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A word from the editor

This project was sponsored by the Chief Directorate: Spatial Planning & Information, Department
of Land Affairs (DLA), Eastern Cape, in conjunction with the Spatial Information Management Unit,
Office of the Premier, Eastern Cape, South Africa.

GIS is becoming an increasingly important tool in environmental management, retail, military, police,
tourism and many other spheres of our daily lives. If you use a computer or a cell phone, you have
probably already used a GIS in some form without even realising it. Maybe it was a map on a web
site, Google Earth, an information booth or your cell phone telling you where you are. Proprietary GIS
software (software that cannot be freely shared or modified) is available that will let you do everything
we describe in these worksheets and a lot more. However this software is usually very expensive or
otherwise limits your freedom to copy, share and modify the software. GIS vendors sometimes make
an exception for educational activities, providing cheaper or free copies of their software. They do
this knowing that if teachers and learners get to know their software, they will be reluctant to learn
other packages. When learners leave school they will go into the workplace and buy the commercial
software, never knowing that there are free alternatives that they could be using.

With Quantum GIS, we offer an alternative - software that is free of cost and free in a social sense.
You can make as many copies as you like. When learners leave school one day they can use this
software to build their skills, solve problems at work and make the world a better place.

When you buy commercial software, you limit your options for the future. By learning, using and
sharing Free and Open Source Software, you are building your own skills, freeing money to be spent
on important things like food and shelter and boosting our own economy.

By sponsoring the creation of this resource, the DLA has created a foundation to which young minds
can be exposed. Exciting possibilities lie ahead when principles of free sharing of knowledge and
data are embraced. For this we give our heartfelt thanks to the DLA!

We hope you enjoy using and learning QGIS in the spirit of Ubuntu!

o

Tim Sutton, April 2009
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1 Introducing GIS

Objectives: Understanding what GIS is and
what it can be used for.

Keywords: GIS, Computer, Maps, Data, Infor-
mation System, Spatial, Analysis

Overview

Just as we use a word processor to write documents and deal with words on a computer, we can use
a GIS application to deal with spatial information on a computer. GIS stands for 'Geographical
Information System’ . A GIS consists of:

¢ Digital Data - the geographical information that you will view and analyse using computer hard-
ware and software.

e Computer Hardware - computers used for storing data, displaying graphics and processing
data.

e Computer Software - computer programs that run on the computer hardware and allow you to
work with digital data. A software program that forms part of the GIS is called a GIS Application.

With a GIS application you can open digital maps on your computer, create new spatial information
to add to a map, create printed maps customised to your needs and perform spatial analysis.

Let's look at a little example of how GIS can be useful. Imagine you are a health worker and you
make a note of the date and place of residence of every patient you treat.

Table 1. Notes of date and place of residence of patients

Longitude Latitude Disease Date

26.870436 -31.909519 Mumps 13/12/2008
26.868682 -31.909259 Mumps 24/12/2008
26.867707 -31.910494 Mumps 22/01/2009
26.854908 -31.920759 Measles 11/01/2009
26.855817 -31.921929 Measles 26/01/2009
26.852764 -31.921929 Measles 10/02/2009
26.852764 -31.921929 Measles 22/02/2009
26.869072 -31.911988 Mumps 02/02/2009
26.863354 -31.916406 Chicken Pox 26/02/2009

A Gentle Introduction to GIS 1



1 INTRODUCING GIS

If you look at the table above you will quickly see that there were a lot of measles cases in January
and February. Our health worker recorded the location of each patient’s house by noting its latitude
and longitude in the table. Using this data in a GIS Application, we can quickly understand a lot more
about the patterns of illness:

Figure 1: Example showing disease records in a GIS application. It is easy to see that the mumps patients all
live close to each other.

Quantum GIs'- T.0'0Kore. Easterntape

More about GIS

GIS is a relatively new field - it started in the 1970's. It used to be that computerised GIS was
only available to companies and universities that had expensive computer equipment. These days,
anyone with a personal computer or laptop can use GIS software. Over time GIS Applications have
also become easier to use - it used to require a lot of training to use a GIS Application, but now it is
much easier to get started in GIS even for amateurs and casual users. As we described above, GIS

A Gentle Introduction to GIS 2
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is more than just software, it refers to all aspects of managing and using digital geographical data. In
the tutorials that follow we will be focusing on GIS Software.

What is GIS Software / a GIS Application?

You can see an example of what a GIS Application looks like in Figure 1 above. GIS Applications
are normally programs with a graphical user interface that can be manipulated using the mouse and
keyboard. The application provides menus near to the top of the window (File, Edit etc.) which, when
clicked using the mouse, show a panel of actions . These actions provide a way for you to tell the
GIS Application what you want to do. For example you may use the menus to tell the GIS Application
to add a new layer to the display output.

Figure 2: Application menus, when clicked with the mouse, expand to show a list of actions that can be carried
out.

© Add PostGIS Layer...
Legend W Add WMS Layer...

=0 =8z
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- Add All to Overview =

-8 Remove All From Overview -

£ Hide All Layers H
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Toolbars (rows of small pictures that can be clicked with the mouse) normally sit just below the
menus and provide a quicker way to use frequently needed actions.

Figure 3: Toolbars provide quick access to commonly used functions. Holding your mouse over a picture will
usually tell you what will happen when you click on it.
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A common function of GIS Applications is to display map layers . Map layers are stored as files on a
disk or as records in a database. Normally each map layer will represent something in the real world
- a roads layer for example will have data about the street network.

When you open a layer in the GIS Application it will appear in the map view . The map view shows

A Gentle Introduction to GIS 3



1 INTRODUCING GIS

a graphic representing your layer. When you add more than one layer to a map view, the layers are
overlaid on top of each other. Figure 4 below shows a map view that has several layers being added
to it. An important function of the map view is to allow you to zoom in to magnify, zoom out to see a
greater area and move around (panning) in the map.

Figure 4: A map view with several layers being added to it
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(a) A towns layer added to the map view

(b) A schools layer added to the map view
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(d) Arivers layer added to the map view

| - e

(c) A railways layer added to the map view

Unlike paper maps, the maps displayed in GIS Applications can be changed after they have been
created. You can change the symbology of the map layers to make them appear in different colours
or symbols.

For example, if we take the map in Figure 4(d) and change the symbology, we can completely change
how it looks - as shown in Figure 5. Symbology plays an important role in how we interpret maps,
and GIS Applications are very good at letting you change symbology quickly and easily.

Another common feature of GIS Applications is the map legend . The map legend provides a list of
layers that have been loaded in the GIS Application. Unlike a paper map legend, the map legend or
‘layers list’ in the GIS Application provides a way to re-order, hide, show and group layers. Changing
the layer order is done by clicking on a layer in the legend, holding the mouse button down and then
dragging the layer to a new position. In Figure 6, the map legend is shown as the area to the left
of the GIS Application window. By changing the layer order, the way that layers are drawn can be
adjusted - in this case so that rivers are drawn over the roads instead of below them.

A Gentle Introduction to GIS 4



GIS FOR EDUCATORS

Figure 5:

GIS Software let you easily change symbology - the way information is displayed.
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Figure 6: Changing the layer order allows to adjust the way that layers are drawn
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(a) Before changing the layer order, rivers are drawn

underneath roads

(b) After changing the layer order, rivers are drawn on
top of roads

Getting a GIS Application for your own computer(s)

There are many d

ifferent GIS Applications available. Some have many sophisticated features and

cost tens of thousands of Rands for each copy. In other cases, you can obtain a GIS Application for
free. Deciding which GIS Application to use is a question of how much money you can afford and
personal preference. For these tutorials, we will be using the Quantum GIS Application, also known
as QGIS. Quantum GIS is completely free and you can copy it and share it with your friends as much
as you like. If you received this tutorial in printed form, you should have received a copy of QGIS with

it. If not, you can a
internet.

lways visit http://qgis.org to download your free copy if you have access to the

A Gentle Introducti
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GIS Data

Now that we know what a GIS is and what a GIS Application can do, let’s talk about GIS data. Data is
another word for information . The information we use in a GIS normally has a geographical aspect to
it. Think of our example above, about the health care worker. She created a table to record diseases
that looked like this:

Table 2: Example from table 1 with date and place of residence of patients

Longitude Latitude Disease Date
26.870436 -31.909519 Mumps 13/12/2008

The longitude and latitude columns hold geographical data . The disease and date columns hold
non-geographical data . A common feature of GIS is that they allow you to associate information
(non-geographical data) with places (geographical data). In fact, the GIS Application can store many
pieces of information which are associated with each place - something that paper maps are not
very good at. For example, our health care worker could store the person’s age and gender on her
table. When the GIS Application draws the layer, you can tell it to draw the layer based on gender, or
based on disease type, and so on. So, with a GIS Application we have a way to easily change the
appearance of the maps we created based on the non-geographical data associated with places.

GIS Systems work with many different types of data. Vector data is stored as a series of X,Y
coordinate pairs inside the computer's memory. Vector data is used to represent points, lines and
areas. Figure 7 shows different types of vector data being viewed in a GIS application. In the tutorials
that follow we will be exploring vector data in more detail.

Figure 7: Vector data is used to represent points (e.g. towns), lines (e.g. rivers) and polygons (e.g. municipal
boundaries).

A Gentle Introduction to GIS 6
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Raster data are stored as a grid of values. There are many satellites circling the earth and the
photographs they take are a kind of raster data that can be viewed in a GIS. One important difference
between raster and vector data is that if you zoom in too much on a raster image, it will start to appear
'blocky’ (see Figure 8). In fact these blocks are the individual cells of the data grid that makes up the
raster image. We will be looking at raster data in greater detail in later tutorials.

Figure 8: Zoom in to see the individual cells of the data grid that makes up the raster image.

(a) Raster data are often images taken by satellites. (b) The same raster data, but this time zoomed in. The
Here we can see mountains in the Eastern Cape. grid nature of the data can be seen

What have we learned?

Let's wrap up what we covered in this worksheet:

e A GIS is a system of computer hardware, computer software and geographical data.

A GIS Application allows you to view geographical data and is an important part of the GIS.

A GIS Application normally consists of a menu bar, toolbars , a map view and a legend .

Vector and raster data are geographical data used in a GIS application.

Geographical data can have associated non-geographical data.

Now you try!

Here are some ideas for you to try with your learners:

e Geography : Describe the concept of GIS to your learners as outlined in this tutorial. Ask them
to try to think of 3 reasons why it might be handy to use a GIS instead of paper maps. Here are
some that we could think of:

A Gentle Introduction to GIS 7
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— GIS Applications allow you to create many different types of maps from the same data.

— GIS is a great visualisation tool that can show you things about your data and how they
are related in space (e.g. those disease outbreaks we saw earlier).

— Paper maps need to be filed and are time consuming to view. The GIS can hold a very
large amount of map data and make it quick and easy to find a place you are interested in.

e Geography : Can you and your learners think of how raster data from satellites could be useful?
Here are some ideas we had:

— During natural disasters, raster data can be useful to show where the impacted areas are.
For example a recent satellite image taken during a flood can help to show where people
may need rescuing.

— Sometimes people do bad things to the the environment, like dumping dangerous chem-
icals that kill plants and animals. Using raster data from satellites can help us to monitor
for these type of problems.

— Town planners can use raster data from satellites to see where informal settlements are
and to help in planning infrastructure.

Something to think about

If you don’t have a computer available, many of the topics we cover in this tutorial can be reproduced
using an overhead and transparency as it uses the same technique of layering information. However,
to properly understand GIS it is always better to learn it using a computer.

Further reading

Book : Desktop GIS: Mapping the Planet with Open Source Tools. Author : Gary Sherman. ISBN:
9781934356067 [? ]

Website : http://www.gisdevelopment.net/tutorials/tuman006.htm

The QGIS User Guide also has more detailed information on working with QGIS.

What's next?

In the sections that follow we are going to go into more detail, showing you how to use a GIS Appli-
cation. All of the tutorials will be done using QGIS. Next up, let’s look at vectors!

A Gentle Introduction to GIS 8
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2 Vector Data

Objectives: Understanding of vector data mod-
els as used in GIS.

Keywords: Vector, Point, Polyline, Polygon,
Vertex, Geometry, Scale, Data,
Quality, Symbology, Data Sources

Overview

Vector data provide a way to represent real world features within the GIS environment. A feature is
anything you can see on the landscape. Imagine you are standing on the top of a hill. Looking down
you can see houses, roads, trees, rivers, and so on (see Figure 9). Each one of these things would
be a feature when we represent them in a GIS Application. Vector features have attributes , which
consist of text or numerical information that describe the features.

Figure 9: Looking over a landscape you can see the main features, such as roads, houses and trees.

A vector feature has its shape represented using geometry . The geometry is made up of one or
more interconnected vertices . A vertex describes a position in space using an X, y and optionally z

A Gentle Introduction to GIS 9



2 VECTOR DATA

axis. Geometries which have vertices with a z axis are often referred to as 2.5D since they describe
height or depth at each vertex, but not both.

When a feature’s geometry consists of only a single vertex, it is referred to as a point feature (see
Figure 10a). Where the geometry consists of two or more vertices and the first and last vertex are
not equal, a polyline feature is formed (see Figure 10b). Where four or more vertices are present,
and the last vertex is equal to the first, an enclosed polygon feature is formed (see Figure 10c).

Figure 10: Vector point, polyline and polygon geometries

Vector Point Feature Vector Polyline Feature Vector Polygon Feature

Point Geometry (indicates the x,y Polyline Geometry (a series of
and z position of the feature) connected vertices that do not form
an enclosed shape)

Polygon Geometry (a series of
connected vertices that do form an

enclosed shape)
% S
W e — /,7/ X !
° X X P ¥ — } J
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Point attributes (describe the feature) Polyline attributes (describe the feature) Polygon attributes (describe the feature)

Id, Name, Description Id, Name, Description Id, Name, Description

1, Tree, Outside our classroom 1, Footpath 1, From class to the playground 1, School Boundary, Fenceline for the school
2, Light post, At the school entrance 2, Fo

otpath 2, From the school gate to the hall 2, Sports Field, We play soccer here

(a) A point feature is described by its (b) A polyline is a sequence of joined
X, Y and optionally Z coordinate. The vertices. Each vertex has an X, Y (and
point attributes describe the point e.g. optionally Z) coordinate. Attributes de-
if it is a tree or a lamp post. scribe the polyline.

(c) A polygon, like a polyline, is a se-
guence of vertices. However in a poly-
gon, the first and last vertices are al-
ways at the same position.

Looking back at the picture of a landscape we showed you further up, you should be able to see the
different types of features in the way that a GIS represents them now (see Figure 11).

Point features in detail

The first thing we need to realise when talking about point features is that what we describe as a
point in GIS is a matter of opinion, and often dependent on scale. let's look at cities for example. If
you have a small scale map (which covers a large area), it may make sense to represent a city using

a point feature. However as you zoom in to the map, moving towards a larger scale, it makes more
sense to show the city limits as a polygon.

When you choose to use points to represent a feature is mostly a matter of scale (how far away are
you from the feature), convenience (it takes less time and effort to create point features than polygon
features), and the type of feature (some things like telephone poles just don’t make sense to be stored

A Gentle Introduction to GIS 10



GIS FOR EDUCATORS

as polygons).

Figure 11: Landscape features as we would present them in a GIS. Rivers (blue) and roads (green) can be
represented as lines, trees as points (red) and houses as polygons (white).

As we show in lllustration 2, a point feature has an X,Y and optionally, Z value. The X and Y values
will depend on the Coordinate Reference System (CRS) being used. We are going to go into more
detail about Coordinate Reference Systems in a later tutorial. For now let's simply say that a CRS
is a way to accurately describe where a particular place is on the earth’s surface. One of the most
common reference systems is Longitude and Latitude . Lines of Longitude run from the North Pole
to the South Pole. Lines of Latitude run from the East to West. You can describe precisely where you
are at any place on the earth by giving someone your Longitude (X) and Latitude (Y). If you make a
similar measurement for a tree or a telephone pole and marked it on a map, you will have created a
point feature.

Since we know the earth is not flat, it is often useful to add a Z value to a point feature. This describes
how high above sea level you are.

Polyline features in detail

Where a point feature is a single vertex, a polyline has two or more vertices . The polyline is a
continuous path drawn through each vertex, as shown in lllustration 3 above). When two vertices are
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joined, a line is created. When more than two are joined, they form a ’line of lines’, or polyline .

A polyline is used to show the geometry of linear features such as roads, rivers, contours, footpaths,
flight paths and so on. Sometimes we have special rules for polylines in addition to their basic
geometry. For example contour lines may touch (e.g. at a cliff face) but should never cross over
each other. Similarly, polylines used to store a road network should be connected at intersections. In
some GIS applications you can set these special rules for a feature type (e.g. roads) and the GIS will
ensure that these polylines always comply to these rules.

If a curved polyline has very large distances between vertices, it may appear angular or jagged,
depending on the scale at which it is viewed (see Figure 12). Because of this it is important that
polylines are digitised (captured into the computer) with distances between vertices that are small
enough for the scale at which you want to use the data.

The attributes of a polyline decribe its properties or characteristics. For example a road polyline may
have attributes that describe whether it is surfaced with gravel or tar, how many lanes it has, whether
it is a one way street, and so on. The GIS can use these attributes to symbolise the polyline feature
with a suitable colour or line style.

Figure 12: Polylines viewed at a smaller scale (1:20 000 to the left) may appear smooth and curved. When
zoomed in to a larger scale (1:500 to the right) polylines may look very angular.
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Polygon features in detail

Polygon features are enclosed areas like dams, islands, country boundaries and so on. Like polyline
features, polygons are created from a series of vertices that are connected with a continuous line.
However because a polygon always describes an enclosed area, the first and last vertices should al-
ways be at the same place! Polygons often have shared geometry - boundaries that are in common
with a neighbouring polygon. Many GIS applications have the capability to ensure that the bound-
aries of neighbouring polygons exactly coincide. We will explore this in the topology topic later in
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this tutorial.

As with points and polylines, polygons have attributes . The attributes describe each polygon. For
example a dam may have attributes for depth and water quality.

Vector data in layers

Now that we have described what vector data is, let's look at how vector data is managed and used
in a GIS environment. Most GIS applications group vector features into layers . Features in a layer
have the the same geometry type (e.g. they will all be points) and the same kinds of attributes (e.g.
information about what species a tree is for a trees layer). For example if you have recorded the
positions of all the footpaths in your school, they will usually be stored together on the computer hard
disk and shown in the GIS as a single layer. This is convenient because it allows you to hide or show
all of the features for that layer in your GIS application with a single mouse click.

Editing vector data

The GIS application will allow you to create and modify the geometry data in a layer - a process called
digitising - which we will look at more closely in a later tutorial. If a layer contains polygons (e.g.
farm dams), the GIS application will only allow you to create new polygons in that layer. Similarly if
you want to change the shape of a feature, the application will only allow you to do it if the changed
shape is correct. For example it won't allow you to edit a line in such a way that it has only one vertex
- remember in our discussion of lines above that all lines must have at least two vertices.

Creating and editing vector data is an important function of a GIS since it is one of the main ways
in which you can create personal data for things you are interested in. Say for example you are
monitoring pollution in a river. You could use the GIS to digitise all outfalls for storm water drains (as
point features). You could also digitise the river itself (as a polyline feature). Finally you could take
readings of pH levels along the course of the river and digitise the places where you made these
readings (as a point layer).

As well as creating your own data, there is a lot of free vector data that you can obtain and use.
For example, you can obtain vector data that appears on the 1:50 000 map sheets from the Chief
Directorate : Surveys and Mapping.

Scale and vector data

Map scale is an important issue to consider when working with vector data in a GIS. When data is
captured, it is usually digitised from existing maps, or by taking information from surveyor records
and global positioning system devices. Maps have different scales, so if you import vector data from
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a map into a GIS environment (for example by digitising paper maps), the digital vector data will have
the same scale issues as the original map. This effect can be seen in Figure 13. Many issues can
arise from making a poor choice of map scale. For example using the vector data in Figure 13a to
plan a wetland conservation area could result in important parts of the wetland being left out of the
reserve! On the other hand if you are trying to create a regional map, using data captured at 1:1000
000 might be just fine and will save you a lot of time and effort capturing the data.

Figure 13: Maps with different scales
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(a) Vector data (red lines) that was digitised from a (b) Vector data (green lines) that was digitised from a
small scale (1:1000 000) map. large scale (1:50 000) map.

Symbology

When you add vector layers to the map view in a GIS application, they will be drawn with random
colours and basic symbols. One of the great advantages of using a GIS is that you can create
personalised maps very easily. The GIS program will let you choose colours to suite the feature type
(e.g. you can tell it to draw a water bodies vector layer in blue). The GIS will also let you adjust the
symbol used. So if you have a trees point layer, you can show each tree position with a small picture
of a tree, rather than the basic circle marker that the GIS uses when you first load the layer (see
Figure 14).

Symbology is a powerful feature, making maps come to life and the data in your GIS easier to un-
derstand. In the topic that follows (working with attribute data) we will explore more deeply how
symbology can help the user to understand vector data.

A Gentle Introduction to GIS 14



GIS FOR EDUCATORS

Figure 14: How can you adjust the symbology of vector features
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(b) When a layer (for example the trees layer above)
is first loaded, a GIS application will give it a generic
symbol.
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(c) After making our adjustments it is much easier to
see that our points represent trees.
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What can we do with vector data in a GIS?

At the simplest level we can use vector data in a GIS Application in much the same way you would
use a normal topographic map. The real power of GIS starts to show itself when you start to ask
questions like 'which houses are within the 100 year flood level of a river?’; 'where is the best place
to put a hospital so that it is easily accessible to as many people as possible?’; 'which learners live
in a particular suburb?’. A GIS is a great tool for answering these types of questions with the help
of vector data. Generally we refer to the process of answering these types of questions as spatial
analysis . In later topics of this tutorial we will look at spatial analysis in more detail.

Common problems with vector data

Working with vector data does have some problems. We already mentioned the issues that can arise
with vectors captured at different scales. Vector data also needs a lot of work and maintenance to
ensure that it is accurate and reliable. Inaccurate vector data can occur when the instruments used
to capture the data are not properly set up, when the people capturing the data aren’t being careful,
when time or money don't allow for enough detail in the collection process, and so on. If you have
poor quality vector data, you can often detect this when viewing the data in a GIS. For example slivers

can occur when the edges of two polygon areas don’t meet properly (see Figure 15). Overshoots

can occur when a line feature such as a road does not meet another road exactly at an intersection.
Undershoots can occur when a line feature (e.g. a river) does not exactly meet another feature to
which it should be connected. Figure 16 demonstrates what undershoots and overshoots look like.
Because of these types of errors, it is very important to digitise data carefully and accurately. In the
upcoming topic on topology , we will examine some of these types of errors in more detail.

Figure 15: Slivers occur when the vertices of two polygons do not match up on their borders. At a small scale
(e.g. 1 on left) you may not be able to see these errors. A