What’s special about GIS?

Geographic Information Systems (GIS) have emerged as a key technology to manipulate and analyze geographic data. Though there are many roots of GIS (and they are often intertwined).

The term GIS was first coined in the early 1960s by Roger Tomlinson during his work with the Canada Land Inventory (CLI). At that time, a system was needed to analyze the data collected by the CLI to support the development of land management plans for rural areas of Canada. In the United States, the Bureau of the Census developed the DIME-GBF data structure and street database in preparation for the 1970 census (in 1967), and the TIGER topological data structure in 1988. Howard Fisher established the Laboratory for Computer Graphics and Spatial Analysis at Harvard University in 1964, and work accomplished in the 1970s and early 1980s had a major influence on the development of GIS. A number of software packages were developed there: SYMAP, CALFORM, SYMVU, GRID, POLYVRT, and ODYSSEY. Jack Dangermond, a Harvard Lab graduate, founded Environmental Systems Research Institute (ESRI) in 1969. Many of the ideas used to develop ARC/INFO, first released in the early 1980s, originated from ODYSSEY.1

Introduction
GIS are commonly defined as an information system that manages, manipulates, and analyzes spatial data. 

historically in the natural resource management area, but increasingly for business, health, marketing, and other fields. A key characteristic of GIS is the linkage between geographic features represented on a map with attribute data that describe the geographic feature. GIS are typically distinguished from other systems that manipulate spatial data, such as Computer-aided Design (CAD), by their ability to perform complex spatial operations and analyses.

The interconnected grouping of data, algorithms, display, management, and people, GIS can be seen as a coordinated system. This system includes the combination of software, hardware, and geographic data. Visualization and analysis of geographic data is the key to transforming geographic data into powerful, useful information.

Generally, there are four groups of functions that GIS software and hardware provide:

input, management, analysis, and output. Geographic data are input into a GIS through a variety of mechanisms. A common form of data collection is through digitizing or scanning existing paper maps. For example, the US Geological Survey creates Digital Line Graphs by digitizing its topographic series to create political boundaries, roads, contour lines, etc., while Digital Raster Graphics are created by scanning topographic maps to create geo-referenced images that can serve as a reference or base for other geographic data. data are collected by Global Positioning Systems (GPS) to create high-quality data about features such as parcel boundaries, roads, wildlife movement, fire boundaries, etc. Data are also collected through remote sensing methods that include satellite imagery (e.g., Landsat or SPOT) and aerial photography.

Once these geographic data are input into a GIS, they require management. There can be massive volumes of data that would quickly overwhelm users without tools to handle large geographic data sets. Data need to be stored in such a manner that they can be easily maintained and retrieved.

Analysis: the creation of information from data. Geographic information is created by a user’s queries of an individual data set, through overlaying  number of different layers of geographic data, and through complex modeling and simulation. The most common way to visualize the results of queries and analyses is through map.
Output. A map can be output via a printer or large-format plotter, included in an electronic report (e.g., in PDF format), or exported as an interactive map (e.g., through dynamic HTML). Graphs and summary statistics are often created and output in a report.

Like the field of geography, the term Geographic Information System (GIS) is hard to define
Definition-1

It represents the integration of many subject areas. No absolutely agreed upon definition of a GIS (deMers, 1997).
Definition-2

A broadly accepted definition of GIS is the one provided by the National Centre of Geographic Information and Analysis:

A GIS is a system of hardware, software and procedures to facilitate the management, manipulation, analysis, modeling, representation and display of georeferenced data to solve complex problems regarding planning and management of resources 
(NCGIA, 1990)

Definition-3

            Geographic Information System (GIS) is a computer based information system used to digitally represent and analyze the geographic features present on the Earth' surface and the events that taking place on it. The meaning to represent digitally is to convert analog (smooth line) into a digital form.
"Every object present on the Earth can be geo-referenced", is the fundamental key of associating any database to GIS. Here, term 'database' is a collection of information about things and their relationship to each other and 'geo-referencing' refers to the location of a layer or coverage in space defined by the co-ordinate referencing system. 

Definition-4

      A geographic information system (GIS) is a computer-based tool for mapping and analyzing things that exist and events that happen on Earth 

Definition-5

      Burrough in 1986 defined GIS as, "Set of tools for collecting, storing, retrieving at will, transforming and displaying spatial data from the real world for a particular set of purposes" 

Definition -6

     Arnoff in 1989 defines GIS as, "a computer based system that provides four sets of capabilities to handle geo-referenced data :  data input ,data management (data storage and retrieval) ,manipulation and analysis , data output. " 

Definition-7

A system of hardware and software, that links mapped objects to attribute information that describes them and provides tools to store retrieve and manipulate both types of data.
Definition-8

  A spatial decision support system for archiving, displaying,  processing and publishing geographical information.

Definition-9
GIS is a system of hardware and software that supports: capture , management ,manipulation, analysis, and display of geographic Information.
Definition-10
A system of hardware, software and procedures designed to support the capture , management, manipulation, analysis, modeling and display of spacially-referenced data for solving complex planning and management problems(Cowen, 1989)
Definition-11
• A system for managing geographic data.

– Information about the shapes of objects.

– Information about attributes of those objects.

– Spatial variation of measurements across space without reference to specific boundaries – continuous fields of measurements.

• A system for analyzing and modeling spatial relationships.

– Spatial statistics

– Aggregation and reclassification of observation data

– Statistical or process model development and implementation

• A system for presenting geographic information graphically and in summary

– Maps

– Tables

– Graphs

– 2D and 3D animations
GIS components
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                           Diagram of GIS components

GIS is composed of:

– Software applications (desktop, internet, mobile clients, etc).

– Hardware (tablet PC, desktops, servers, etc).

– Procedures (scripts, programs, analysis methods, etc).

– Data sets (census, terrain, remote sensing, etc).

– Networking (LAN, Wireless, Internet, Intranet, etc),

What can a GIS do?

1- A Map with a Database(s)

 2- Cartographic features represented as Points, Lines or 
Polygons with Attributes 
 describing these features 

 3- Ability to store and retrieve data

 4- Ability to display particular attribute characteristics spatially.
 5- Ability to identify locations by querying attributes data.
 6- Ability to identify spatial patterns of attribute occurrence.
 7- Ability to describe features by spatial query.
 8-Ability to analyze spatial data, and relationships among features

 9- Ability to generate “new” data through system operations.
 10-Ability to automate procedures
What can you do with GIS?
1- Map where things are 

Mapping where things are lets you find places that have the features you're looking 
 for, and to see where to take action.

a- Find a feature: People use maps to see where or what an individual feature is. 

b- Finding patterns: Looking at the distribution of features on the map instead of just an individual feature, you can see patterns emerge. 

2- Map Quantities

People map quantities, like where the most and least are, to find places that meet their criteria and take action, or to see the relationships between places. This gives an additional level of information beyond simply mapping the locations of features.

This map shows the number of children under 18 
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public health officials might not only want to map physicians, but also map the numbers of physicians per 1,000 people in each census tract to see which areas are adequately served, and which are not.
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3- Map Densities

Mapping density is especially useful when mapping areas, such as census tracts or counties, which vary greatly in size. On maps showing the number of people per census tract, the larger tracts might have more people than smaller ones. But some smaller tracts might have more people per square mile—a higher density.

4- Find What's Inside

Use GIS to monitor what's happening and to take specific action by mapping what's inside a specific area. For example, a district attorney would monitor drug-related arrests to find out if an arrest is within 1,000 feet 





This image from The Sanborn Map Company, Inc., shows a geoprocessed sample explosion radius around an area in California. Each separate zone represents 1/4-mile, the outermost perimeter being 1 mile away from the source.
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5- Find What's Nearby

Find out what's occurring within a set distance of a feature by mapping what's nearby.

6- Map Change

Map the change in an area to anticipate future conditions, decide on a course of action, or to evaluate the results of an action or policy.

1. By mapping where and how things move over a period of time, you can gain insight into how they behave. For example, a meteorologist might study the paths of hurricanes to predict where and when they might occur in the future. 

2. Map change to anticipate future needs. For example, a police chief might study how crime patterns change from month to month to help decide where officers should be assigned. 

3. Map conditions before and after an action or event to see the impact. 
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Typical Layers in a GIS Database

1- Base map layer :  control points , Contour lines , Permanent geographic features 
                                  such as  coastlines and rivers

2- Land parcels layer

3- Roads network layer
4- Utilities network layers:  Electric, Phone, Water.
A more comprehensive and easy way to define GIS is the one that illustrate  in layers (Figure-1 ), of its data sets. "Group of maps of the same portion of the territory, where a given location has the same coordinates in all the maps included in the system". This way, it is possible to analyze its thematic and spatial characteristics to obtain a better knowledge of this zone. 
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Figure. 1. The concept of layers (ESRI)
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Geovisualization

• Geovisualization is the creation of visual representations at geographical scales.

• Other terms are commonly used to refer to geovisualization:

– Visualization in Scientific Computing

– Image Processing and Analysis

– Information Visualization

• Geovisualization typically involves complex 3D applications (animations)

– Emphasis on attributes rather than on spatial relations

• Four principal purposes of geovisualization:

1- Exploration:

      • Identify spatial relations in dataset

      • Assess impact of feature representation

2-  Synthesis:

      • Present detail and complexity of dataset

      • Enable viewer to get big picture

3- Presentation
      • Communicate overall message of representation.
4- Analysis

      • Facilitate spatial analysis methods
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