3. Right-click the District field heading and then click Summarize, Figure 5.115.
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Figure 5.115: Summarizing the communities attribute table

4. Check the box next to the Population field to get the summary statistics you want to
include in the output table.

5. Type the name and location of the output table you want to create or click the Browse
button and navigate to a folder, Figure 5.115, (e.g.
C:\GIS_Tutorial\Chapter5\Examplel4\West Bank-Population.dbf)

6. Click OK.

7. Click Yes when prompted to add the new table to your map.

Figure 5.116: Summarize window
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Record: !<]<] | F > | »i| Show: [aT Selected | Records (0 out of 11 Se’ected) OP**005 v

8. Open the West_Bank_Population.dbf table to view the summarization results, Figure

5.117.

Figure 5.117: Results of summarizing the Population field based on Governorates

5.9 Working with Spatial Bookmarks

A spatial bookmark identifies a particular geographic location that you want to save and
reference later. For example, you might create a spatial bookmark that identifies a study area.
As you pan and zoom around your map, you can easily return to the study area by accessing the
bookmark. You can also use spatial bookmarks to highlight areas on your map you want others
to see.

You can create a spatial bookmark at any time. As a shortcut, you can create bookmarks when
you find and identify map features. Spatial bookmarks, however, can only be defined on spatial
data; they cannot be defined on an area of the page in the layout view.

Each data frame on your map maintains its own list of bookmarks. In the Layout View, the list
reflects the bookmarks of the active data frame.

1. Open the West Bank.mxd document from "C:\GIS_Tutorial\Chapter5\Examplel5".

2. Pan and zoom the map to the area where you want to create a bookmark (e.g. zoom to
Ramallah Governorate).

3. Click the View menu, point to Bookmarks, and choose Create, Figure 5.118.
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Farm#

J Source | Selection |

4.

Figure 5.119: Spatial Bookmark window

5.

6.

7.

^Map-Arcinfo

Spatial Bookmark

H 0 eu

8 0

Toolbars

Status Bar

Qverflov,- Annotation

Scrotbirs

Type a name for the bookmark, (e.g. "Ramallah Governorate"), Figure 5.119 then click
OK.
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Create a new bookmark for Tulkarem Governorate.

Click Zoom to Full Extend from the Tools toolbar to view the entire map.

To use the defined spatial bookmarks, you can find them in the View menu and point to

the name of the bookmark you want, Figure 5.120.
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Figure 5.118: Creating spatial bookmarks
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Figure 5.120: Opening the Tulkarem Governorate bookmark

8. You can also create a spatial bookmark from the Identify window, Click the Identify
button on the Tools toolbar. Click the mouse pointer over the map feature to identify
(e.g. Nablus Governorate).

9. Right-click the identified feature in the Identify window and click Create Bookmark,
Figure 5.121.

Figure 5.121: Creating spatial bookmarks using the Identify tool
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Ramallah Govemorae

Figure 5.122: Removing a spatial bookmark from the bookmarks list

Spatial Bookmarks

niJiLBfll GovemofBie

10. To remove a spatial bookmark dirk tk
Manage, Figure 5.120. ' e Vlew menu, point to Bookmarks,

11. Select the bookmark you want to remove and click R
--------- nd cllck Remove, Figure 5.122.

d
Oose I

I Zoom To J

Remove |

> Remove AH |

and click

5.1 measuring Distances and Areas

e Measure tool, Figure 5.123, lets you draw on the map to measure the length of lines and
areas. You can use this tool in several ways. For example, you can draw a line or polygon on the
map and get its length or area, or you can even click directly on a feature and get measurements
information.

Figure 5.123: Measuring tool

When you click the Measure tool, the Measure window appears. This dialog box allows you to
set different measuring options, including whether to measure lines, areas, or features; use
snapping; and set the reporting units. Measurements are displayed inside the window, so it is

easy to copy and paste them into other applications, Figure 5.124.

Figure 5.124: Measure toolbar

• g distance and features. By default, the
The Measure window contains tools for ™*s”r;*ere„, optlo„ from the Measure window is

________________
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Figure 5.125: Measure tools in the measure window

a. Measure a Line: used to measure the length by digitizing a line.

b. Measure an Area: used to measure the area by digitizing a polygon.

c. Measure Feature: used for features to measure length (line), perimeter, and
area (polygon) or (x, y) location (point features).

d. Snap to Features: used to snap while measuring length or area.

e. Show Totals: used to keep a sum of consecutive measurements.

f. Choose Unit: used to set the distance and area measurement units. The
measurement units are those of the map by default.

g. Clear Results: used to clear the previous measurements.
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5.11 Discussion

1. Use the image Wells.jpg stored in "C:\GIS_Tutorial\Chapter5\Exercisel" shown in Figure

5.126 and Table 5.1 below to create a wells shapefile as follows:

a. Use ArcCatalog to create a point shapefile named "Well.shp".

b. Create all necessary fields for the Wells shapefile.

c. Open ArcMap, and then add both the Wells shapefile and Wells image.

d. Georeference the image based on the coordinates shown on it.

e. Set ArcMAP to start the editing mode.

f. Digitize all wells shown in the image and enter all related data from Table 5.1

g. Summarize the Wells attribute table based on the West Bank Governorates.

Find the total abstraction from each Governorate.

h. Create a simple graph illustrating Abstraction versus Governorate

Geographical
information Systems for

Undergraduate Students
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Figure 5.126: Domestic wells in the West Bank
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Table 5.1: List of domestic wells
in the West Bank
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2. Open

a.

b.

the West Bank.mxd map and do the following:

find all communities that have an elevation more that SOO m above sea level

From the selection results above find.

i. The number of communities

ii. Total inhabitants living in these communities

iii smallest and largest commuities within the selection

M all commuities located .«atlm dis,ante fmm.hem, in roads, save

them l„ a new shop* Ramallah ciI, fcn

Xe'XSX^com......... ......
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Introduction to Geoprocessing

6.1 Geoprocessing in ArcGIS

6.1.1 Introduction

Geoprocessing is a fundamental part of ArcGIS. In Chapter One, you learned that GIS has three
views: Geodatabase, Geovisulization and Geoprocessing. Geoprocessing provides the data
analysis, data management, and data conversion tools necessary for all GIS users.

Geoprocessing consists of operators, called tools, that operate on the data within ArcGIS (tables,
feature classes, rasters, TINs, and so on), and perform tasks that are necessary for manipulating
and analyzing geographic information across a wide range of disciplines. Each geoprocessing
tool performs an essential operation on geographic data, such as projecting datasets from one
map projection to another, adding fields to a table, or creating buffer zones around features.
ArcGIS includes over 400 geoprocessing tools. A geoprocessing tool uses ArcGIS datasets as
input (such as feature classes, tables, rasters, and CAD files), operates on this data, and creates a
newly derived dataset as output.

6.1.2 ArcTooIbox

ArcToolbox is a persistent entity that contains geoprocessing tools, Figure 6.1. The Figure shows
a collection of system toolboxes that are installed with ArcGIS. Toolboxes are composed of tools,
grouped by functionality. For example, the Analysis Toolbox contains tools to perform overlay
and proximity analyses.

Figure 6.1: ArcToolbox interface
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Figure 6.2: Main types of Geoprocessing tools

is a tool that you author to automate your work flow, and keep track of your
geoprocessing tasks. A model consists of one process or, more commonly, multiple processes
strung together. A process consists of a tool, and its parameter values. The most important thing
to note here is that models are just tools. They behave exactly like all other tools. A model

runs your GIS workflow to generate a new output, Figure 6.3.
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Figure 6.3: Sample of a Model tool

A Script: can be a tool that you author using a scripting language such as Python. Scripts are
analogous to models, in that they can be used to automate a geoprocessing workflow. All
geoprocessing tools can be accessed and executed inside a script, Figure 6.4.

Figure 6.4: Sample of a Script tool
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Figure 6.5: Opening the ArcTooIbox window

6.1.5 Finding Tools with the Index and Search Tabs

Geographical information Systems for Undergraduate Students -

6.1.5.1 Using the Index Tab
If you know the name of the tool you want, but just can t remember what toolbox or toolset it s
in, use the Index tab. You can type the first few letters of the tool name and the list will scroll to
that tool or you can scroll to the tool manually. Once you have chosen the tool in the list, you
can double-click by opening its dialog. Clicking the Locate button will switch back to the

Favorites tab with the tree-view expanded to your tool.
. . i fniinwpd bv the name of the toolbox they belong to.When in the Index window, tool names are foliowea oy me nd. y &

1 nrn aiiniA/pd as in the case of Clip in the illustration below,
This is because duplicate tool names are allo > .1 iib uecdube uupi u Dud cate too names are not allowed inso there needs to be a way to determine the exact tool. Uupuca
the same toolbox, only among different toolboxes, Figure 6.6.
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Type in the first few
letters of the tool name

After finding the tool,
you can double click to
open the tool's dialoge

After finding the tool, you
can click "Locate" to show
where it is in the tree
view

Figure 6.6: Finding tools using the Index tab

6.1.5.2 Using the Search Tab

The Search tab behaves a lot like the Index tab except that the search is not only by tool name,
but also by its description and list of keywords, Figure 6.7.

Type in the word you
want to search on.—

Click "Search" button or press
"Enter" to start the search

After finding the tool, you
can click "Locate" to show
where it is in the tree viev

Figure 6.7: Finding tools using the Search tab
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6.2 Practicing Geoprocessing

6.2.1 Analysis Toolbox
The Analysis toolbox provides a powerful set of tn i t
operations of all types of vector data. With the took „ ■ ° P*rf°rm Various ge°Proc«sing
create buffers, calculate statistics oerform nrn ■ > ?'S toolbox- Y°u can perform overlays,

to solve a spatial or statistical problem, you should

Analysis3’toolboxPowerful functi°" °f the

Analysis toolbox has four toolsets. Each toolset performs specific GIS analysi^oVvectordaTa The

following points list the toolsets available in the Analysis toolbox:

1. Extract. Contains tools to extract features and attributes from a feature class or
a table based on attribute queries or spatial extraction and stores them in a new
shapefile or geodatabase feature class. These tools include Clip, Select, Split,
and Table Select.

2. Overlay: Contains tools to overlay multiple feature classes to combine, erase, or
update spatial features into a new feature class. There are several types of
overlay operations, such as Identity, Intersect, Union, and Update.

3. Proximity: Contains tools to determine the proximity of spatial features within a
feature class or between two feature classes. These tools include Buffer, Near,

and Point Distance.
4. Statistics: Contains tools to perform standard statistical analysis on attribute

data. They perform mean, minimum, maximum, and standard deviation analysis
on attribute data and save the results in a new table. These tools include

Frequency and Summary Statistics

6.2.1.1 Extract Tools

■ systems for Undergraduate Students
- Geographical Information Sys

6.2.1.1.1 Clip Tool
t m rut out a piece of one feature class using one or more of

The Clip tool is used when you want P tter.. This is particularly useful for creating a

the features in another feature class as a coo features jn |arger feature
new feature class that contains a geographic subset

class. hv nf Ramallah Governorate. You would like

Ramallah polygon as the cookie cutter to

Ramallah Governorate. , are defined as follows:
TheClipt=o,toiS^n1nH8ure6.3..«par3—
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Input Features: are the features to be clipped which may be a be point, line, or polygon

(e.g. West Bank topography)
Clip Features: are the features used to clip the input features, which should be polygon

features (e.g. boundary of Ramallah Governorate).
Output feature class: is the feature class to be created (e.g. Ramallah Governorate

topography).
XY Tolerance: The minimum distance separating all features coordinates. You can set
the value to be higher for data that has less coordinate accuracy and lower for datasets

with extremely high accuracy.

Figure 6.8: Clip dialog box

1. Open the Clip.mxd map from "C:\GIS_Tutorial\Chapter6\Examplel"
2. Expand the Analysis tool from the ArcToolbox window.
3. Expand the Extract tools, and then double-click on the Clip tool to open the Clip

window.
4. Fill in the Clip window as shown in Figure 6.9.
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Figure 6.9: Clipping the topography of Ramallah Governorate

5. Click OK to execute the Clip tool, the result is shown in Figure 6.10.

File Edit Ve.v Insert Selection Tooi Wndo'.v Help

- EBE

■3 -f ®  VD & a & ® X | -a ' I

Figure 6.10: Result °> “ aiP “°l
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6.2.1.1.2 Select Tool

Extracts features from an input feature class and stores them in a new output feature class. The
output feature class may be created with a subset of features based on a Structured Query

Language (SQL) expression (see Section 5.6 in Chapter 5).

1. Open Select.mxd map from "C:\GIS_Tutorial\Chapter6\Example2"
2. Expand the Analysis tool from the ArcToolBox window.
3. Expand the Extract tools, and then double-click on the Select tool to open the Select

window.
4. Fill in the Select window as shown in Figure 6.11. Note that you may open the Query

Builder window to write the SQL statement.

Figure 6.11: Select tool window

5. Click OK to execute the Selection criteria, the result is shown in Figure 6.12
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Figure 6.12: Result of using the Selection tool

6.2.1.2 Overlay Tools

6.2.1.2.1 Erase Tool

The Erase tool is used to create a feature class by overlaying the Input Features with the
polygons of the Erase Features. Only those portions of the Input Features falling outside the

Erase Features outer boundaries are copied to the Output Feature Class.

For example, suppose you are going to create a new land use shapefile excluding the urban
areas in Qalqiliya Governorate. In your database, you have the Landuse and Urban_areas
shapefile for Qalqiliya Governorate, Figure 6.13. You can use the Erase tool to do this task.
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(a) Input Features (b) Erase Features

Figure 6.13: Erase parameters

1. Open the Erase.mxd map from "C:\GID_Tutorial\Chapter6\Example3"
2. Expand the Analysis tool from the ArcToolBox window.
3. Expand the Overlay tools, and then double-click on the Erase tool to open the

Identify window.
4. Fill in the Erase window as shown in Figure 6.14.

Figure 6.14: Erase tool window

5. Click OK to execute the Erase tool, the result is shown in Figure 6.14
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Figure 6.14: Result of using the Erase tool

6.2.1.2.2 Identify Tool

The Identify tool is used to compute a geometric intersection of the Input Features and Identity
Features. The Input Features or portions thereof that overlap the Identity Features will take the

attributes of those Identity Features.

For example, suppose you have a topographic layer for the West Bank. In the attribute table of
this layer, the average elevation of each polygon feature is recorded. If you want to find the
maximum, minimum and average elevations for each West Bank Goveranorate, then you have
to identify (divide) the topograpy layer based on the West Bank Governorates, then summnze

the attibute table of the output layer.
1 Open the identify.mxd map from "C:\GIS_Tutorial\Chapter6\Example4"
2. Check the attribute tables of both the West Bank Governorates and Topography

shapefiles, Figure 6.15.
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Figure 6.15: Attribute tables of input and identify features
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3. Expand the Analysis tool from the ArcToolBox window.
4. Expand the Overlay tools, and then double-click on the Identify tool to open the

Identify window.
5. Fill in the Identify window as shown in Figure 6.16. Note that you want to create a

new topographic shapefile with the Governorates' name assigned to each feature.

Figure 6.16: Identify tool window
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based on West Bank Governorates, Figure e.!?^ ™re P°'yg°nS

(a) Topography (input) (b) Topography (output)

Figure 6.17: Input and output topography shapefiles

7. Open the attribute table of the WB_Topography_ldentified shapefile. You will find
that a new field is added to the attribute table listing the name of the Governorate

for each attribute, Figure 6.18.
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8. Summarize the table produced in step 7 based on Governorate name to find the
minimum, maximum and average elevations (see Section 5.8 in Chapter 5). Figure

6.19.

Figure 6.19: Summarization of the topography attribute table

6.2.1.2.3 Update Tool

The Update tool is used to compute a geometric intersection of the Input Features and Update
Features. The attributes and geometry of the Input Features are updated by the Update
Features. The results are written to the Output Feature Class.

For example, suppose you have an old land use shapefile for Qalqiliya Governorate, and you
want to update it with new changes in land use, Figure 6.19. The Update tool can be used to
create a new updated land use shapefile.

1. Open Update.mxd map from "C:\GIS_Tutorial\Chapter6\Example5"
2. Expand the Analysis tool from the ArcToolBox window.
3. Expand the Overlay tools, and then double-click on the Update tool to open the

Update window.
4. Fill in the Update window as shown in Figure 6.20.

Figure 6.20: Update tool window
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Click OK to execute the Update
shapefiles. tool, Figure 6.21 shows

both the old and the updated land use

(a) Old land use shapefile (input)
(b) Updated land use shapefile (output)

Figure 6.21: Input and output land use shapefiles

. 1.3 Proximity Tools

6.2.1.3.1 Buffer Tool

1.

4.

1.
2.
3.

The Buffer tool is used to create a new feature class of buffer polygons around specified input
features. Features can be polygons, lines, or points. The width of the buffer can be specified in
one of two ways:

Fixed distance: Specify a constant distance to apply to the input features.

From a field: Choose the name of a numeric distance field from the specified
feature class. Each feature will be buffered according to its associated value in the

chosen field.

Open the Buffer.mxd map from "C:\GIS_Tutorial\Chapter6\Example6"
Expand the Analysis tool from the ArcToolBox window.
Expand the Proximity tools, and then double-click on the Buffer tool to open the

Buffer window.Open the attribute table of the Roads shapefile to understand its contents, Figure
6.22. You will find that the width in meters of each road is recorded as well as the

road type.
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Figure 6.22: Attribute table of the roads shapefile

5. In this example you are going to create a new roads shapefile (Polygon) with a fixed
width (e.g. 60 meter). To do this, fill in the Buffer window as shown in Figure 6.23.

Figure 6.23: Buffer tool window (using fixed width)

In the Buffer window, you will have the following options:

a) Side Type: used to generate buffers at the topological left or right of a line.
a. Full: a buffer will be generated on both sides of the line. In this example, using

30 meters as a fixed road width means that the actual road width will be 60
meters.

b. Left: the topological left of the line will be buffered
c. Right: the topological right of the line will be buffered.

b) End Type: used for line features to define the end points of the buffered line.
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a. Round end: the end line will be in the shape of a half circle.
b. Flat end: the end line will be in the shape of a rectangle.

c) Dissolve Type: specifies whether a dissolve will be performed to remove buffer feature
overlap:

a. None: means that the individual buffer for each feature is maintained,
regardless of the overlap.

b. All: this option will dissolve all the buffers together into a single feature and

remove any overlap.
c. List: this will dissolve buffers by a given list of fields.

6. Click OK to execute the Buffer tool, Figure 6.24 shows a sample of both the original
roads shapefile (lines) and the buffered roads as polygon features.

If you want to buffer roads based on the Width field in the attribute table of the Roads
shapefile, then you have to make sure that the field represents half of the roads' widths.
Otherwise a new field must be introduced to contain the calculated result of half of the total

width.

7.
Open the Buffer window,

and then fill it in as shown in Figure 6.25.
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Figure 6.25: Buffer tool window (using based field width)

8. Click OK to execute the buffer tool, Figure 6.26 shows a sample of both the original
roads shapefile (lines) and the buffered roads as polygon features.

9. Compare the two results shown in Figures 6.24 and 6.26
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6.2.2 Data Management Tools

The Data Management toolbox provides a rich and diverse collection of tools that are used to

XI th TT' tan ™!ntain featUre C,asses' datasets, layers, and raster data structures.
While the Analysis toolbox is used to solve spatial or statistical questions, the Data Management
toolbox lets you perform tasks from managing basic structures, such as fields and workspaces,
to more complex tasks related to topology and versioning (e.g. convert a shapefile to a CAD file).

6.2.2.1 Multipart to Singlepart Tool

The Multipart to Singlepart tool is used to separate (explode) multipart features into separate
singlepart features. For example, suppose you have a shapefile that contains all urban areas in
Qalqiliya Governorate as one feature, Figure 6.27, if you want to create a new shapefile that
contains all urban areas as separate polygons in order to calculate the areas of each polygon:

Figure 6.27: Urban areas as one polygon
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6. Click OK to explode the Urban_Areas shapefile.
7. Open the attribute table of the new shapefile.
8. Add a new field named Area_Donum, and then calculate the area of all the

polygons, Figure 6.29.

Figure 6.29: Explode the urban areas shapefile

6.2.2.2 Merge Tool

The Merge tool combines input features from multiple input sources (of the same data type)
into a single, new, output feature class. The input data sources may be point, line, or polygon
feature classes or tables. For example, suppose you have three land use shapefiles for Qalqiliya
Governorate. Each shapefile covers part of the Governorate. If you want to combine the three
shapefiles into one land use shapefile then you could use the Merge tool.

1. Open the Merge.mxd map from X:\GISJutorial\Chapter6\Example8" Expand the
Data Management tools from the ArcToolBox window.

2. Expand the General tools, and then double-click on the Merge tool to open the
Merge window.

3. Drag the three land use shapefiles into the Input Datasets window. Also, fill in the
tool window as shown in Figure 6.30.

Figure 6.30: Merge tool window
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4. Chck OK to merge the land use shapefiles. Figures 6.31 & 6.32.

Meree.mxd-ArcMap-Ardnfn

Figure 6.31: Un-merged land use shapefiles (three shapefiles)

Figu,e 632: Merged l.»d us.
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6.2.2.3 Dissolve Tool

The Dissolve tool is used to aggregate features based on a specified attribute or attributes. For
example, suppose you have a land use shapefile for Qalqiliya Governorate containing different
land use types and you want to generate a new feature class showing two types of land use; the
first type includes all irrigated areas while the second type presents all non-irrigated areas (e.g.
forests, urban, shrub lands, etc). You can use the Dissolve tool located within the Generalization

tools as shown in the following example.

1. Open the Dissolve.mxd map from "C:\GIS_Tutorial\Chapter6\Example9".

2. Open the attribute table of the Land use shapefile.
3. Add a new text field named "Type".
4. Use the Select By Attribute tool to select all Field crops and Orchards records.
5. Right-click on the Type field, use the Field Calculator tool to fill in all selected

records with "Irrigated Lands".
6. Use the Switch selection tool (from Options) to reverse the section above.
7. Repeat step 5, fill in all selected records with "Not Irrigated Lands", Figure 6.33.

Figure 6.33: Attribute table of Land use shapefile

8. Expand the Data Management tools from the ArcToolBox window.
9. Expand the Generalization tools, and then double-click on the Dissolve tool to open

the Dissolve window.
10. Fill in the tool window as shown in Figure 6.34.
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Figure 6.34: Dissolve tool window

11. Click OK to dissolve the land use shapefiles.
12. Classify the Landuse_General and the Landuse shapefile based on the Type field

and then compare between the two shapefiles, Figure 6.35.

a) Un-dissolveo ianu

figure 6.35: Dissolving the Landuse shapehle
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6.3 Discussion

1. What does Geoprocessing mean?
2. Locate the following tools and study the function of each:

a. Intersect
b. Near
c. Point Distance
d. Export to Cad
e. Polygon to raster
f. Polygon to line
g. Append
h. Smooth line

3. What is the main difference between a Model Tool and a Tool?
4. Use the ArcGIS Help option to learn using the Batch Grid Control.
5. Check the coordinate systems of all shapefiles in the Example Folders, define the

suitable grid system using the Batch tool.
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