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* Digital Data --- the geographical information that you will view and analyse using computer hardware and

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

* 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.
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22 GISOO0O0OO0OO0O0O0O

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 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.

23 GISOO0DOO0OO0O/ODO0O0oDoOoooOooog?

You can see an example of what a GIS Application looks like in [J 2.1. 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 (Project, 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, as in [ 2.2.

6 020 GISODO
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As seen in [1 2.3, 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.

023:00000000000000000O0O000DOO00DOOOO0ODOOODOOOODOOODOO
gboooooboobooobOobooooboooooan

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 graphic
representing your layer. When you add more than one layer to a map view, the layers are overlaid on top of each
other. Look at figures [ 2.4, [1 2.5, ] 2.6 and [J 2.7 to see a map view that has several layers being added to it.

23. GiIsOU0O0OOOO/OOoUOoODoOOooUoOUOOO? 7
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‘ B QGIS 2009

0 2.4: A towns layer added to the map view
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O 2.5: A schools layer added to the map view
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O 2.6: A railways layer added to the map view
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o 0.01
1 degrees

—
— P CHUeenstown

‘ o aGiSTmoe/

O 2.7: Arivers layer added to the map view

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. GIS software also lets you easily change symbology --- the way information

is displayed. [J 2.8 shows the map view after panning to the side and changing the symbology of the layers.

0 0.01
— 1degrees w

*

Lt

#' -— -‘gﬁ - -xQUEEI'IStCI'I'ITI
- ' .q
‘\'

.;"""

[
//'|E o - J
ﬁ ﬁ ©QGIS 2009
O 2.8: A map view after moving around (panning) and changing the symbology

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 [J 2.9
and [J 2.10, 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 below the roads instead

of over them.

23. GlsOUOoOoOOoO/OOooDoOoooooOoOoOo? 9
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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 are stored as a series of X, Y coordinate pairs
inside the computer's memory. Vector data are used to represent points, lines and areas. [ 2.11 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.

24. GlIsOOoDOoOOOOOOOOODODOODODOD 11
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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 [1 2.12 and [J 2.13). 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.
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Vector Point Feature

Point Geometry (indicates the x,y
and z position of the feature)

Point attributes (describe the feature)

Id, Name, Description

1, Tree, Outside our classroom
2, Light post, At the school entrance

g32zidbobobooX, yobobooboobo zobobobobobobooboooboobooooo
ubooooboooobOoobooooobooog
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Vector Polyline Feature

Polyline Geometry (a series of
connected vertices that do not form
an enclosed shape)

Polyline attributes (describe the feature)

Id, Name, Description

1, Footpath 1, From class to the playground
2, Footpath 2, From the school gate to the hall

g3 gbobobobobobobobooboooobobooo X,y(oooooobooboo
booooboooobooboobooooooo

3.1.

go
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Vector Polygon Feature

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

X——X

Polygon attributes (describe the feature)

Id, Name, Description

1, School Boundary, Fenceline for the school
2, Sports Field, We play soccer here
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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 always 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 boundaries of neighbouring polygons exactly coincide. We will explore this

in the [J [0 OO O topic later in this tutorial.
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36 0000 DOOOO

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.
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» Think of how you would create vector features in a GIS to represent real world features on your school
grounds. Create a table of different features in and around your school and then task your learners to decide

whether they would be best represented in the GIS as a point, line or polygon. See [J 3.1 for an example.
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O 3.1: Vector data and geometry types
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Create a table like [ 3.1 (leaving the "geometry type" column empty) and ask your learners to decide on suitable

geometry types.
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Roof Colour: Red Roof Colour: Black
Has balcony?: Yes Has balcony?: No

Year Built: 2000 Year Built: 2002
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gbooooboooco.oobooboobooon

The geometry of these house features is a polygon (based on the floor plan of the house), the attributes we have
recorded are roof colour, whether there is a balcony, and the year the house was built. Note that attributes don't
have to be visible things --- they can describe things we know about the feature such as the year it was built. In
a GIS Application, we can represent this feature type in a houses polygon layer, and the attributes in an attribute
table (see [1 4.3).

& Quantum GIS - 1.0.2-Kore EasternCapeVectors [=E]x]
File Edit View Layer Plugins Toocls Tools Help h

T EddoRRELPE W
ZL.LOORKR S RO Py D HiAN -
2RARAALQLO PLEAESPRER

Legend 3]
houses

' Black

. M Red

v| o= Building Points
v o, Trees

v\t Roads

v\t Road Outlines
v . Water Bodies
v\t Rivers

¥ v, Spot Height

v §§ Aol

v k Contours

v . Building Areas
v @ River Areas ol104
115
L J d 2009

B e 7
There is a new plugin available 26.0722,-32.0766  Scale | Render

o Attribute table - houses E"EIE
=]

id  RoofColour HasBalcony DateBuilt

0 0.01 7
212 T 1 degrees
J1181
21247
21205

L1354
453“
%8 ‘

- G- - G - T B T

1 0 Red 1|2000
2 1 Black 1/2008
3 2 Red 12001
4 3 Black 02004
Search for[ ]in [RoofCoIour :H Search Hselect :][Advaﬂced...]

043 00000 000000DOO0OO0DOOOODOOODOOODOOODDODOODOOOODODO OO
gboogo@o)boooooooooooooboooooooooobooobo oboobooboooooooan
gboboooboooooooboooobooboooooboon

GgIsO00o0O0OO0o0o0oooooooooooooooooooooooDDODODOOObObO0oOoOooooon
ubboobooboooooooooobooobooooooooooooobobo cISObooooooon o

32 040 00000000



Gentle GIS Introduction

440000000000DOOOODOOOOODOOOODODOOOOOODODOOOODDOOO

ZLLABARGERTRO PO SN WWAANTDE
PRARALRO »IEPESORR
e ..

R&®Q

T egoes

-

I oo

e YO

i

oo

044 6lIS0000000O0oOOo0o0o0ooobo0oooooOooooooDoboooooooooooDDoboOO
oboooobooboooooboooobooboooobobooooobobooobooboooooon

gooooo

goboooboooobooooooboooboboooooooboooboooobo eISOboooooooooon
gbooooboboooooboboooboobooooboboooooono

obooooboobooo boboob ooboooboooobooboooobOoobooOoobOoboOoocbooobooon
oboooooboobooooobooooboboooobooboooobo o4s5bbO0oaGISOOooDoOon

gboooooao

[-Jalx!

v\ Road Outlines
v @ Water Bodies
v '&\ Rivers

¥ +%, Spot Height

v § nol

v 'Lf\ Contours

v @ Building Areas
v @& River Areas

.13.

B B - B - G-

=

ﬁ Quantum GIS - 1.0.2-Kore EasternCapeVectors
File Edit View Layer Plugins Tools Tools Help
o e iy
TEEdd o RREPPPE LR Q
ZLWLIOD XL RO PID AN -
eRIARAQQ0 »RE2as
Legend B ®
houses
- Mk Black
| %, Building Peints
] vs, Trees y S1384
v Roads

.....

5

CQGIS 2009

There is a new plugin available 26.07573,-32.00474 Scale v| Render

Attribute table - houses

OEEEaZ

S EYES

id RoofColour HasBalcony DateBuilt
1| 0 Red 1 2000

- DT

3 2 Red 12001

B oo | ol |

-

Search for [Black ]in [RonfCoIour :H Search Hselect

:] [Advaﬂced...]

oren,

o

045 6GlIS00ooooooooooooooboooooooooooboooooooooooDboboOoog
gboooobooboooooboboooooboboooboOobooooobobooooOoboon

oboooooooboooobooboobooobooooooooobooobooboooboooobooOoooaon

41. OO

33



Gentle GIS Introduction

gboooobobooooobooooboboooobooboooooboooobobooobooobon
gbobooobooobooooooobooboooboooobooobooooOooboooocISoboooon
goboooboobooooobooooboooooboooooobobooobooboooboooooboboooaIs
oboooooboooooooboooobobooogoboobooooboooobDobooooDboOoo
gboooobobooooobooooboboooobobooooboobooooboboooboooboon
obobooobooooobooboooobooboooboOoboooooboboooooboooo

gobooboboobooobooboobobboobooo

gbooooboobooboooobobooobooboooooboboboobboobooooooon o
oboboooobooboooboboooboooooobOobOo oo obooobooooboOobOoboooon
oo d4e00000000O

Geometry Aftributes

Foint Folyline Folygon

O46: 000000000000

42 00000

Attributes for a vector feature are stored in a table. A table is like a spreadsheet. Each column in the table is called
a field. Each row in the table is a record. [J 4.1 shows a simple example of how an attribute table looks in a GIS.
The records in the attribute table in a GIS each correspond to one feature. Usually the information in the attribute
table is stored in some kind of database. The GIS application links the attribute records with the feature geometry
so that you can find records in the table by selecting features on the map, and find features on the map by selecting

features in the table.
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0 4.1: House Attributes: An attribute table has fields (columns) and

records (in rows).

000000 ODO0O0001:YearBuilt OO0OO00O0O 2: RoofColour OO0 O0O 3: Balcony

oooogil 1998 O Yes
ooog 2 2000 O No
ooogd 3 2001 oo Yes

Each field in the attribute table contains a specific type of data --- text, numeric or date. Deciding what attributes
to use for a feature requires some thought and planning. In our house example earlier on in this topic, we chose
roof colour, presence of a balcony and year of construction as attributes of interest. We could just as easily have

chosen other aspects of a house such as:
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Setting colours based on discrete groups of attribute values is called Graduated Symbology in QGIS. The process
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is shown in Illustrations [ 4.9 and O 4.10. Graduated symbols are most useful when you want to show clear
differences between features with attribute values in different value ranges. The GIS Application will analyse the
attribute data (e.g. height) and, based on the number of classes you request, create groupings for you. This process
is illustrated in [ 4.2: graduated colour breaks up the attribute value ranges into the number of classes you select;

each class is represented by a different colour.
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In the previous section on Graduated Colour symbols we saw that we can draw features in discrete groups or classes.
Sometimes it is useful to draw features in a colour range from one colour to another. The GIS Application will
use a numerical attribute value from a feature (e.g. contour heights or pollution levels in a stream) to decide which
colour to use. [J 4.3 shows how the attribute value is used to define a continuous range of colours. Continuous
colour symbology uses a start colour (e.g. light orange shown here) and an end colour (e.g. dark brown shown

here) and creates a series of shades between those colours.

O 4.3: Continuous colour symbology
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46 0000000

Sometimes the attributes of features are not numeric, but instead strings are used. 'String' is a computer term
meaning a group of letters, numbers and other writing symbols. Strings attributes are often used to classify things
by name. We can tell the GIS Application to give each unique string or number its own colour and symbol. Road
features may have different classes (e.g. 'street’, 'secondary road’, 'main road' etc.), each drawn in the map view of
the GIS with different colours or symbols. This is illustrated in [ 4.4: unique attribute values for a feature type

(e.g. roads) can each have their own symbol.

O 4.4: Unique values and symbols
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» Using the table that you created in the last topic, add a new column for the symbology type you would use

for each feature type and have the learners identify which symbology type they would use (see [J 4.5 for an

example).
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O 4.5: Example Feature Types and Symbology
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In this section we will look more closely at the process of creating and editing vector data --- both the geometry

and attributes of vector features.
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Just like these other applications, GIS Applications can store their data in files on the computer hard disk. There
are a number of different file formats for GIS data, but the most common one is probably the 'shape file'. The name
is a little odd in that although we call it a shape file (singular), it actually consists of at least three different files

that work together to store your digital vector data, as shown in [J 5.1.

O 5.1: The Basic Files that make up a 'Shapefile'
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For the attributes we would want a field for each thing that describes the sample site. So we may end up with an
attribute table that looks something like [] 5.2.
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O 5.2: River Attributes

oooooooo pH DO CB OO ooad ao

1 7 6 N 00 Patience  2009/12/01
68 5 Y 000 Thabo 2009/12/01
3 69 6 Y 0o Victor 2009/12/01

Drawing a table like [ 5.2 before you create your vector layer will let you decide what attribute fields (columns)
you will need. Note that the geometry (positions where samples were taken) is not shown in the attribute table ---

the GIS Application stores it separately!

54 0 000000OO0O0ODOOODOO

gobooooGiIsooogooooogobooogooooooobooboobooboooobooobooOoo
gbooouobdoboobooboboooobobooobooboooooboooooboobo

gbooooooaeISobobooooooboboooobooboooooobobooobooobooboon
obooooooboooooooogobboo o s3pomooboobboobobooooooobobooogoo
gbobooobobooooobooooboobooooboboooooboooooan

( New Yector Layer ' 7] x|
File Format |ESRI Shapefie v
Type
(@ Point [} Line [} Polygon
Atbributes
Mame (| |
Type [String | v]

MName | Twpe |
Tvpe Skring
MNotes Skring

][ o

os3000b0o0obooooboobooooooobooooobooooboooboooooboooaon
gbobooooobooooobooooboboboooboboboooobobooo

48 Os00000D0O0OO



Gentle GIS Introduction

Next you will add fields to the attribute table. Normally we give field names that are short, have no spaces and
indicate what type of information is being stored in that field. Example field names may be 'pH', 'RoofColour’,
'RoadType' and so on. As well as choosing a name for each field, you need to indicate how the information should
be stored in that field --- i.e. is it a number, a word or a sentence, or a date?
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The shapefile format allows you to store the numeric field information as either a whole number (integer) or a
decimal number (floating point) --- so you need to think before hand whether the numeric data you are going to

capture will have decimal places or not.
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Sometimes using a low spatial resolution is useful when you want to work with a large area and are not interested
in looking at any one area in a lot of detail. The cloud maps you see on the weather report, are an example of this
--- it's useful to see the clouds across the whole country. Zooming in to one particular cloud in high resolution will

not tell you very much about the upcoming weather!
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* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195

Website: https://en.wikipedia.org/wiki/GIS_file_formats#Raster_formats
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0oo:

* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986
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* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195

* Galati, Stephen R. (2006): Geographic Information Systems Demystified. Artech House Inc. ISBN:
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The map border is a line that defines exactly the edges of the area shown on the map. When printing a map with a
graticule (which we describe further down), you often find the coordinate information of the graticule lines along
the border lines, as you can see in [ 9.5.
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* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
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There are several variations in buffering. The buffer distance or buffer size can vary according to numerical
values provided in the vector layer attribute table for each feature. The numerical values have to be defined in
map units according to the Coordinate Reference System (CRS) used with the data. For example, the width of a
buffer zone along the banks of a river can vary depending on the intensity of the adjacent land use. For intensive

cultivation the buffer distance may be bigger than for organic farming (see Figure [J 10.5 and [0 10.1).
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O 10.1: Different buffer distances to rivers based on adjacent land use.
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* Galati, Stephen R. (2006). Geographic Information Systems Demystified. Artech House Inc. ISBN:
158053533X

* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195
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* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005): Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195

* Mitas, L., Mitasova, H. (1999). Spatial Interpolation. In: PLongley, M.F. Goodchild, D.J. Maguire,
D.W.Rhind (Eds.), Geographical Information Systems: Principles, Techniques, Management and Appli-
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Lerato Nsibande --- Video Presenter. Lerato is a grade 12 scholar living in Pretoria.

Lerato learns Geography at school and has enjoyed learning GIS with us!

Sibongile Mthombeni --- Video Presenter. Sibongile lives near Johannesburg with her
young daughter. Her goal is to continue her studies and become a nurse. Working on this
project was the first time Sibongile used a computer.
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