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INTRODUCTION

Geographic Information Systems (GIS) are a new technology that combines the world of database management with digital maps and graphics. 

A Geographic Information System can be defined as:

"A system of computer hardware, software and procedures designed to support the capture, management, analysis, modeling and display of geographically referenced data for decision making. It is a way in which to begin to represent and model the real world."

General Definition: a geographic information system is any manual or computer-based set of procedures used to store and manipulate geographically referenced data.

Specific Definition: A geographic information system is a computer-based system that provides four sets of capabilities to handle georeferenced data: 1) Input, 2) Data Management, 3) Manipulation and Analysis, 4) Output.

Why use a Geographic Information System?

Ultimately a GIS is used for decision support and decision-making concerning real-world problems. A GIS allows us to produce a model from which decision can be made concerning the real world.

ArcView is referred to as a desktop mapping and geographic information system, in that it supports the capture, management, analysis, and presentation of the data, however it is limited in its spatial analysis capabilities. By limiting the spatial analysis functions, the desktop GIS provides the user with a fast, easy to use, efficient system, with 90% of the functionality of the more advanced and costly GIS products.

For many interpretive functions what the resource person requires is a 'visual spatial analysis' using ArcView as an automated light table and the querying capabilities to analyze natural resource data. This combination automates the process of map compilation, data analysis, and map/report production.

GIS FUNCTIONS

GIS Provides four main sets of capabilities to handle geographically referenced data:

· Data Input

· Data Management

· Data Manipulation and Analysis

· Data Output

Data Input 

Converts the data from an existing form into one that can be used by a GIS in a digital format. The data may be captured in either a vector format or in a raster format. This may be accomplished through manual digitizing, scanning, or from existing digital data.

Data Input Methods

1. Manual Digitizing (vector)

2. GPS (vector: point, line, area)
3. Scanning (raster)

4. Remote Sensing (raster)

5. Existing Digital Data (vector and/or raster)

6. Existing Digital Data:

7. Digital Base Maps (vector)
· Ministry of Natural Resources, Ontario Base Maps (OBM) Scale: 1:20,000, 1:10,000, and 1:2,000.

· Energy, Mines and Resources, National Topographic Series Scale: 1:250,000, 1:50,000.

· USGS DLG Topographic Series: 1:24,000, 1:100,000, 1:250,000, 1:2,000,000

Graphics Formats

· SIF Standard Interchange Format




· DGN Integraph Format




· DXF AutoCAD Interchange Format




· DLG USGS Digital Line Graph

Other Data Sets

Natural Resource Data:

Ministry of Natural Resources



Ministry of Northern Development & Mines



Department of Energy, Mines and Resources

Landuse & Landcover:


U. S. Geological Survey

Environment Canada

Census-related Data: 

U.S. Census Bureau; Statistics Canada

City Streets and Addresses: 

· Area Master Files (Canada)




· TIGER files (USA)

Digital Elevation Data: 

Digital Terrain Models (DTM, DTED)




Digital Elevation Models (DEM)

Data Management 

These are the functions performed by a Geographic Information System to store and retrieve data from the database. This capability is similar to that provided by database management software. The data are entered into a pre-defined structure which may or may not be inter-related. 

Nature and Representation of Geographic Data

The three main components to geographic data are:

· Geographic Position 

· Attribute or nature of the data

· Spatial Relations between the data

The geographic component may be represented in terms of a coordinate system such as Latitude, Longitude, and Elevation. The Attribute component may be the feature being represented and any quantitative or qualitative characteristics. The spatial relationship between the data is a reflection of location.

Data Models

There are two basic approaches in representing the spatial component of geographic information and these are the Raster Data Model and the Vector Data Model.

Raster Data Model: In the raster model the representation of points, lines, and areas uses a unit cell such that a line is produced by a series of cells or 'pixels'; a point is represented by one cell, and an area is represented by a two dimensional array of cells.

Vector Data Model: In the vector model the representation of points, lines and areas uses Cartesian Coordinates and have a mathematical definition.

Data Quality

Accuracy: Positional Accuracy is the expected deviation in the geographic location of an object from its true ground position. Information may be derived from hardcopy files which have an estimated position on a map, or from coordinate data on file. When the data is digitized, the scale at which an object is represented on a map will also influence the positional accuracy.

Base maps also have a accuracy which is limited to the scale being represented. Ontario Base Maps (OBM) at 1:20,000 scale have a stated accuracy limit of +/- 10 metres; National Topographic Series Base maps at 1:250,000 have an accuracy limit of +/- 50 metres. When these maps are digitized, the georeferencing and digital conversion process may cause a shift from true location of 50 to 200 metres.

Resolution: Digital base maps are designed to be accurate within the scale at which they were digitized. When zooming or magnifying a map area using a GIS or CAD system, it is important to remember that the representation of information at a scale that is larger than the original will have the inherent inaccuracy of the base map. For an NTS 1:250,000, the maximum scale which retains the original accuracy of the map is 1:50,000, which represents the scale at which they were digitized. As well, it should also be noted that the representation of a point or symbol on a map might be several 100 metres depending on the symbol size and the scale of the map.

Data Manipulation and Analysis

Data manipulation and analysis functions may vary from one GIS to another but can be broadly sub-divided into spatial vs. non-spatial analysis. Spatial analysis requires knowledge of the geographic relationships between the data (points, lines, and polygons) contained in the GIS; non-spatial analysis represents a query of the database similar to those functions in database management software. Generally, a GIS with advanced spatial analysis capabilities requires more processing time and more memory storage capacity than those without.

GIS analysis functions can be sub-divided into the following categories:

1) Maintenance and Analysis of Spatial Data; this includes:

· Format Transformations ie. DXF to ArcView

· Geometric Transformations ie. map registration

· Transformations between map projections 

2) Maintenance and Analysis of Non-Spatial Data; this includes:

· Attribute Editing Functions

· Attribute Query Functions

3) Integrated Analysis of Spatial and Attribute Data; this includes:

· Overlay Operations

· Neighbourhood Operations

· Connectivity Functions

· Retrieval, Classification, Measurement

4) Output Formatting; this includes:

· Map Annotation

· Text Labels

· Texture patterns and Line Styles

· Graphic Symbols

Data Output

The GIS has to output the data in the form of maps, tables, and text either as softcopy (on-screen or electronic file) or as hardcopy (paper or film). In considering a GIS it is important to assess the quality, accuracy, and ease of use for the output. Generally, vector-based systems can produce higher quality map output than raster-based systems.

Data Output Devices:

· Pen Plotters 

· Printers 

· Ink Jet Plotters 

· Electrostatic Plotters

· Thermal Plotters

· Optical Film Writers

Some colour inkjet printers can be configured to emulate a pen plotter. The resulting output is a high quality plot in a shorter period of time compared with a normal pen plotter. For the GPS/desktop-GIS course an HP Deskjet 500C is used with HP plotter emulation software.

GIS PROJECT PLANNING

A definition of the goals and objectives for a Geographic Information System is required at the start, which is based on clear and realistic business objectives. When the purpose of the GIS has been established, a structured approach towards the design and implementation of a GIS can be considered. 

The establishment of a Geographic Information System within an organization can be considered to occur in four phases:

1) Conception: the process that leads to the initiation of a GIS project. The political, administrative and monetary commitments are obtained and the general system philosophy and scope are determined.

2) Design: the general philosophy during the first phase is translated into a definition of the system, within the scope and monetary constraints identified in the conception phase. This will involve:

· analyzing the functions of the organization 

· the inter-relationship of the various functions 

· identifying the information requirements for each function 

· deciding on priorities

· development of a general technical design.

3) Implementation: the process of constructing the design created in the second phase. This would involve developing a technology transfer strategy, including organizational change, training plans, roles and responsibilities of organizational units.

4) Operation and Maintenance: making the system available to users and satisfying the objectives identified during conception. It includes day-to-day technical management, enhancements, and performance evaluation.

A planning-prototyping (pilot project) approach to desktop GIS implementation is the most optimal in that it allows the organization to assess the value of a system, using a readily available data set before committing to a final system architecture. This allows the organization to determine their functional requirements and achieve a level of productivity that would otherwise require more time.
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