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1 Introduction

This Unit explores some basic functions of Geographical Information Systems (GIS) and analytical operations and familiarises practitioners with several ways that these tools might be used in a participatory mapping project. By understanding the kinds of functions and analyses that can be accomplished with GIS, practitioners and community members are better prepared to decide about how to employ the tools. While GIS can perform many different, and sometimes complex, functions, this Unit introduces a small number of GIS operations that are likely useful for community mapping. 
2 Data Creation and Management 

PGIS practitioners and community members likely will want to create and use their own data which are most often stored in discrete GIS layers (see Units M12U01 and M12U02 for an explanation of layers). It is unlikely that specific community-identified features and their names will have been documented and made available in a GIS format by other organisations; therefore, they need to be created and incorporated into the GIS to display and analyse the information. Also, community members may wish to edit or add to pre-existing maps. The following operations deal with creating and editing map layers. 
2.1 Map Scanning and Digitising

Digitising refers to the process of converting a paper (or physical) map into a digital format so that it can be incorporated into a GIS. This data conversion process is also known as geocoding. Digitising can occur by:  

· scanning the paper map using a digital scanner; 

· manually digitising the map using a puck and tablet; 

· capturing or adding information from/onto a scanned map or image through the process of on-screen digitising. 

Map scanning: Map scanning refers to the process of passing a paper map through a scanner and thus digitising it so that it can be incorporated into the GIS to display and analyse spatial information. The original map could be black and white or colour. The scanner needs to be set up to accommodate the correct size of the map; large maps may need to be scanned with a large scanner (see figure below) or else in sections and then pieced together on the computer using specialist software (such as Paint.Net, Photoshop or any other image-editing software). The scan settings can be adjusted to produce higher and lower resolution images. Scanning paper copies of maps is a preliminary step in working with maps in a GIS.

The process of digitising a map may require that the image that was originally scanned be converted to a different data type. For example, scanned copies of maps likely are raster images; however, it could be useful to convert these to vector images (see Unit M12U01). There are a variety of software packages that can perform this task by automatically creating lines based upon the raster images. However, these should be double checked, as they are rarely completely accurate.
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Figure 1: Large format flat map scanner

Manual digitising: Manual digitising is another process for converting analogue data (or a paper map) into digital data. Many GIS software packages include functionality that assist with this operation. Generally, this involves clicking on various features on a paper map using a specialised digitising “puck” and “tablet”. 
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Figure 2: Map digitising puck and tablet

On-screen digitising: On-screen digitising involves extracting spatial features from a digital image – such as a scanned map, an aerial photo or a digital photograph – and using the extracted information to create a new map or GIS map layer. On-screen digitising is a useful tool for taking community information (e.g. land-use data or points of interest) derived from a participatory mapping process (see Module 6) and turning it into georeferenced map layers that can be incorporated into a GIS and overlaid with other map layers.
The process of on-screen digitising is similar to conventional digitising. The users capture data from digital images or scanned maps by using the mouse cursor on their monitor screens instead of the specialised puck and tablet required in manual digitising. Users can create map layers and directly add labels during tracing. While the features are still manually traced and images are taken at high resolution, on-screen digitising allows a higher level of accuracy because the operator can use the zoom function. In addition, on-screen digitising allows for editing features. 
On-screen digitising is commonly called "heads-up" digitising because the user’s attention is focused up on the screen and not on a digitising tablet. 
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Figure 3: Example of on-screen digitising over an aerial image

2.2 Coordinate Systems 

The need to understand and recognise coordinates has been discussed in prior Units of this Module. However, understanding the way that coordinates are set for a map that has been created or scanned requires a basic understanding of the Coordinate Reference System (CRS).

In order to create a map that is compatible with other layers which might be laid upon it, GIS users need to select the appropriate CRS. In most cases, this means applying the same CRS to every map layer that is overlaid with another. Since the Earth is not perfectly spherical, a number of different coordinate systems have been developed in order to create maps that are suitable for particular regions (there are a number of regional coordinate systems that are only applicable to clearly defined areas). 
It is important to understand the requirement to use the same CRS across the dataset and to apply it to each of the map layers that are used together. Incorrectly reconciling coordinate systems among different maps and digital geographic data can result in an unpredictable spatial mismatch of data that impacts the validity of the analysis that can be performed using the maps. This can be largely overcome by having a clear idea of the metadata associated with each layer (see M12U01 for a description of metadata).

* In order to better understand coordinate systems, trainees should complete the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorial “Coordinate Reference Systems” found at http://linfiniti.com/dla/.

2.3 Map Projections 

A map projection defines the manner in which three-dimensional information about the Earth is transformed to a two-dimensional surface for display and analysis. All spatial data stored in a GIS are associated with a map projection. Map projections are a particularly important feature of spatial data because they introduce error and distortion; a sphere cannot be transformed to a flat surface (or plane) without some form of distortion (in the form of stretching and twisting) of the sphere's surface.

The typical GIS package supports anywhere from 5 to 50 map projection types, and most projections may be modified or customised by varying their parameters. This flexibility is important for two reasons. First, in order to use two or more layers together in a GIS for visualisation or analysis, all data must be projected in the same way. Second, certain types of analyses, such as the measurement of area, are only valid when using certain types of projections; the results are completely wrong if an inappropriate projection is used.

It is essential to understand map projections in order to confidently display, analyse and interpret GIS data. The subject of map projections is vast and complex.
 

2.4 Georeferencing 

Georeferencing is the process of applying spatial attributes to map layers so that they might be used in a GIS. This usually relates to raster images, such as aerial photographs or scanned maps. Georeferencing applies a CRS to the image, and thus gives the image spatial reference. Most importantly, it defines the relationship between the object and the geographic features that are embedded in other map layers. Georeferencing associates a coordinate with the features that are being georeferenced and thus allows useful comparison with other information.
2.5 Assigning Attributes

When spatial information is stored in a GIS, each feature has two types of data associated with it:

· locational information in the form of coordinates;
· descriptive information in the form of attribute values. 

Depending on the kind of data that are added, it likely will be necessary to input attribute information. While spatial features, such as geographic coordinates, can be set by georeferencing various components of the map and selecting an appropriate coordinate system, attribute data must be entered by creating fields in the data layer's Attribute Table. The kind of data depends upon the goals of the project. However, basic items, such as a name or some kind of identifying label, are useful. Furthermore, each identified feature is assigned a unique identification number. 
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Figure 4: Attribute Table 

2.6 Labelling Features

It is usually important to label certain features on the map for aesthetic or practical purposes. Labels, which correspond with features entered into the Attribute Tables, can be turned on or off depending upon the map maker’s preference. The label properties (e.g. font size, colour and highlighting) also can be modified depending on preference.   
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Figure 5: Map with labels turned on

2.7 Editing Data Layers

Newly created or pre-existing data layers and their Attribute Tables can be edited using GIS software. This may be necessary when map makers wish to add points, lines or polygons to represent features of interest or relevance to the project. 
Editing mode can be toggled on and off in Quantum GIS by clicking the ”Toggle editing” tab [image: image6.png]


. Once this has been done, new tools become available, including those that allow users to create points, lines and polygons. This allows map makers to specify and attribute information to their own data points. These points can be represented using the symbols outlined in M12U02 (with the option of using many more map symbols!)  Similarly, the ”Toggle editing” tab can be selected when working with the Attribute Table to add or manipulate information in it. 
* This information is explored in hands-on exercises presented in the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorial ”Map Production” found at http://linfiniti.com/dla/.

3 Querying

At times, it may be necessary to search one or more of the databases that are associated with each map layer. Particularly when large amounts of information are stored in these databases, it is useful to understand how to perform a basic search. This is done by working with the Attribute Tables.

3.1 Find by Location

Searches can be conducted for spatial locations. For example, map makers may wish to search for all points that occur within five kilometres of a lake. This process is discussed further in the section, ”Buffering“. 
3.2 Find by Attribute 

It is possible to query the GIS for various attributes that might be included in the Attribute Table. Both simple and advanced searches of the Attribute Table can be performed. Using the advanced search option, it is possible to refine queries based on multiple and comparatively complex criteria. For example, the series of images below depicts a search using the advanced search tool for all lakes in Alaska with an area greater than or equal to 500 square kilometres. This search yielded 39 results. These results appear:

· highlighted in the Attribute Table;
· highlighted on the map itself. 
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Figure 6: Query of attributes using advanced search tool
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Figure 7: Search results highlighted on the map

4 spatial analysis 

Spatial analysis can begin once the map layers have been created and incorporated into the GIS, all of the desired data points have been added and the relevant information has been attributed to each data point. Simply stated, conducting a spatial analysis represents an attempt to understand the distribution of various phenomena across a given geographic space. Spatial analyses can occur across a wide range of disciplines. Some examples of potential spatial analyses include: 

· health practitioners interested in investigating the relationship between smog and respiratory illness;
· hunters looking for the relationship between hunting grounds and busy transportation corridors;
· police officers seeking to locate areas of high criminal activity;
· environmental planners linking rare or endangered plant species to development activities. 
These are just several examples of the limitless kinds of spatial analyses that can be conducted using GIS. The following operations outline some of the ways that this might be conducted. 
4.1 Map Overlays

A map overlay creates new features and attribute relations by overlaying the features from two input map layers. Features from each input layer are combined to create new output features. Attributes of each input feature are combined from the two input layers to describe each new output feature, thus creating new attribute relationships.
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Figure 8: Map overlays 

Often, it is necessary to manipulate multiple data layers to achieve the objective of the overlay operation. This is done in a stepwise fashion. First, two input layers are combined to form an intermediate layer. This intermediate layer is then combined with a third layer to form another intermediate layer and so forth until the desired map layer is achieved.

4.2 Spatial Joins

Creating a spatial join is an important part of relating information contained within one map or layer with that represented in another. A spatial join draws together all of the objects (e.g. points, lines or polygons) that meet certain criteria into a new layer. For example, map makers may wish to join all objects that intersect with one another or that are contained within a given polygon. Once this has been completed, these objects are joined spatially and within a new Attribute Table that is created. 

Spatial joins are related to map overlays, which refer to the new map that is created when one map is overlaid on another for geographic analysis.   
4.3 Choropleth Mapping
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Choropleth maps can be useful when conducting a spatial analysis because they can visually represent certain themes or items of interest. A choropleth map is divided into regions based upon the data that are associated with each region. The map makers set the exact criteria for these divisions. Some popular examples of choropleth maps are maps depicting voter preference across a number of states or annual average income within a region or country.
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Figure 9: Choropleth map 

4.4 Buffering

Buffer operations allow users to define and create a zone of a specified width around a point, line or polygon. For example, one might be interested in acquiring information about the people who live within 50 metres of a water source. The resulting buffer forms a new polygon, which can be used in queries to determine which entities occur either within or outside the defined buffer zone. In certain instances, it is possible that buffers may overlap with one another. 
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Figure 10: Map showing buffers around points
* In order to better understand these analytical functions, trainees should complete the Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South Africa tutorials ”Spatial analysis: Vector Data” and ”Spatial Analysis: Raster Data” found at http://linfiniti.com/dla/.

5 GPS for use with GIS 

The Global Positioning System (GPS) is a space-based global navigation satellite system. It provides reasonably reliable (i.e. accurate within 30 metres) positioning, navigation and timing services to worldwide users on a continuous basis in all weather, day and night, anywhere on or near the Earth.

GPS is made up of three parts: satellites (from 24 to 32 of them) orbiting the Earth, four control and monitoring stations on Earth and the GPS receivers owned by users. GPS satellites broadcast signals from space that are used by GPS receivers to provide three-dimensional locations (i.e. latitude, longitude and altitude) and the time.

GPS has become a mainstay of transportation systems worldwide, providing navigation for aviation, ground and maritime operations. Disaster relief and emergency services depend upon GPS for location and timing capabilities in their life-saving missions. The accurate timing provided by GPS facilitates everyday activities such as banking, mobile phone operations and even the control of power grids. 

GPS receivers can be used to capture points of interest and routes travelled and then to display these features on the receiver or on a computer if the information is uploaded later. The price of GPS receivers has fallen and they often are an affordable option to use for recording locations and later transferring these to a map. However, GPS users must be aware that these devices are not always accurate; at times, they may be able to record a location only within tens of metres or even within more than 100 metres. Furthermore, they may not always be able to retrieve a signal and thus give a location, particularly in isolated or heavily forested areas. Nonetheless, they can be useful for translating information into a digital format and are often seen as lending credibility to participatory mapping projects that must accurately record the locations of features in the field.

Once data points and route data have been captured using a GPS, they can be uploaded and added directly to maps that have been created or edited using GIS. These points will likely appear as their own layer; map makers can then attribute information to them or perform various operations, such as buffers, on them. 
� � HYPERLINK "http://tinyurl.com/yzl4zxe" ��http://tinyurl.com/yzl4zxe� 
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� Adapted from GIS Core Curriculum for Technical Programs. .Written by Rustin Dodson, Santa Barbara, California.
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