Support the spread of good practice in generating, managing, analysing and communicating spatial information

Module: [M12 - Introduction to GIS for the Purpose of Practicing PGIS]

Unit: [M12U02 - Visualising Spatial Information And Relationships]


Handout for Trainee
M12U02 - Visualising Spatial Information and Relationships
Outlined by: Henri Acselrad, Mark Bujang, Richard Chase Smith, Renato Emerson, Sylvanie Jardinet, Julius Muchemi, Rodger Obubo (facilitator)

Melvin Purzuelo, Giacomo Rambaldi

Developed by: Jon Corbett and Kasondra White

[image: image11.jpg]



Table of Contents
11
Introduction


22
displaying data


22.1
Raster Data


32.2
Vector Data


43
Revisiting the Layer


54
Confidence in data


55
Database Management


65.1
Spatial Data


75.2
Attribute Data


76
Map types


86.1
Aerial Photos


96.2
Line Maps


106.3
Topographic Maps


116.4
Three-dimensional Maps


127
Symbols




1 Introduction 

Maps present an intuitive representation of geographic information in an easily understood manner. Geospatial data presented using Geographical Information Systems (GIS) can effectively communicate spatial phenomena and ideas and can therefore initiate and enhance dialogue. This is partially because human beings are better suited to recognising spatial patterns and relationships visually than by listening or reading about them. 
GIS, and mapping in general, attempt to communicate geographic information that may occur at too large a scale or that may be too complex for people to recognise in their immediate environment. Using maps, it becomes possible to start making connections between types of information, or datasets, and the geographic and social environments in which they exist. These representations can be used for a range of purposes, such as understanding geographic phenomena over a wide area, managing infrastructure, analysing population characteristics or determining the suitability of planning objectives. 
In order to best represent the data, a range of options must be considered for displaying the information. 

2 displaying data

Information that is created, stored and viewed using GIS can exist in different digital formats. Different types of data and ways of presenting that data are made available in different file formats. Essentially, the file format determines how the data have been stored and can be used, and is usually distinguishable by the extension on the file. Some examples of file formats that are most commonly used by GIS include .shp (shapefiles), .dbf (database files) and .prj (project files). 
Most GIS have their own proprietary file formats. While it is often possible to transfer file types between different programs, there are times when this cannot be done. For this reason, it is important to be familiar with the kinds of file formats that are supported by the GIS software that is being used. 
In general, spatial data that are created and stored in a GIS can be classified as either raster or vector data.

2.1 Raster Data 

Raster data are characterised by the use of pixels to represent an image. In order to understand raster data, one can imagine that the image, or the map, is divided into a grid that is made up of many small cells (see figure below). Each cell in the grid contains information about the unique properties contained within the cell. When dealing with maps, each cell also includes a set of geographic coordinates.
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Raster images are structured around a grid, with each cell containing information that contributes to the larger image.
Raster data are most commonly used for storing information related to images, such as aerial photos. Often with raster images, a user is concerned with the colours represented on the image. Pixels of similar colour can be assumed to display similar traits, or to be somehow related. 

Using raster data leads to fairly straightforward and easily understandable visualisation and data analysis.

However, since the data associated with raster files are based on pixels, much of the quality is lost when the image is magnified (see the figures below). Furthermore, raster images generally require more storage space than vector images. 
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Raster image zoomed out.

Raster image, magnified. Notice the 






loss of image quality.
Notice how, in the above figures, the picture of the sun becomes “pixelised” and blocky when the user zooms in. 

* In order to see a practical example applying these principles, see the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorial “Raster Data” found at http://linfiniti.com/dla/.

2.2 Vector Data 
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Vector data are based on points, lines and polygons that have associated locational (e.g. x, y) coordinates. Vector graphics can be described as mathematical representations of images that exist independent of features such as size. For this reason, a vector image maintains the same level of clarity and does not become pixelised when the user zooms in.  Advantages associated with vector file formats are that the accuracy of geographic locations is maintained and that vector-based maps are closer representations of hand-drawn maps. However, vector data are less capable of representing continuous images, such as topographic maps. 
Vector image zoomed out
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Vector image magnified. Notice that the lines remain crisp and accurate.
The image, which is a magnified version of one of the lakes in the image above, has maintained the same level of clarity because it is a vector image and is not based on a series of pixels in a grid.
* In order to further explore vector data, complete the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorial “Vector Data found at http://linfiniti.com/dla/.
3 Revisiting the Layer

Layers organise geospatial data into different themes. Each data layer, also known as a theme or coverage, contains inherent locational properties added using the process of “georeferencing”. Because data layers share these locational properties, they can be integrated (or overlaid) with one another. 
The order in which the layers are added to a map and how they are arranged can enhance the visualisation process and make interpretation of the geospatial data more obvious. 
A good way to organise layers might be hierarchical, based on the kinds of features that are represented in each theme. For example, if there were an interest in exploring water availability and use in a particular area, one might add the following information: 

· base maps (e.g. data from the government or non-governmental organisations containing topographic data or land-use cover information);
· government (e.g. municipal or distinct borders);
· a hydrological layer (e.g. rivers and lakes in the area of interest);
· property information (e.g. including land-use data);
· infrastructural information (e.g. roadways and towns);
· community information (e.g. land-use types or areas of special cultural significance).
Once these data layers are added, it is possible to turn certain layers on and off to examine any interrelationships that may exist. Using the above data, one might look at areas within a region or municipality where, for example, more water is accessible, or sections of local waterways that flow through agricultural areas and their proximity to various infrastructural features or the relationship of community information to government information. These are only a few examples of the many ways that these data might be explored. Combining data layers in this way is called an overlay, which refers to the process of using one or more thematic layers to create a new map or series of maps.

4 Confidence in data

In order to make informed decisions based on GIS-derived mapping information, it is important to have confidence in the data used (especially if any data and map layers have been obtained from unknown sources). This includes clearly understanding the origins of the data and closely examining the metadata associated with various mapped features.
 This includes, among other things:

· being clear about the range of data covered in the particular layer (including how much additional data are available and where they might be obtained) and about the coordinate system, projection and datum used;
· knowing when the data were collected; in other words, whether the data are still up-to-date and relevant given changes that might have occurred in the area;
· understanding the goals of the individual or agency responsible for creating the data. For this reason, it is always important to ask who created the data that are being used and what information may have been strategically omitted. 
Of course, if data are not available or if communities want to include their own information, layers can be created based on this information. In these instances, it is often useful to overlay these data on top of a pre-existing base map.

In order to explore the data that have been attributed to certain features or to add data to points, lines or polygons that community members wish to map, it is necessary to have a basic familiarity with the kinds of databases that are contained within various GIS.   

5 Database Management

Each layer that is added to a map has data associated with it. These data are displayed in an Attribute Table. In the image below, the Attribute Table contains information about the name and area of a series of lakes that are located in the State of Alaska in the United States. The amount and type of information that can be associated with various features on a map are essentially limitless, and large databases are often managed using GIS.

In a community mapping project, it may be useful to add information to pre-existing data layers. For instance, in the example below, community members may wish to add information about the different fish species that live in each lake. This information could be associated with the relevant polygons (i.e. lakes) and would appear as a column or columns in the Attribute Table, which would subsequently be searchable.

When a given feature (such as Kenai Lake below) is selected, it will be highlighted on the actual map. When the user searches the Attribute Table for certain criteria (such as for all lakes with an area greater than 250 square miles), all of the features that meet those criteria will be highlighted. Similarly, if the Attribute Table is not opened, but users select a particular feature by clicking on it on the actual map, the information that is contained within the Attribute Table regarding that feature will be displayed. 
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Attribute Table depicting information about lakes

Different types of data can be used to describe various features on a map. These are broadly categorised as spatial and attribute data. Generally, objects are defined using both of these types of data. 

5.1 Spatial Data

Spatial data define the absolute position of an object in relation to the Earth’s surface. They use X and Y coordinates to describe the exact location of points, lines and polygons. Spatial data also reflect the size and shape of various features in real world terms. Most data layers with which one would work already include spatial data. However, when creating a new layer or adding an overlay (for example, a scanned copy of a hand-drawn map), it is necessary to set the spatial location by aligning these features with known geographic locations (i.e. X and Y points) – a process referred to as georeferencing.

5.2 Attribute Data 

Attributes are characteristics that are associated with features on the map. This is the information that is displayed in the aforementioned Attribute Tables. Not every point is associated with an attribute. Some examples of attribute data are:

· the square footage of a building;
· the names of land-use types;
· average incomes of inhabitants;
· names of community locations or routes.
The amount and kinds of data that can be attributed to various features are essentially limitless. If data exist that can be logically tied to a geographic location, then they can be included. Once users begin to add layers depicting information, data can be attributed to these features. 
* In order to better understand attribute data, complete the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorial “Attribute Data” found at http://linfiniti.com/dla/.

6 Map types

There are a number of types of maps and datasets with which GIS users may work. It is important to remember that maps are stylised representations of the world that have often been created for a singular purpose. They are abstractions, in that they do not depict the world exactly as it appears, but rather represent the Earth’s surface. For example, the map maker’s discretion (or bias) determines whether certain features or names are included. Furthermore, because of the constant rate of change in the natural world and in human communities, maps are often out of date, even within a relatively short time after being created.

6.1 Aerial Photos

Aerial photos and satellite imagery are created by taking digital images of the Earth from the air. These maps are a common type of raster image. Aerial photos can be a useful starting point, or base layer, for a map created using GIS because points of interest can be identified by overlaying symbols or labels on features. Aerial photos are fairly accurate representations of the features that are present on the Earth’s surface because they have not been reinterpreted by human cartographers. However, since they are raster images, they are subject to pixelisation when magnified and the images often become distorted. 
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Aerial image of the country of Ghana
6.2 Line Maps

Line maps, which are generally vector images, illustrate features with lines and symbols. A common example of a line map would be a standard street map. Line maps are generally used for drawing specific points of interest.   
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Line map of the country of Ghana

6.3 Topographic Maps

Topographic maps are specifically concerned with depicting the topography of the Earth’s surface. Topography refers to the characteristics of the features on the Earth’s surface, such as lakes, mountains or human-made items. Topographic maps generally depict the contours and elevations of these features. However, these maps likely include additional information, such as the names of streets and lakes.
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Topographic map of a mountain
6.4 Three-dimensional Maps 

While GIS typically takes advantage of traditional, two-dimensional maps, three-dimensional mapping can also be achieved using GIS. Three-dimensional maps align more closely with the way that human beings traditionally see information, adding an element of depth, which is achieved by including a Z coordinate with the usual X and Y coordinates. Google Maps are one example of 3-D maps. 
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Example of a 3-D map

7 Symbols

GIS employ a range of symbols to represent various geographic features. Symbols are generally used to reference specific points on a map, which align with X and Y coordinates. Many GIS use a set of standard symbols that have universal relevance. These basic symbols are useful because they convey meaning independent of language. When engaging in a participatory mapping project, symbology is particularly useful when working with groups who wish to communicate geographic conditions to a wide array of audiences.   
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Quantum GIS symbology chart
The following are some common symbols used by many GIS:  
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This is a common place-marker that can be used to demarcate a point of interest. The meaning of this symbol likely varies depending upon the theme of the layer within which it appears. For example, if map makers were creating a layer depicting incidents of crime in a city, they may use this symbol to represent each occurrence.    
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This symbol is used to represent schools. 
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This symbol is commonly used for airports. 
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This is another symbol that is used for schools, but it is usually associated with universities.
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This is used for hospitals. 
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This symbol represents a recreational or picnic area. 
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This denotes a wheelchair-friendly building or location.
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This symbol is used to represent a restaurant or other place where food can be purchased. 

[image: image21.png]



This is used to signify hiking trails.
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This represents public transit, in this case a bus.

*Trainees may wish to supplement this handout by completing the “Topology” tutorial.
�	Metadata is "data about other data" and is associated with any sort in any digital data. Metadata is used to facilitate the understanding, characteristics and management usage of data. Adapted from � HYPERLINK "http://tinyurl.com/qresp" ��http://tinyurl.com/qresp� 


� � HYPERLINK "http://tinyurl.com/ydbrqz6" �http://tinyurl.com/ydbrqz6� 





PAGE  
1
Handout for Trainee
File name: M12U02_handout4T_visualising_geospatial_data
Last modified on: 12 January 2010

