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Preparation: installing & setting up of QGIS

Introduction

Quantum GIS (QGIS) is a friendly open source geographical information system (GIS) software
which is compatible with many operating systems such as Android, LINUX, Windows and Macs.
[t supports numerous spatial data formats that come as vectors or raster data. It has a wide range
of plugins which can be remotely installed to provide additional functionalities for handling
spatial data and perform complex spatial analyses. More information about QGIS can be accessed
on https://qgis.org/en/site/.

Installing the QGIS Desktop version 3.2.0 (Bonn)

The latest version of QGIS is version 3.2.0 which can be downloaded from the web link on
https://qgis.org/en/site/forusers/download.html.

Download for Windows: QGIS is available for PCs with system types that are 32- or 64-bit. You
can check your computer’s system type by:

e Opening the This PC folder
e Right-clicking on This PC icon and click on Properties

(_ v 4 BH 5 ThisPC
# Quick access  Folders (7)
[ Desktop 3D Objects Desktop L Documents Downloads J‘ Music
& Downloads ] =
5 Documents ~ Devices and drives (3)
=) Picrures Windows (C) Recovery Image (D% Anwar's External HHD (E)
Datafiles - ] [ |
Images W 357 G fres of 434 GB ¥ 366 GB free of 205 GB Mgy 76 GE fre= of 831 GB
KDEs
Shapefiles
2% Dropbox
& OneDrive
[ This PC
Expand
= Anwar's
& Manage
e Network Pin to Start
Map network drive.
Open in new window
Pin to Quick access
Disconnect network drive..
Add & network location
Delete
Rename
[ Properties

o C(Clicking on Properties will bring up a window called System. This shows details of the
computer’s specification. You can access information about the type of system you are
using (see section highlighted in blue)

3 system - m}
4 5 Control Panel » System and Security > System v ® | Search Control Panel p
Control Panel H . .- . 9
eniretfanelfome View basic information about your computer
® Device Manager Windows edition
% Remote settings Windows 10 Home -- .
& System protection © 2018 Microsoft Corporation. All rights reserved. . \NI n d OWS 1 0
) Advanced system settings .
System
Processor: Intel(R) Core(TM) i5-6300U CPU ® 2.40GHz 2.50 GHz
Installed memory (RAM):  8.00 GB (7.88 GB usable)
| system type: 64-bit Operating System, x6d-based processor || I
Pen and Touch: No Pen or Touch Input is available for this Display

Support Information
Computer name, domain and werkgroup settings

Computer name: DESKTOP-5852KFQ G Change settings
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Make sure to download the correct application that corresponds with your computer’s operating
system:

e Users with a 64-bit Windows OS should download the latest version of QGIS by choosing
the application QGIS Standalone Installer Version 3.2 (64 bit).

o Users should select the latter QGIS Standalone Installer Version 3.2 (32 bit) if the
machine system is a 32-bit Windows 0S

Standalone installers from 0SGeo4W packages
Latest release (richest on features):
F Y ‘ e QGIS Standalone Installer Version 3.2 (64 bit) a
md5 &
F 3 ‘ e QGIS Standalone Installer Version 3.2 (32 hit) a
md5 o

Download for Apple/Mac OSX: for Apple/Mac Users: expand the section Download for Mac
0SX and select QGIS macOS Installer Version 3.2 to download the latest application of QGIS on
your Apple/Mac computer

Download for Mac OS X v

Latest release (richest on features):
Mac Installer Package for macOS Yosemite (10.10) and newer.

Installation instructions are in the Read Me on the disk image. This package uses the
python.org Python 3.6 a
, at least version 3.6.5, the "macosx10.9" build - other distributions are not supported. Install packages in the numbered order.

i ‘ e QGIS macOS Installer Version 3.2 g

Download the application of QGIS, and install the software onto your computer. Before installing
the software ensure to have at least 1.9 GB free storage space on your console. Installation of
QGIS will result in seven different being application being installed which is fine. These are listed
accordingly:

e 0SGeo4W Shell

e QGIS Browser with GRASS

e QGIS Browser

e QGIS Desktop with GRASS

¢ QGIS Desktop

e QtDesigner with QGIS custom widgets
e SAGAGIS

We will only be interested in QGIS Desktop (only) as it will provide us with tools to do the
practical lessons.
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Important note for Apple/Mac OSX users: the images presented throughout the course were
generated from a Window OS 64-bit console. Nevertheless, the images and instructions presented
in these lessons should not differ. An Apple/Mac user should able to follow the tutorials as well.

Setting up, and being familiar with QGIS

When the installation of QGIS is complete, the icons for opening the software will be hidden in the
Start windows section where all applications are listed. Do the following to open QGIS Desktop:

e Click on the Start windows button E and browse through the applications that have
been listed in alphabetical order. Browse down to the letter Q where you should see QGIS
3.2 folder annotated as new

o Expand this folder by clicking on it. There will be 7 other applications. The one we want
to open is QGIS Desktop 3.2.0 (only)

F
e C(lick on the icon to open QGIS Desktop 3.2.0
When opening QGIS for the first time, you are greeted with a brand new window which looks like
the example below:

BN Herr sRPP A AREN - =P
= |

xxxxx &% Recent Projects
R Yi-37

Ready Coordnate ® Scale|:29,854,201 | @ Megntier|100% 2| Rotation (0.0 i Render ®EPSG4326 @

This is QGIS main interface. The interface has three components for which the user must be
familiar with:

The section labelled 1 is home to the menu and toolbars. This tool allows the user to access
various menu tabs such as the Project, Edit, View, Layer and Plugins. The menu tabs are position
on top of the toolbars. The toolbars correspond to the various icons which allows the user
immediate access to some functions.

The section annotated as 2 is the Table of Contents or Layer Panel. It enables the user to see
which list of spatial and non-spatial data are loaded into QGIS.

The section labelled as 3 is the Display window. It shows which spatial data are active in our
Layer Panel. Here, we can visualise our spatial data and see constructions of our maps.
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There are some additional toolbars that we will need for the tutorials - we need to activate the
Manage Layers Toolbar, and Geoprocessing Toolbox.

To activate the Manage Layers Toolbar:

e (o to the menu tabs and click on the following: View > Toolbars > Manage Layers Toolbar.
o This toolbar should appear of the left-side of Layers Panel. This is an important toolbar as
icons will allow the user to quickly add spatial and non-spatial into QGIS
To activate the Geoprocessing Toolbox:

e (o to the menu tabs and click on the following: Processing > Toolbox

e The toolbox should appear of the right-hand side panel of the Display window. This is
another important tool as it contains various function for conducting spatial analysis in
QGIS

“\Hu2swe42 R E

s #* Recent Projects Processing Toolbox ]
R o X

DB ABNS NS

Ready Coortinate ® Scole[:20,654291 | @ Magofier[100% 5] Rotation [0.0° _|2| (A Render @ EPSG:4326 @

There are some basic functions in the toolbar will use often during the tutorial series. Here are
some of the functions in the Menu’s and Layer’s toolbars:

Some useful toolbars icons

Icons Descriptions

D To open a new QGIS project

To open an existing QGIS project from a folder
Save

Save as

Create a new print composer

To manage existing print composers

To pan active layer

& & ) 80 00
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o

To zoom into active layer

P = To zoom out of active layer

32

To zoom to full extent of active layer

Some layer toolbar icons

Add vector data to layer panel

'D Add raster data to layer panel

Add attribute (or comma separated value) data to layer panel
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Lesson 1: Adding spatial vector data in QGIS

Introduction

We will learn ways to add various types of vector spatial data into QGIS. It should be noted that
are two distinct formats in which geographical information can be displayed - these are known
as Vectors or Raster.

Vector data: [s a representation of the world, or any spatial outcome that’s represented by points,
lines or polygons. A vector is typically useful for storing data that has discrete boundaries, for
example, country boundaries, streets and individual point locations of places (i.e. a town or city).

Raster data: [s a representation of the world, or any spatial outcome, as a surface that’s divided
into grid cells. A raster very useful for storing data that varies continuously on a surface. A typical
example includes surface elevation, concentrations of ambient particulate matter, population
density or satellite images.

For now, we will be focusing of vector data (later, we will learn more about raster data). We will
learn how to add vector spatial data into QGIS and construct a basic atlas of Africa showing its
major cities and how their roads are connected.

If you have not already, please make sure to download the corresponding dataset for
lesson 1 by going to our website on http://development-frontiers.com/tutorials/

Opening and saving a new project in QGIS

™
Open QGIS Desktop 3.2.0 by clicking on the icon and you will be greeted with a blank
window which reads Recent Projects. We are going to open a New Project for this practical session
and save this project as “Lesson_1.qgs”:

e (lick on the icon D located in the toolbar to open a New Project

G2 Untitied Project - QGIS - o X
Erojet

w Layer Setings Flugins Vedor Raster Defsbase Weh Processing Help
e = (3] (v o =
Y PR b+ o)eyey . T~ -

B e 3 o
LL A [u] “W El %5 ®R 200 B 45
¥

o) #* Recent Projects Processng Toolbox & x
sARTE~-FR vy 5

Clicking on the New Project icon should refresh QGIS to the Display Window. You can save
i
projects by using the save icons - Save as to save a project for the first time; and
=]
Save for overwriting or updating exist projects.
=]

Click on Save asicon = and a Save As Project window will appear. Name this project by
typing “Lesson_1" in the File Name: bar and click on the save button to save it.
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G

& Save Project As

x
LN
« <+ UCL_FCLP > Wordpress work > QGIS_tutorials 2
Organise ~ New folder - g
Lk Tutorials ~ Frocessing Toolbmx &x
3T 5 A
Wordpress_work Datasets
® Creative Cloud File Recently used
@ cartagraphy
&F Dropbox Q@ "
& OneDrive
 This PC

G

~ Anwar's External

b Network

v o<

File name: | Lesson_1

Save as type: QGZ files (*.qgz)

A Hide Folders Cancel

Q) vector table

When working in QGIS it is always good practice to save your project frequently. This feature
saves you progress, and so if you were to close QGIS and re-open the application, your project will

be listed in the Recent Projects menu. The user can select project to continue where s/he had left
off.

G Unititied Project - QGIS - -] x
Project Edt View Loyer Sewngs Fugns Vedor Raser Dasbase Web Processng  help
g, S & *W ([ o -~ -
H F IAe2eaRBPPD RS 2
L LAy A. [ = e e
P 4
Layers 5 x 4 Processing Toolbax o x
v Recent Projects
"‘ “«A®RTo-BA0 -
- Lesson_1
L E:\UCL_FCLP\Wordpress_workiQGIS_tutorials\| esson_1.902 Recently used
Y EPSG:4326 (WGS 84)  atbutes by locat...
£
o # cip
vl Merge lines
2 - Q cartography
@ - @ Dotabase
P
V- Q Layer toois
@ wemwork analysis
@ Raster analysis
@ Raster terrain analysis
@ Raster tooks
@ Vector analysis
3 vector creation
& sopts
Ready Coordinate| ® scale[137,517,365 | @ Magnier[100% 3] Rotation 007 5] [7] Render b Erscuszs @

Displaying vector data in QGIS

Let’s start to view some spatial data in the Display window. We are going to construct a basic atlas
of Africa which shows the location of major cities and road networks. We have the following

vector data (or shape files (.shp)) for the whole of Africa, the 349 major cities and over 200,000
roads.

e Africa_countries.shp
e Major_cities.shp
e Major_roads.shp
Let’s load these shape files starting with Africa as the base layer to our Display window:

e (lick on the Add Vector Layer icon =

in the Layer Toolbar. This will bring up a small
menu called the Data Source Manager
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Q
0

g

EEY ¥ FRYT

BRRRA NP2 R8P A LRERNR @6 -N-2-LEEWE s-° T
[ = @ @ ¢ “wEHws%ser R B

L2yars Q) Data Source Manager | Vector 7 x Processing Toalbax ax
e A ®Y 5~ NADE S
Cl Saurce type [ search

v Recently used

® File O Directory O Database O Frotocol: HTTR(S), doud, elc. W Clip raster by mask layer
¥, Zonal statistics
Encoding uTF-8 - # dip

P Dissohe

Source:

& Difference
F.mmm(,;' ; i ican._cauntries shp | a\D # Joi stributes by locabon

Q Cartogeaphy
Q Database

Q File toals
Q Graphics

Q@ interpolabon

Q Layer tools

@ Metwork analyss

Q@ Raster analysis

Qi Raster terrain analysis
Q Raster wols

@ Vedtor analysis

Q Vector ereation

@ Vedtor general

Q Vedtor geometry

Q vector averiay

Q@ Vector selection

Q@ vector table
 coAL

@ GRASS

#s Modals

& saGa

& seipts

cm«u-w

po ta locots (Ci+k) | 1 legend antries removed. Coordinote 85.0.26.0 (% Scele[:38.037.763 | @ Mognifier[100% (=] Rotabion (0.0° '¢| [ Render @ EPSG:4326 @

e Data Source Manager allows the user to navigate the directory to select their data. Click

on the Browse button III and go to the location of your downloaded data and select the
shape file African_countries.shp

e The selection and the path to the shape file’s location will be shown in the Vector
Dataset(s) panel

e C(Click on the Add button to add shape file into the Display window

e C(lick Close to close the Data Source Manager menu

@
0

Vo
b
%
.

Lesson_1 - QGIS - = x

Project Edt View layer Setings Flugins Vector Raster Database Web Processing Help

BREER VLS ANPPRAAEBIL 0.6 -6 -,0EEE = 7"

P /BRRFaxEHoe "mqmugaeet @B

Layers &% Procassing Toolbox 8%

RS AR B Jv | ®eo
I = Ml African countries Q search,
1 1 » Recently used
Q Cartograghy
» @ oaabase
Q File wols
> @ Graphies
> @ mterpolation
Q Loyer tools
> @ Hetwork analysis
> @ Raster analysis
Q) Raster terrain analysis
> @ Raster tools
Q Vedor analysis
> @ Vector creation
@ vector geners
Q@ Vector geomstry
> @ Vectar overlay
Q Vedor salection
Q@ Vectar toble
> G0AL
& GRASS
% Models
> @ sach
& Serpts

O Type b foete (oK) | 1 gl ekien rereoed. Coortnte 171,422 8 See] 41,600,625 <] @ o105 2] Rotsten [p0°[5] B herder @ EPiGeae @

The shape file for Africa has been added as a layer - you can see this in Layers Panel. The contains

th

e boundaries of All African countries. This vector data is a typical example of a polygon. Now
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let’s include road networks in Africa and the cities to the atlas - repeat the above steps by adding
the data in the following order: Major_roads.shp and Major_cities.shp.

PRABBIIee HN-a-LEEHEs-¢ T

15 R
v Layers 8 x Processing Toolbox 8 x
"’ “HwTE-BAO e
G | |&2® Major cities [
L (2 Major_roads Recenty used
- i Ml Atrican_countries @ Cartography
3 Q@ Database
% Q File tools
@ Graphics
- @ Interpolation
Q . Q@ Layer tools
Q Network analysis
@B @ Raster analysis
XI‘. - Q Raster terrain analysis
V‘E i A, Q Raster tools

Q Vector analysis
@ Vector creation
Q Vector general
@ Vector geometry
Q Vector overlay
Q Vector selection
Q Vector table

& ooAL

@ GRASS

*s Models

S sach

& saipts

X Type to locate (Ctri+K 1 legend entries removed. Coordinate| 12,434 |® Scale[:41,680,625 v|@ Magnifier100%  [3] Rotation [0.0° =] [ Render @ EPSG:4326 @

As you can see, the shape files for the roads and cities have been added as layers in the Layer
Panel. The brown dots correspond to the point location of cities, and the roads are represented
by the green lines. The vector data for the cities are classed as points, whereas those for the roads
are termed as lines.

Changing the visual and colour properties of vector data

At the moment - the image in the Display window does not qualify as a decent atlas. We are going
to modify the colours and symbology for Africa, the roads and the cities; and show the sea
surrounding the continent. Let’s give Africa a land colour of bone yellow:

-
DeERBE (P2 LsNPPALRERR G e wEEMIs-2r-
yJee £ T €0 | @ Layer Properties - Atrican_countries | Symbalogy ? *
Loyers ax Ing Tootbox ax
= Single symiol -
Vo [vawve-amn B sege D & A
B )
] * Major_cities et
9, | = S ] simpla i fity used
o
£ fatabase
e tools
8 * 3| [0 = = raphics
*1' Peerpolation
@ - Symbol layer ty Simple fil = Byer toals
1 twork anah
R —_— S e onayss
7 - e Tranarent I <] 45 faster terrain analysis
] faster taois
Mg Stroke col * S fecor snayss
Stroke wid @ 2] [Milmeter  ~| 45 [P crecten
foctor ganers!
Stroke styl = €% [actor grometry
_ fector overiay
o se =1 sl
5l fector tabie
< Mlmear - .
= RASS
fodels
Baca
beripts
o concel | aooy ey
T

o Right-click on the layer African_countries in the Layers Panel and select Properties
o The Layer Properties menu for African_countries will appear - on the left-hand side of the
menu, select Symbology.
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o Select Simple fill to change the fill colours of the polygons. This is located on the top of the
right-hand side panel of the Layer Properties menu

e C(lick on the selection bar of Fill colour to select the desired colour. Here, should reveal a
colour-wheel.

® You can rotate the Triangle by dragging the vertical bar around the colour-wheel to select
a colour - this is referred to as Hue region. Lightness of the colour is controlled by
dragging the circular held within the Triangle. You can play around with the colour
parameters and try to select one that represents a bone yellow colour

e (Click on Apply and OK

1 legend entries removed. Coordnate|-30.4,43.9]% Scale[:41,690,625 <@ Megnifler|100% (2] Rotaton [00° 15| [ Render @ EPSG4326 @

You repeat the above steps for changing the colours for the roads and cities by going into their
properties. When you access the Symbology menu for the lines and point data - ensure to select
Simple Lines and Simple marker, respectively, in the right-hand side panel of the Layer Properties
to change their appearance.

You can play around to make the following changes:

e Major roads - choose Dark Grey colour and Stroke width (line thickness) 0.15mm
e Major cities — choose Black colour and Size (diameter of point) as 1.0mm
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1] African_countries

Processing Toolbox
LSEE N

& x

Recently used

Q Cartography

Q vatabase

Q File tools

Q Graphics

@ mnterpolation

@ tayerools

Q Network analysis
@ Raster analysis
@ Raster terrain analysis
Q Raster tools

Q Vector analysis
Q vector creation
@ vector general
@ Vector geometry.
Q Vetor overlay
Q@ Vector selection
Q Vector table

@ coAL

@ GRASS

% Models

& saca

2 soips

We can change the background colour of the Display window to represent the sea surrounding
Africa. This can be done by:

Click on the tab Project located on the top Menu toolbar, and then click on Properties
The Project Properties menu will appear - click on the arrow for the Background colour

section and select Sea Blues from the colour-wheel
Click Apply and OK

-
D-‘ = = ey s S & ADD ( L] = 2o 1 =- =
DEBRER OPLPLRPPLMEBH e BERI=s-T
y.J 8B 0 > SQENERNB
s Loy s L2 @ Project Properties | General ? X .:“"“"9 ool B
CANY ) 2
v
o ¥ Generai settings
9 2 Projectfile |E:\UCL_FCLP\Wordpress_work\QGIS_tutorials\Lesson_1.qgz Recently used
o "
7 & African_countries Pt Korse Q canograpty
a = Q Detabase
ﬂ Project title Q File tools.
" Selection color ~s2cground color - Q Graphics
(] Sove et e Default Color Q mnterpolation
@ - Q Layer toois
e ] Avold artfacts when project s rendered as map tles: . Q Hetwork analysis:
@ Raster analysis
@ - ¥ Weasuremants @ Q Raster terran anayss
Ellipsoid @ Raster tools
e~ (for dstance ond area cokculotions) W05 4 4 “ Q vector anaysis
Sermbimagor (6,37 o Q Vector creation
Units for distance measurement Meters .. Q@ Vector genersl
@ Vector geomatry
Units for aren messurement Square maters -

¥ Coordinate display
Displey coordinates usng | Map unis (degrees)

Precision ® Automatic O Manual

¥ [] project predefined scales

amllwlm

1 fegend entries removed.

Q Vector overloy
@ Vector selecton
@ Vector table
& COAL

@ GRass

s Models

© saGa

A Sorpts

2] Rotation [0.0° 2] £ Render

@ ersGia3ze @
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The resulting atlas appear as follows in the Display window:

Processing Toolbox 8 x
- e

Layers 8x
Y&-320
+ Major_cities

Major_roads

African_countries

Recently used
@ Cartography
base

ORR &

Now that we are done constructing our Atlas, we can end this project by saving it - click on the
=
save icon to save and overwrite “Lesson_1.qgs”.

Summary

We constructed a basic Atlas showing the locations of big cities and roads in Africa, and
familiarised ourselves with adding shape files in QGIS, and knowing what constitutes a point, line
and polygon data. Finally, we learnt how to modify the appearance of these vector data by
accessing their properties.

In the next tutorials, we will focus on the data science of managing spatial layers - the optimal
way of arranging vector layers in the Layer Panel and modifying their properties for optimal
visualisation. We also learn how to import spreadsheet data containing attribute information and
perform spatial joins. Ultimately, these techniques will be used visualise the distribution of
poverty in Nigeria.
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Appendix: Lesson 1

Data source(s)

Datafile Format Source

African_countries  Shape file  https://gadm.org/download world.html

Major_cities Shape file  https://gadm.org/download country v3.html
Major_roads Shape file  http://www.diva-gis.org/Data

Citation(s)

1 Global Administrative Areas (2012). GADM database of Global Administrative Areas, version 2.0. [online]
URL: www.gadm.org
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Lesson 2: Layer management and properties in QGIS

Introduction

In the previous tutorial - we learnt how to add vector to QGIS; however, we did not discuss about
layer management. When adding spatial data QGIS will arrange them in such manner whereby
the layers are superimposed on top of each other. It is important to note that a layer like those of
polygons, when its superimposed on point or line data - can completely mask information of
points and lines. Similarly, for polygons as well - for example, the extents of a district can be
masked out completely by a higher administrative boundary (e.g. state- or country-level).

In this tutorial, we will strictly be dealing with vector polygon data. Here, we will focus on
effective ways of layer management and further ways for modifying the properties of the layers.
Further layer management includes spatial joins to harmonise spatial and non-spatial data.
Ultimately, these techniques will lead us to construct an Atlas for Nigeria showing the burden of
poverty across all districts.

If you have not already, please make sure to download the corresponding dataset for
lesson 2 by going to our website on http://development-frontiers.com/tutorials/

Layer management

s
Open QGIS Desktop 3.2.0 by clicking on the icon and then open a New Project for this
practical session and save it as “Lesson_2.qgs”

Let’s begin by adding all at once the following vector layers into the Display window:

e African_countries.shp (shape file for all countries in Africa)

National_boundary.shp (shape file for Nigeria’s national borders)

State_boundaries.shp (shape file for Nigeria’s state borders)
Local_Government_Authorities.shp (shape file for Nigeria’s districts)

You can load everything in to the Display window by selecting the files with extension (.shp) by
holding the CTRL button each time you click on a shape file:

e (lick on the Add Vector Layer icon = in the Layer Toolbar. This will bring up a small
menu called the Data Source Manager

e Data Source Manager allows the user to navigate the directory to select their data. Click

on the Browse button “**' and go to the location of your downloaded data and select the
listed shape files by holding the CTRL button and clicking on them. Make sure to select
only files with extensions ending with (.shp)

o The list of selected files will appear File name. Click on Open

e C(lick on the Add button to add the shape files into the Display window

o C(lick Close to close the Data Source Manager menu
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The shape files for Africa, and corresponding national and administrative borders for Nigeria
have been added as a layer - you can see this in Layers Panel.

Layers

B x

é || African_countries

& [1] Mational_boundary
[ [ States boundaries

1 [ Local_Government_Authorities

Processing Toolhax
RAaOBN

& x

Search

~ Recenty used
& aip
P Dissoive
&' Offeranca
# Join ettributes by lecation
# Imersecson
+ Select by lacation
Q Cartography
@ Datsbase
@ File tools
Q Graphics
@ Interpolation
Q@ Loyer tools
@ Metwork analysis
@ Raster analysis
@ Raster tamain analysis
Q Raster tools
@ vector analysis
@ vector creation
Q Vector general
@ Vector geometry
@ Vector overlay
@ Vedtor selection
@ Vector mble
& GoAL
@ GRass
*» Models
& sacA
# scripts

Notice, the layers are arranged in orderly manner. You can inspect the order of the layers by

unchecking their tick boxes

The ideal arrangement of these layers are:

e Local Government_Authorties.shp

e States_boundaries.shp

e National_boundary.shp

e African_countries.shp
We can manipulate the layers by simply dragging them (up or down) to order in the Layers Panel:
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In theory, this is the ideal arrangement for most layers. However, it is not the OPTIMAL because
it deprives us for seeing States, to which, the Local Government Authorities (LGA) belong to.
You can zoom to the extents of Nigeria see this notion:

e C(Click on the Local_Government_Authority layer in the Layer Panel to highlight selection

e C(lick on the Zoom To layer icon L to view the extent of Local Government_Authority

- u}
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In order to the States without entirely covering the LGAs - we will need to first superimpose and
make this topmost layer and then manipulate its layer properties by rendering it transparent:

e Drag the State_boundaries shape file in the Layers Panel to the top

o Next, right-click on the State_boundaries and select Properties to access it Layer
Properties menu

o Select Symbology on the left-hand side of the Layer Properties menu

o Select Simple fill in the which is located in the top white box on the right-hand side of the
Layer Properties menu
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e We want to change two parameters: Fill style and Stroke width (i.e. line thickness). In the
Fill style select No Brush to render polygons transparent. Change the Stroke width by
typing 0.66 (in mm). Important note: the first action will let us see through the areas of
the State polygons so as to visualise the LGAs while enabling us to visualise its borders
as well. The second action will help us distinguish between the borders.

e C(Click on Apply and OK
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(@ mformation v [Lri
| LI simple fin |

J\_‘\\ Source

BoHEE

— _ Symbol layer ty Simple fil =]
: e
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Y]
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ﬁ Awiliary Storage Join siyle | Bevel R ="
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O oispizy

& Rendering

Bl vetodata
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Legend
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[T T concel | om0 v

Processing Toolbox & x
*e0
2 Seik
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& Difference
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'+ Select by location
@ cartography

» @ Database
Q File tools
Q@ Graphics
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@ Layer tools
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@ Raster analysis
@ Raster terrain analysis
Q Raster tools
@ Vector analysis
@ Vector creation
@ Vector general
@ Vector geometry
@ vector overlay
@ Vector selection
@ Vector table
& GoAL
@ GRASS
% Modeis
S saca
& Scripts

We've render the States layer transparent - we see through it areas to visualise the LGAs while,
at the same time, enabling us to visualise its borders.

Why don’t repeat the above steps for Nigeria’s national borders (National_boundaries) by making
this the topmost layer and applying the following changes: Fill style as No Brush and Stroke width
as 1.00 (mm).

Finally, lets add this change to the Local_Government_Authorities layer: Stroke width as 0.16 (mm).
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The resulting layer should be as follows:

o

This is the best arrangement for these type of vector layers. Let us add some final touches by
adding the colour of the sea, and changing the Fill colours for the LGAs and Africa countries
using Light Grey and Dark Grey, respectively. Do you recall the steps used in Lesson 1?

] rdinots| 6.33,6.00 W Scole[1:430542¢ +|@ Magnfier 100% [%| Rotation 0.0° %] [ Render @ EPSG325 @

Nice! We have established a good template to which we can construct our showing levels of

poverty. Now is great time to save our progress for this project by clicking on the save icon

Importing non-spatial data and performing spatial joins

We have provided a non-spatial data as an excel spreadsheet (comma separated values (.csv))
which contains LGA-level prevalence of poverty (the fraction of population living in poverty as
defined by $1.26 (= £0.96) a day) in 2010.

We can import this in the following steps:
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%%

Click on the Add delimiter icon and search for data set by clicking on browse button

- |. Select the excel sheet (.csv) NGA_Poverty_2010.csv

e Under File Format, click on the check box CSV (comma separated values) to tell QGIS we
are import a spreadsheet of this format
o Expand the Record and fields options and make sure the section First record has field
names is checked. Here, we are telling QGIS that the file has column names.
o Expand the Geometry definition and make sure No geometry (attribute only table) is
checked. Here, we are telling QGIS that this is a non-spatial dataset. Make sure as well that
the Geometry CRS is ESPG:4326 - WGS 84
e C(lick on Add and Close
O aD: ; 7Managel|DE\|m\wd Text o ? *
- [Fite Hame |c:tissersinviar Musah\Desktop|QGIS _Basics_datasets\NGA_Foverty_2010.co¢ al- T oo
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- O tom e G Raster terrain znalyss
V- e S

@ Vector creatian

@ Vector geners!

@ Vector geomatry
v

O Point coordinates
©) Visl known teat (WKT)

Geometry CRS

e wes e =
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P Layer settings
Sample data

LA D Oisncts Poverty Popuiabon  Belaw_125
1 HEAL11 AbaHarth 0.307 171282 52361
2 MGA121 AbaSeuth 0.307 388 118146
3 WGAL3L Arochubw 065 135106 878s4
4 WGA14_1 Bende 0617 2303 143037
5 MHGAL5L Dawuano 0566 126177 71441
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[] states_boundaries
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QGIS allows the user to access the attribute tables of both spatial and non-spatial data. To see the
contents to the imported data - you can simply right-click on NGA_Poverty 2010 in the Layers
Panel and select Open Attribute Table. You can see that the data contains five fields:

LGA_ID: Unique identification code for LGAs

Districts: The name of the LGAs in Nigeria

Poverty: Estimated levels (or prevalence) of poverty in a LGA

Population: Overall number of people in a LGA at 2010

Below_125: Estimated number of people living in poverty in 2010 (below $1.25 (= £0.96)
a day)
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U
4! & - T CE & - e
LGA ID Districts Foverty Fopulation Belows 125

1 NGA.2.9_1 Lamurde 0.744 143,860 107,006
2 NGA.2.8 1 Jada 0.727 86,132 62,585
3 NGA.2.7_1 Hong 0.722 267,997 193,544
4 NGA.2.6_1 Guyuk 0.743 141,691 105,253
3 NGA.2.13_1 Michika 0.679 119,368 81,090
6 NGA.2.12 1 Mayo-Bel 0.73 192,448 140,470

We want to map the field Poverty; however, we cannot do much with this attribute table unless
we merge it with some other spatial data. Now, open the attribute table for the LGA layer by right-
clicking on Local_Government_Authorities and selecting Open Attribute Table. You can see this also

contains five fields:

ISO3: A three-digit unique identification for a country
Country: The name country of LGAs

States: The names of Nigerian states
LGA_ID: Unique identification code for LGAs
Districts: The name of the LGAs in Nigeria

s
& @ & L T E&§ = | &
1503 Country States LGA ID Districts
NGA Migeria Adamawa MGA.2.11_1 Maiha
HNGA Migeria Adamawa MGA.2.10_1 Madagali
NGA Nigeria Adamawa NGA.2.9 1 Lamurde
HGA Nigeria Adamawa MGA.2.8_1 Jada
NGA Migeria Adamawa MGA.2.15 1 Mubi South
NGA Migeria Adamawa MNGA.2.14 1 Mubi Morth
NGA Nigeria Adamawa NGA.2.13 1 Michika

We can merge the attribute table (i.e. NGA_Poverty 2010) with our spatial data (i.e.
Local_Government_Authorities) using a common field, in which, its LGA_ID. To perform this spatial
join — you must:

e Right-click on Local Government_Authorities and select Properties to access its Layer
Properties menu
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On the left-hand side of the Layer Properties menu select Joins and click on the green plus
sign to choose the layer (or attribute table) you wish to join with
Local_Government_Authorities

Another menu called the Add Vector Join with appear. Under join layer select the attribute
table NGA_Poverty_ 2010

Next, under Join field select LGA_ID. Here, we are telling QGIS that we want to use the field
LGA_ID from NGA_Poverty_2010 as our joining field

Under Target field select LGA_ID. Again, we are telling QGIS that we want to use LGA_ID
from Local_Government_Authorities as our joining field

Check the tick box for Custom field name prefix and expand this section. Place an
underscore ‘" in the space.

Click OK on the Add Vector Join menu

Click Apply and OK to finalise joins

5]
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[ Hational boundary
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Join layer | NGA_Poverty_2010
Join fiekd e LGA_ID
Target fied < LGA_ID

] Cache join layer in virtual memary
rete attribute index on join ek
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Open the attribute table of Local Government_ Authorities to view it contents. As you can see,
spatial join has linked the two dataset via LGA_ID added the fields from the attribute table (i.e.
NGA_Poverty_2010). Now, let’s save this new spatial dataset as a shape file and name as
LGA_Poverty_Prevalence_2010.shp.

You can do this by:

Right-clicking on Local Government_Authorities and selecting Export, and then Save
Features as...

The Save Vector Layer as... menu will appear. Under Format select ERSI Shapefile

Under File name, click on the browse button | ** | and select the destination to save your
shape file. Here, name it as LGA_Poverty_Prevalence_2010.shp

Make sure the Coordinate Reference System (CRS) is set to EPSG:4326 - WGS84

Make sure the Add saved file to map is checked

Click OK
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This should add new shape file containing our estimates to Layers Panel. We have a quite a lot
data management in QGIS. We are now in the position to construct our poverty maps in the
Display window.

Map construction

We can generate a map showing the burden of poverty in Nigeria. The steps are as follows:

e Right-click on the LGA_Poverty_Prevalence_2010 and select Properties to access its Layer
Properties menu

e Ontheleft-hand side of the Layer Properties menu select Symbology tab and at the topmost
section of the menu select Graduated

e We want to display Poverty. In Column select the field name “_Poverty”

e In Colour ramp, click the arrow to expand the selection of colours and choose Spectral.
Choose Invert Colour Ramp as well to invert the order of Spectral colours.

e In Mode, you can specify the method for which classes are generated (i.e. equal interval,
quantile, natural breaks, standard deviation or pretty breaks). For this example - select
Pretty Breaks and type 10 in Classes to generate ten intervals

e C(Click Apply and OK
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The resulting map should be as follows:
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You can see the LGA-level prevalence of poverty in 2010 are represented as a legend under layer
LGA_Poverty_Prevalence_2010 with the lowest intensity represented by deep blues and highest
as deep reds.

Now that we are done constructing our Atlas, we can end this project by saving it - click on the
=]
w_|

save icon to save and overwrite “Lesson_2.qgs”.

Summary

We constructed a basic Atlas showing the LGA prevalence of poverty in Nigeria. We learnt some
steps on how manage layers to get the best arrangement for optimal visualisation. We done
further layer manipulation of layer properties and symbology. Finally, we conducted spatial
joining of both spatial and non-spatial data sets.

So far, we've only constructed our maps in the Display window. The next step is to learn how to

create high quality publication style maps in QGIS’ Print Composer - this is useful especially if one
needs to create maps for articles or share results with other stakeholders or researchers.
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Appendix: Lesson 2
Data source(s)

Datafile Format
African_countries Shape file
National_boundary Shape file
States_boundaries Shape file
Local_Government_Authorities  Shape file
NGA_Poverty_2010! CSv

Citation(s)

Source

https://gadm.org/download world.html

https://gadm.org/download country v3.html

https://gadm.org/download country v3.html

https://gadm.org/download country v3.html
http://www.worldpop.org.uk/data/summary/?doi=10.5258/SOTON/WP00200

1 Global Administrative Areas (2012). GADM database of Global Administrative Areas, version 2.0. [online]

URL: www.gadm.org

2 Tatem A], Gething PW, Bhatt S, Weiss D and Pezzulo C (2013) Pilot high resolution poverty maps, University of
Southampton/Oxford. DOI: 10.5258/SOTON/WP00200

1 Prevalence of poverty was calculated to LGA-level from raster data created by WorldPop.org.
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Lesson 3: Visualisation using Print Composer in QGIS

Introduction

Up until this point, we focused on layer arrangement and the constructions of atlas in the Display
window of QGIS. The maps made in the Display window are, however, not in a printable format. In
order to share maps whether it’s a figure image in an article or for researchers and stakeholders
- one can use the Print Composer tool to add finishing touches and export the maps to other
formats for printing.

You can create expert and professional maps using tool. It provides the user with a blank map
canvas to which you can add the constructed map from the Display window. You can use this
creative tool to add other important features such as the arrow, scale bar, legend, title and map
inset.

Here is an example of a completed map in Print composer:

Endemicity status for Soil-Transmitted Helminths in 2017

Nigeria
Endemicity status (2017)

- Non-endemic

Low endemicity

Moderate endemicity

- High endemicity

Unknown

7///////4 Endemic
o

N

Cameroon
Central African Republid

Disclaimer: The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the

o
ot >4
/ey
s

epnvi ‘v "! \\g World Health Organization conceming the legal status of any country, ferritory, city or area or of its authorities, or concerning the delimitation of its frontiers or
I I EXMMMA AN PhOERT ¥ i1 3 boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not yet be full agreement.
FOR ELMINATION OF P
E 31 NEGLECTED TROPKAL DISEASES (\gf:"lil’“*]*:""!‘(fj: Data source: Health Ministries & ESPEN partnership
e Map production: ESPEN/AFRO/WHO NTD Mapping project funded by the Bill & Melinda Gates Foundation.

©WHO 2018. All rights reserved.

This is an example of an epidemiological map showing details of the endemicity status of soil
transmitted helminth infections (an intestinal parasitic worm) in local areas of Nigeria2. Can you
spot all the important features and finishing touches for this map?

2 Source image: Expanded Special Project for Elimination of Neglected Tropical Diseases (ESPEN)
(http://espen.afro.who.int/countries/nigeria)

www.development-frontiers.com | 25



Take alook carefully at the image below. We have highlighted all the essential features that should

be included in a completed map.

2: Legend 5: Map canvas

Endemicity status (2017)

- Non-endemic

Low endemicity

- Moderate endemicity
B ion endemicity

Unknown

7 Endemic

3:

Map inset

Endemicity status for Soil-Transmitted Helminths in 2017 1:Maptitle

o Di - The ies and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the
“ i “ World Health Organization conceming the legal status of any country, territory, city or area or of its ifies, or ing the delimitation of its fronfiers or
I 1 ::;‘:::;E‘::“m 55 j boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not yet be full agreement.
Esfin s mmosags  World Health Data source: Health Ministries & ESPEN partnership
9 Map production: ESPEN/AFRO/WHO NTD Mapping project funded by the Bill & Melinda Gates Foundation

Cameroon
Central African Republid

©WHO 2018. All rights reserved.

Remember we constructed an atlas in lesson 2 which showed the LGA prevalence of poverty in
Nigeria. This lesson continues from where we left off in lesson 2. We are going to use the Print
Composer to apply the finishing touches and create a printable map for dissemination.

Prerequisites

To attempt lesson 3, you need to have
downloaded the data sets for lesson 2 and
gone through its entire manual to have
produced the following map:

You will need to have saved your progress
as a project and named it as ‘lesson_2.qg7’

We are going to load it for this session. To
load the last (or open an existing) project -
open QGIS Desktop 3.2.0 and click on the

7

Open Project folder icon located in the

SE Y
A S

menu toolbars. Navigate to the file’s location and open lesson_2.qgz

Make sure you have the resulting map LGA_Poverty_Prevalence_2010 is active (see above image)
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Opening Print Composer tool in QGIS

> @ File tools

> Q Graphics

> Q@ mterpolation

> Q Layer tools

> @ Netviork analysis

w7

> Q@ Raster andlysis

> @ Raster terrain analysis
> Q Raster tools

> @ veator analysis

> @ Vector areation

> @ Vector general

> @ Vector geometry

> Q Vector overlay

> @ Vectr selection

/8
| 5x

\'a Layers
L
%
/ X
%) M o.018-0.100 & Oifference
@ M 0.100- 0.200 # Join attributes by location

o [ 0.200- 0.300 # Intersection
@~ 0.300 - 0.400 ", Select by location

> Q Cartography

@ > @ Database

2 Type to locate (Qr+K) Coordinate| 5.69,11.18 | Scale[1:4,305,42¢ ~|@ Magnifier[100% %] Rotation [0.0° 3] []Render @ £PSG:326 @

There are two ways to open the Print Composer tool in QGIS. The first and quickest approach is

for you to click on the New Print Layout icon 3 located on the menu'’s toolbar. The alternative

way is to click on the Project tab, then navigate to the New Print Layout and select its tab.

You will be greeted with a small window Create print layout Title which prompts the user to enter
a unique title for the print layout title. Type in this section: “Prevalence of poverty in Nigeria

(2010)” and OK to open the Print Composer window.

The image below provides a quick overview of the layout in Print Composer (sections are

labelled):
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Now, on the left-hand side of the Print Composer is the Print Layout toolbar. This section allows
us to add the information we need to create out publication style map. When using this tool - you
will always be working between the Print Layout toolbar and Print Composer Manager (located
on the right-hand side of the panel). The latter is used to make further alterations to the
properties of the map.

Adding the current map from the Display window to Print Composer

™ b IRy e P e B e [N RS R S s R S R FTRRwR 7 ORI ey P e P (P mems  undo History
\ ~ [Rems 8 %

* & Iem

Layout  Rem Propertes  Guides
Loyout 5 ¥

¥ General settings
It Reference map

¥ Guides and Grid

Grid spacing

e Toadd the current map from the Display window to Print Composer - click on the Add new

map to the layout icon “Zlocated on the left-hand side in the Print Layout toolbar
e (lickand drag the crosshair cursor on to the map canvas to draw outline of a quadrilateral
on map canvas (see image below)
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e The image will appear when the crosshair cursor is released. When want to optimise the
appearance of our image. We can drag the image to the bottom, left-hand corner of the
map canvas, as well as expand its area a bit by dragging its top-right corner.
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e We can move the contents as well, and zoom in & out to the image by clicking on the Move

item content icon * and dragging the map of Nigeria to place. To zoom-in (or out)
gradually - move the cursor on top the image and hold the CRTL key and scroll with you
mouse upwards to zoom-in, or scroll downwards to zoom-out.

www.development-frontiers.com | 29



Now - this is a very important step! We have to lock the image in place otherwise, any
changes done in the Display window will be reflected in the Print Composer. This can be done
in the Print Manager section on the right-hand side panel. Here, you will see three tab labelled as
Layout, Item Properties and Guides. Click on Items Properties and follow these steps:

e Under Layers check the tick box for Lock layers, and then check the tick box for Lock styles
for layers as well

e Scroll down in Item Properties and mark the tick box for Frame to apply borders around
the map (default colour: black). You can choose to increase line’s thickness to 0.40 mm

; _ M [ & Map1
e
j:? [ Follow map theme | (none). - &
ET 2 Lock styles for layers
_IEE Ymin [3.859 | &
X max |14.854 S
i »  Controlled by athas o
: R
K o |
-

e To complete edits to the added map - there is a panel called Items located at the top of
the Print Manager panel. This list features added to the map canvas - right now, we only
have the map of Nigeria which is called Map 1. Click on the tick box of Map 1 (under the
padlock symbol) complete the edits.
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Adding a scale bar

It is always good practice to add a scale bar to a map - this provides the reader a visualise
indication of the size the feature, as well as the distance between features on map. A scale bar is
a line represent major and minor tick divided by intervals.

To add a scale bar:

0 200 300 400 k|

e C(Click on the Add new scale bar to layer icon

e Once the icon is clicked - move the crosshair cursor anywhere on to map canvas a click it.
This should bring the New Items Properties menu. Just click OK to proceed

e The scale bar will be added to the map canvas. We can crop away any extraneous areas
by simply dragging the bottom upwards to fix the size of scale bar (see above image)

We going make some edits to the scale bar - first, we want it to be positioned at the bottom-left
corner inside the map of Nigeria. Also, we want the scale bar to appear as line with upwards ticks,
and finally, we need to ensure that the scales are linked with the map of Nigeria.

e Drag the scale bar image to the bottom-left corner inside the map

o For the scale bar go into its Item Properties and under Main properties - the bit that reads
Map should be set to the item Map 1. This means the dimensions on the scale bar will
correspond to what's on Map 1. The bit that reads Style - select Line Ticks UP

o Under Segment settings - change the way the scale is split: from left 2 to left 0 and right
4 to right 2

o Inthe Items panel, click on the check box of <Scale bar> finalise edits and lock it
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Adding an arrow (or compass)

Similarly, it is always good practice to add an arrow (or a compass) to a map - this feature enables
the reader have a bearings of direction in which features are facing on a map.

To add an arrow (or a compass):

Click on the Add new picture to layer icon =
Again, once the icon is clicked - move the crosshair cursor anywhere on to map canvas a
click it. This should bring the New Items Properties menu. Just click OK to proceed

An empty image will be added to the map canvas. Go into its Item Properties and Under
Main Properties - change the Placement settings to Middle.

Under SVG Parameters - change the Fill colour settings to Black

Expand the option Search directories to select the appropriate image for our map
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e Crop the image to size by dragging inwards one (or any) of the corners to a suitable size.
The placement for this compass at the top-left corner inside the map of Nigeria (see image

below)

e In the Items panel, click on the check box of <Picture> to finalise edits and lock it
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Adding a map inset

A map inset is another important feature in a map. It's a supporting map feature alongside our
parent map (i.e. Nigeria). Insets are typically displayed at a higher scale showing a much broader

view of the study area.

For instance, the epidemiological map shown earlier (see page XXX) features a map inset which
has Africa as a supporting map highlight where Nigeria is in Africa. This is very useful especially
for readers who, for instance, are not from Nigeria and may want to perceive whereabouts of the
study location somewhere in the world.

We can add our map inset to bottom-right corner of the map canvas to show the whole of Africa
by clicking on the add new map to layer icon 4 and drawing the outline to fit in the corner.
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Notice its added Nigeria again - this is because it's the main layer active in our Layers Panel. We
will need to go back to the Layers Panel in our Display Window leave only the African_countries

layer active and deactivate all remaining layers.

e DO NOT CLOSE PRINT COMPOSER WINDOW - just open the Display window and go to

the Layers Panel

e In the Layers Panel deactivate the following by unmarking their tick boxes beside them:

National_boundaries, States_boundaries, LGA_Poverty_Prevalence_ 2010

Local_Government_Authorities
e Leave on African_countries active by not unchecking its tick box

and

e C(Click on African_countries in the Layers Panel to highlight selection and then click on zoom

to layer icon * for view its full extent
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e Now, return to Print Composer. We can update the image to what’s displayed on the
Display window by going into the Item Properties menu and clicking on the button Set to

Map canvas extent which is under the Extents settings.
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e Again, we can move the contents, and zoom in & out of the image by clicking on the Move
item content icon “ and dragging the map of Africa to place. Let's zoom-in (or out)
gradually for Africa to fit the window. You can move the cursor to the image and hold the
CRTL key and scroll with you mouse upwards to zoom-in, or scroll downwards to zoom-
out.
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3 P Grids
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e We are going to link our map inset (i.e. Map 2) with the Nigeria image (i.e. Map 1). Scroll

further down in Item Properties and expand the options Overviews. Click on the GREEN
PLUS sign to add an overview - this will be displayed as “Overview 1” in the textbox. Click
on the settings Map frame tab and select Map 1. This action will link Map 1 to the map
inset which is named as Map 2 in the Items panel. You can see a red show of colour
highlighting the extent of Map 1 in our map inset. We have completed our map inset - lets
add some final touches to it and the images
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¥ position and size

» Roation
» [ Frame

[ re

Scroll down in Item Properties and mark the tick box for Frame to apply borders around
the map inset (default colour: black). You can choose to increase the line’s thickness to
0.40 mm
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In the Item Properties and under Layers check the tick box for Lock layers, and then check
the tick box for Lock styles for layers. This action will lock the image of Africa.

Finally, to complete edits for our added map inset - click on the tick box of Map 2 in the
Items panel

Ymin [-37.470 r=h

Hmas =1

!
Set to map canvas extent

iew extent in map canvas.

P || Controlled by atlas

P Grids

P overviews
P position and size.
b Rotation

¥ [ Frame

Adding Legends

It is compulsory to include keys or legends to maps that describes geographical phenomenon.
Here, we are showing the distribution of poverty at LGA-level across Nigeria. We can add our
legends in the following steps:

Click on the add a new legend to layer icon *&
Again, once the icon is clicked - move the crosshair cursor anywhere on to map canvas a
click it. This should bring the New Items Properties menu. Just click OK to proceed
This action should the legends on to our template. This will also appear as Legend in the
list of items in the Items panel. Drag the legends into position beside Map 1 and above
Map 2
In the Items Properties, under Legend items - always untick Auto Update!
We only want include the layer (i.e. LGA_Poverty_Prevalence_2010) with the colour ramps
in the legend. We can remove everything else by selecting them and then clicking on the
RED MINUS button
Change the title’s subheading LGA_Poverty_Prevalence_2010 to “Prevalence of poverty (%)”
by double-clicking on the subheading “LGA_Poverty_Prevalence_2010” in the Legend items.
A Legend item properties menu will appear - type in the textbox “Prevalence of poverty
(%)”
Double click on each of the labels associated to the colour ramps in the Legend items
option - change it accordingly as follows:

o From“0.018 - 0.100” to “< 10.0%”

o From “0.100 -0.200” to “10.0-19.9%"” and so on...

o The last should be changed from “0.900 - 0.918” to “90.0% and above”

Finally, to complete edits for our legends - click on the tick box of Legend in the Items
panel
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Adding a title
We can place a title at the top:

o (Click on the add labels to layer icon and draw an area at full length of the map canvas

o Before we add text - In the Item Properties: let’s give it a Background colour of Deep Blue
and choose its Frame colour to be Black. Check the tick boxes for Frame and Background
and select the colours Black and Deep Blue, respectively

e Under Appearance setting: check the following for Horizontal alignment and Vertical
alignment as Centre and Middle, respectively
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e Scrolling to the top of Item Properties menu - there is a textbox under Main Properties.
The current heading “Lorem ipsum”. Change this by typing “Prevalence of residents living
in poverty (i.e. <$1.26 a day) in Nigeria (2010)"
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o The font size is very small. Click on the Font tab under the Appearance settings, and a Text
Format menu will appear - here, under Font style select Bold and choose 20 as the text

size. Click OK
e Finally, to complete edits for title - click on the tick box for the title in the Items panel
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We have completed the construction of the map in Print Composer - we can choose to export the
map as a pdf document, SVG or a digital image by clicking on one of the following icons:

Eh g A

The final product should be as follows:
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Summary

We learn the basic features in a map composition and how to construct a map that is publication
worthy. The next set of tutorials will be focused more on techniques on data management and
spatial analyses - these will typically include analysis of aggregated data and various spatial
interpolation approaches.

Lessons 1, 2 and 3 are prerequisites for lessons 4 and 5.
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Lesson 4: Mapping of aggregated crime data in QGIS

Introduction

We have data on 1,129 police stations operating in South Africa. In 2010, the South African police
dealt with reported incidents of assault.

We are interested in identifying districts that needs special attention by the police due to high
risk of victimisation. Therefore, it would be helpful to create maps that shows district-level crime
incidence rates of reported assault in South Africa.

To construct a district-level map showing the rates of reported victimisation - you will need to
perform spatial aggregation of police stations to obtain overall reported numbers of victimisation
within a district. Secondly, you will also need to know the population at risk of being assaulted
within a district in 2010 in order to estimate the crime incidence rate.

This tutorial will provide a step-by-step guide for conducting such spatial analysis in QGIS.

If you have not already, please make sure to download the corresponding dataset for
lesson 4 by going to our website on http://development-frontiers.com/tutorials/

Important note: Lessons 1, 2 and 3 are prerequisites for this tutorial; therefore, its
assumed that the reader knows how to add, import and save spatial data. Its assumed that
you understand the science layer management, as well as knowing how to use Print
composer.

Load the required vector files in QGIS
The following shapefiles should be added into the Layers Panel in QGIS Desktop 3.2.0:

e African_countries.shp (contains all African countries)

e National_boundary.shp (the national boundary of South Africa)
e Province_boundaries.shp (the provincial borders in South Africa)
e District_boundaries.shp (the district borders in South Africa)

Do you recall in previous tutorials where we gave tips on the best ways for arranging vector layers
in the Layers Panel?

Arrange the layers in this order and apply the following changes via their Symbology settings in
the Layer Properties menu:

e National_boundary (Fill Style: No Brush (transparent); Stroke width = 1.00 mm)
e Province_boundaries (Fill Style: No Brush (transparent); Stroke width = 0.66 mm)
e District_boundaries (Fill colour: Light Grey; Stroke width = 0.16 mm)

o African_countries (Fill colour: Deep Grey)

Remember to change the colour of the background colour of the Display window to Blue to
represent the colour of the sea (or oceans). The map in the Display window should be as follows:
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Importing spatial and victimisation dataset

The following datasets can be imported into QGIS:

e SAF Police_station.csv (contains the spatial coordinates of police stations in South Africa)

o  SAF Reported_assaults_2010.csv (contains the number of assaults reported by police
stations in South Africa in 2010)

The SAF_Police_station.csv is a spreadsheet is spatial data because it contains coordinates on the
location of police station. Therefore, when importing it - the user must declare which fields
correspond to longitude and latitude. You can do this by:
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Clicking on the add delimiter icon on the left-hand side of the Layer Panel

The Data Source Manager window will appear. Here, click on the browse button >/ and
select the correct file i.e. SAF_Police_station.csv as the File Name

Make sure under File format settings the CSV (comma separated values) option is checked
Under Record and fields options — make sure First record has field names is checked to
retain the name of the columns

Under Geometry definition settings - make sure the Point coordinates option is checked.
Here, you need to tell QGIS that the X field corresponds with longitude and Y field
corresponds with latitude

Make sure Geometry CRS is ESPG:4326-WGS84

Click add to import data to the Layers Panel

You can repeat the above steps for importing the other dataset (SAF_Report_assaults_2010.csv)
however, this dataset should be treated as an attribute table. It contains no geometries only
criminological information matched to a police station. When importing this dataset - ensure to
click on the check box “No geometries (attribute only table)” under Geometry definition.

The Display window should look something like:

Processing Toolbox & x

# Join attributes by location
# Intersection
5 Select by location
W1 10w interpolation
W Cip raster by mask layer
Q Cartagraphy
o

The points on the image correspond to the geographical positions of the police stations in South
Africa. At the moment, it only exists as a temporary file in QGIS’s memory as an imported csv file
- we can save as a point shapefile by following these steps:

Right-click on the layer SAF_Police_stations in the Layers Panel

Click on Save A4s... to open the Save vector layer as... menu

The format of a vector file is mostly an ESRI Shapefile by default. Under Format select
ESRI Shapefile

Select the location for the save vector data by clicking on Browse button >/, and name
the file as “ZAF_Police_stations”

Save its coordinate reference system under CRS as EPSG: 4326-WGS 84

Make sure that the checkbox Add saved file to map is checked

Click OK to finish saving the data

Remove the imported SAF_Police_stations.csv from the Layers Panel
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Joining of spatial police data with reported victimisation records

At the moment, the imported SAF_Reported_assaults_2010 dataset exists as an attribute table
without any spatial geometries such as coordinates. We see that it contains the names of the
police stations and the number of reported assaults (i.e. incidents) recorded in 2010.

Without any spatial attributes, we cannot display the number of reported assaults on map. To
visualise this information on a map, we will need to link the attribute table with the point vector
file (ZAF_Police_stations) using a common key field.

Notice that the names of the police stations under the field name “station” in the assault data
corresponds with those in the point vector data (ZAF_Police_stations).

We can carry out a spatial join to merge the two dataset. This can be done in the following steps:

e Right-click on the layer ZAF_Police_stations and select Properties to open the Layer
Properties menu

e On the left-hand side of the Layer Properties menu select Joins tab

e C(Click on the GREEN PLUS SIGN to specify which layer (or attribute table) you wish to carry
out the spatial join. An additional menu “Add vector join” will appear

o Under the Join layer selection tab - choose the attribute table SAF_Report_assaults_2010.
This refers to the table we wish to join with our spatial data (i.e. ZAF_Police_stations)

e Under the join field selection tab - choose the field name “station”. This refers to the field
name in our attribute table we want to perform the joins

o Under Target field selection tab - choose the field name “station”. This refers to the field
name in our spatial data we want to carry the joining to the attribute table

e Check the checkbox on Custom field name prefix and type the symbol under-score “_” in
the space. The field names added to our point vector data will be prefixed with an under-
score and they will appear as “_province”, “_crimetype”, “_year” and “_incidents”.

o Click OK on the Add vector join menu

e Click Apply and OK to finalise spatial join

L ZAF_Police_stations @ Features Total: 1129, Filtered: 1129, Selected: 0

4] i} g LT E S L B = @

field 1 station lonaitude latitude number province crimetype year incidents
1 1 ABERDEEN 24.060980000... -32.47634000... 1 Eastern Cape Assault with t... 2010-2011 53
2 2 ACORNHOEK 31.048349999,,. -24.59710000... 2 Mpumalanga Assault with t... 2010-2011 359
3 3 ACTONVILLE 28.299750000... -26.21198000... 3 Gauteng Assault with t... 2010-2011 239
4 4 ADDO 25.690290000... -33.54769000... 4 Eastern Cape Assault with t... 2010-2011 215
5 5| ADELAIDE 26.292549999,,, -32.70725000... 5 Eastern Cape Assault with t... 2010-2011 96
G 6 AFSONDERING  28.961449999... -30.165019949... 6 Eastern Cape Assault with t... 2010-2011 58
7 7 AGGENEYS 18.847130000... -29.242059949... 7 MNorthern Cape  Assault with t... 2010-2011 3

The datasets have been harmonised - save this data as a new shapefile by calling it
ZAF_crime_victimisation.shp. Finally, in its attribute table - you can remove any redundant
variables such as field_1, number, _province, _crimetype and _year by clicking on toggle editing
to start editing the vector file and delete field tab for removing. Re-click on the toggle editing to
finalise changes and save it.
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Aggregation of point spatial data to polygon

We could use the points to produce a point map showing the number of reported assaults on

victims by police stations:

Right-click on the ZAF crime_victimisation and select Properties to access its Layer
Choose the Symbology tab on the left-hand side of the menu and select Graduated on the

We want to display number of assaults. In Column select the field name “_incidents”
In Colour ramp - select the colours YIOrRd
You can specify the method (equal, quantile, natural breaks, standard deviation or pretty

breaks) for generating sets of intervals. For this example - select Natural Breaks (Jenks)
and type 7 in Classes to generate seven intervals

[}
Properties menu
[ )
topmost selection bar
[}
[ )
[ ]
e C(Click Apply and OK

@ Layer Properties - ZAF_crime_victimisation | Symbology

? X
Q = Graduated -
(Column |23 _incidents ~]E
Symbol © Change...

Legend Format | %1 - %2

| [Precision 0 [+] O] Trim

& Ssymbology

Method Color -
Classes  Histogram
Symbal Values Legend
M o 0.00 - 75.00 0-75
= o 75.00 - 174.00 75-174
= 174.00 - 303.00 174 - 303
e= ~ 303.00 - 482.00 303 - 482
F= L] 482.00 - 687.00 482 - 687
L] 687.00 - 990.00 687 - 990
L] 990.00 - 1365.00 990 - 1365
O
ode | Natural Breaks (Jenks) ~ Classes [7
= Classify | |6 | |= | | Delete all Advanced ™
Link class boundaries
P Layer rendering
Style ~ I oK I Cancel I Apply I Help
Layers Processing Toolbax LR
“RweYs-FRO e
v [ IAE crime victimisation

0-75
© 75-174

174-303

303- 482

482- 697

687 - 990

990 - 1365
_Police_stations

[ SAF_Reported_assaults_2010
& [ mational_boundary

4 [] province_boundaries

[ District_boundaries

1 M African_countries

~ Recently used

&' Diference
# Join attributes by location
+ Intersection
 Select by location
¥ W interpolation
W Cup raster by mask layer

@ Cartography

Q patabase

Q File tools

Q@ Graphics

Q@ Interpolation

Q Layer tools

Q Network analysis

Q@ Raster snalysis

Q Raster terram snalysis

Q@ Raster tools

Q@ Vector enalysis

Q@ Vector creation

Q@ vector general

Q@ Vector geometry

@ Vector overlay

Q@ Vector selection

Q Vector table

& GoAL

@ GRASS

& Models

S saca

& saipts
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As you can see, there are indeed obvious spatial patterns in the number of reported assaults, and
through visual inspection - there may be evidence of clustering. However, this map lacks any
criminological rigorousness and interest due to the fact that it just total numbers of cases
recorded by each police station.

For comparability, we could choose to aggregate the points by district in order to know the overall
numbers of attacks that have occurred within a district in the year 2010, and then divide this
figure by the estimated population at risk of being victimised within a district during the year
2010 multiplied by 10,000 inhabitants.

The resulting output is interpreted as district-level crime rates of victimisation (assault) (per
100,000 inhabitants) in South Africa.

To do this calculation, we will need South Africa’s population census data for 2010. What's
available is population counts gridded at a resolution of 100m (derived from WorldPop
database). Using the district vector layers (i.e. district_boundaries) - we will generate two shape
files:

1. A shape file containing the aggregated counts of assault within a district
2. A shape file containing the estimated population size of 2010 within a district

The final steps will include merging the two layers before calculating the crime incidence rates of
victimisation (assault).

Derivation of district-level counts for assault

@) Join Attributes by Location (Summary) 2 % |[Processing Toalbox E
#e A ) 3,

*|30in attributes by

ZAF_crime_victimisation [EP5G:4326]

=
|Geometric predicate

M intersects [ overiaps
1 contains within
equals Crosses

1 touches

T % Clip raster b kI ~
Input layer location (summary) o lip rah er by mask layer
District_boundaries [EPSG:4326] ? Y Cartography
S This algorithm takes an input vector Q Database
Selected features only layer and creates a new vector layer @ File tools
Join layer that is an extended version of the input @ Graphics

one, with additional attributes in its

-] @ attribute table,

The additional attributes and their values
are taken from a second vector ayer. A
spatial criteria is applied to select the
values from the second layer that are
added to each feature from the first
layer in the resufting one.

The algorithm calculates a statistical
summary for the values from matching

Fields to summarise (leave empty to use al hiekds) [optional]

1 elements selected

1 elements selected

features in the second layer (e.g.
maximum value, mean value, etc).

Summaries to calcUte (leave empty to Use al avalabe) [optona

[ Discard records which could not be joined
Joined layer

[Create temporary layer]

Open output fie after running algorithm

Run as Batch Process...

0% Cancel

[Run in Background] | Close Help

@ Interpolation
@ Layer tools
@ Network analysis
@ Raster analysis
G Raster terrain analysis
@ Raster tools.
@ Vector analysis
G Vector creation
@ Vector general
% Assign projection
& Build virtual vector
% Create attribute index
% Create spatial index
& Define layer projection
% Delete duplicate geometries
% Drop geometries
& Execute SQL
% Find projection
% Join attributes by field value
- Joig aitcibutes by location
I X Ioin attributes by location (summary) I
rge vector fayers
% Order by expression
% Reproject layer
% Save Selected Features

% Set style for vector layer
2 split vector layer
Truncate table
¥ Vector geometry
@ Vector overlay
@ Vector selection

e Inthe Processing Toolbox, click on Vector general > Join attributes by location (summary)
e Under Input layer options - select District_boundaries. This section refers to the layer we
want to use as a template for aggregating our point data
e Under join layer option - select ZAF_crime_victimisation. This section refers to the layer
we want to aggregate and produce summary statistics from

e We want to aggregate points that fall within, or that intersect with polygon of a district.
Under Geometric predicate check the checkbox for intersects and contains
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o Under Fields to summarise (leave empty to use all fields) [optional] - select_incidents only.
This is the field we are interested in, we want to aggregate all points within a boundary of
a district and then take the summation

e Under Summaries to calculate (leave empty to use all available)[optional] - click on the
browse button |- and then select sum and counts.

e (lick on Run in Background and Close when the aggregation is complete - this should
produce a temporary layer called Joined Layer in the Layers Panel. You can right-click on
the Joined Layer and save it as ZAF_district_assault.shp

Checking the attribute table for ZAF district assault layer we can the new fields called _incidents
_inciden_1 - the former refers to the number of points (i.e. police stations) aggregated in a district,
and the latter refers to the total number of assaults calculated within a district. Unfortunately,
QGIS has a stupid reputation for messing up the column names and renaming them into
something that’s incoherent after performing a spatial join or aggregation.

1503 Country Province i Province Muncipalit Municipali District i District incidents inciden 1
1 ZAF South Africa ZAF.5_1 Limpopo ZAF.5.1_1 Capricorn ZAF.5.1.5_1 Polokwane 5 1,270.000000
2 ZIAF South Africa ZAF.5_1 Limpapo ZAF.5.1_1 Capricorn ZAF.5.1.4_1 Molemole 3 347.000000)
3 ZAF South Africa ZAF.5_1 Limpapo ZAF.5.1_1 Capricorn ZAF.5.1.31 Lepele-Nkumpi 4 613.000000)
4 ZAF South Africa ZAF.5_1 Limpapo ZAF.5.1_1 Capricorn ZAF.5.1.2_1 Blouberg 5 276.000000)
5 ZAF South Africa ZAF.5_1 Limpopo ZAF.5.1_1 Capricorn ZAF.5.1.1_1 Aganang 2 173.000000;

Let rename _incidents to counts and _inciden_1 to assaults by going into the Layer Properties menu
of ZAF district_assault and selecting the Source Fields tab:

o C(lick on the toggle editing icon ¥ to start editing the shape file of ZAF district_assault
e Under the Name column, double-click _incidents and rename this to counts
e Under the Name column, double-click _inciden_1 and rename this to assaults

e Click on the toggle editing icon * to stop editing the shape file of ZAF district_assault.
Here, a Stop Editing window will pop-up to prompt you to update this shape file - click on
Save

e C(lick Apply and OK

RE0e LA HPPALREED 06 & 5 e EEHE =0

Dscws || Canct

ot e O coee paime M e[ i) rer [z Sman @
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The aggregation for assault by districts are complete. We will return to this layer in a bit. Now,
we will perform the same procedure for the raster population 2010 census data.

Adding raster data to QGIS

Up to this point, we’ve been adding only vector (or shape file) data to QGIS display. Here, we will
start to add raster data - the information show population density i.e. estimated number of people
per grid square at a resolution of 100m (i.e. this means that length and width of a grids are at
100m).

To add raster data to the display window:

e Click on the Add Raster layer icon ¥: for the Data Source Manager window to appear

e C(Click on the browse button |- to select the desired raster data

o Select the file ZAF_Population _density_100m_resolution.tif and click on Open. Important
note: Raster data are often stored as a GeoTIFF (either as.tif, .tiff, .TIF or .TIFF) format

e C(lick Add
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When adding raster data to QGIS - it will, by default, always set the colour as black and white. This
is because the render type (i.e. a setting in the Layer Properties for raster data) is set to as
singleband gray. The singleband pseudocolours allow for more interesting visualisation of the
gridded data, and allows one to change the colour ramps to represent continuous or discrete
values. However, we will explore more of these setting in the next tutorial.

Now, we’ve loaded our population data, let’s proceed to aggregate this to obtain district-level
population counts.

Deriving population size of districts - aggregation of raster data by polygons

The procedure for aggregating raster values within polygons are as follows:
In the Processing Toolbox panel - click on the tab Raster analysis > Zonal Statistics

o The Zonal Statistics menu for analysis of raster information should appear. Under the
Raster layer section - select ZAF_Population_density_100m_resolution [EPSG: 4326]

o Under the section labelled ‘Vector layer containing the zones’ - select ZAF _district_assault.
Again, this refers to the vector layer we want to use as a template for aggregation in which
case - it’s the district layer which also contains the aggregated number assaults

e In Output column prefix leave as the underscore “_" symbol

o In Statistics to calculate click on the browse button |-/ and a Multiple selection window
will show. In this window - only leave the Sum checked. Uncheck the remaining options
that appear checked. Here, it will the sum the values of the grids falling within a district
to produce population size of a district. It will name this field as “_sum”

e C(lick OK.

e C(Click on Run (wait for operation to complete) and Close

o

Processing Toolbex &x
L ¥ G, B ) 5

~ [ I ZaF Population density 100m ©f  paameters  Log
[ 1]

Raster lyer
¥ 27 _Popuiation_densky_100m_resoltion [EPSG:4326] |
Raster band
Band 1 (Gray)
Vector byer containing zones

ZAF_dtrict_assault [EPSG:4326] |
Output coksmn prefix

aRulisis il
.

SADBAENS NS
e

Statistcs to calculate.

R s Bt roces.. o

g——

Open the attribute table of ZAF_district_assault and you will see a new column has been generated
for the 2010 population sizes for the districts called _sum. Let’s save this as a new shape file and
called it ZAF_assault_victimisation_2010 and after rename the field _sum as pop2010 by going into
the Layer Properties of ZAF _assault_victimisation_2010 and clicking on the Source Field tab. You
do remember how to change a field’s name?
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Calculating crime rates for assault

Our layer named ZAF assault_victimisation_2010 the clean spatial dataset with the appropriate
field names for estimating the district-level crime rates in South Africa.

We can use the given formula to calculate the rates of assault for every district and express the
rates of victimisation as per 10,000 inhabitants:

Cri tes f Its ( 100,000) = The reported number of assaults in 2010 » 10.000
rime rates for assaults {per 109, " Population at risk of being assaulted in 2010 ’

Access the attribute table for ZAF _assault_victimisation_2010 layer and click on the field calculator

icon = . The Field Calculator window will appear - you can derive the crime rates in the following
steps:

o In Output field name - you can type the name of the field you wish to generate. Here, type
“rates”

o The field generate exists as a real number and not integer or string. In Output field type -
select Decimal number (real)

e We want the estimates to have only 2 decimal places - in Output field length’s Precision
section type 2

o Expand the Fields and Values by selecting the checkbox. Here, we select the fields in the
above formula.

e C(lick on the field ‘assaults’ - this should appear in the Expression’s calculator. Here, you
can construct your mathematical formula. The formula should look like: (“assault” /
"pop2010")*10000

e (lick OK to generate the desired estimates

<] @ g d Yo I ] I’ @ «

] h
1503 Country Province | Province  Ealit MUNEIOE | ote 0 selected features
P South Africa  ZAR.11 Eastern Cape  ZAF.L5_1 Chris Hani

Create a new field [ update existing field

1

2 South Africa  ZAF.1_1 Eastern Cape  ZAF.L5_1 Chris Hani | [ oz yre o i

3 o South Africa  ZAR.1_1 Eastern Cape  ZAF.L5_1 Chris Hani | | Output field name] [rates

4+ z7aF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.5_1 Chris Hani | | Output field type | Decimal number (real =
5 zF South Africa  ZAF.1_1 Eastern Cope  ZAF.L4_1 Cocady | | 1P M ength Frecion
s

7

8

9

Expression _ Function Editor

ZaF South Africa  ZAR.1 1 Eastern Cape  ZAF.L5_1 Chris Hani
ZAF South Africa ZAF.1_1 Eastern Cape  ZAF.1.5_1 Chris Hani sl \m—‘
Conversions ~
a8 South Africa  ZAF.1_1 Eastern Cape  ZAF.1.4_1 Cacadu (‘assualts’  / “pop2010" ) = 10000 I Date od T Double-dlick to add field name to expression string.
r somams Rl Gsemcoe  ZARLAD  Cocads e s opane T come ment el
10 ZAF South Africa ZAF.1_1 Eastern Cape  ZAF.1.4_1 Cacadu Country
1 ZAF South Africa  ZAR.1 1 Eastern Cape  ZAF.14_1 Cacadu :rUuLvmeU Loading field values from WFS layers isn't supported,
12 7aF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.4_1 Cacadu zj:;?::“t . :SZ"”’:"E fayer is actually inserted, ie. when buiding
13 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.4_1 Cacadu —
14 IAF South Africa  ZAF.1_1 Eastern Cape  ZAF.14_1 Cacadu Arms W ETE
15 ZaF South Africa  ZAR.1_1 Eastern Cape  ZAF.1.4_1 Cacadu
16 ZAF South Africa  ZAR.1_1 Eastern Cape  ZAF.L.2_1 Amathole
17 ZAF South Africa  ZAR.1 1 Eastern Cape  ZAF.L2.1 Amathole
18 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.13_1 Buffalo City
19 ZaF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.2_1 Amathole
20 4F South Africa  ZAF.1_1 Eastern Cape  ZAF.1.2_1 Amathole |y preview: 27.916951050949207
21 7AF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.2_1 Amathole
7 |z Sridim  ERELU Eastern Cage | 2AR1.2.1 Amatc- 3O You are editing information on this layer b the layer is currently not in edit mode. I you click OK, edit mode will automatically be turned on.
23 7aF South Africa  ZAF.1_1 Eastern Cape  ZAF.1.2_1 Amathole
24 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.L1_1 Alfred Nzo = e
25 IAF South Africa  ZAF.1_1 Eastern Cape  ZAF.L11 Alfred Nzo _— R .
T Show All Features. El=]

Important note: Every time you use the Field Calculator to add new a column through
calculations it’s similar to applying edits to a vector layer. You must always click on the Toggle

edits button # to stop the edits. This, in turn, will apply any updates as well as save the new
column in ZAF_assault_victimisation_2010.

The final attribute table should appear as follows:
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(G} ZAF assault victimisation_2010 : Features Total: 234, Filtered: 234, Selected: 0
-] [ AT E®) FIEIL
503 Country Prownce | Provnce Muncoait Muncoal Distrct | it counts assuans Bon2010 rates

1 |ear South Afnca  ZAFL_L EastemCape  ZARLIL  AFredlm  ZAFLLLL  Mambele 6 572.000000 204,893.2199). 2792
2 o South Africa  ZAFA_L EostemCope  ZAFALI1  AWredlan  ZAFA121  Mbizane 3 168.000000 283,452.303) 593
3 ZF South Africa ZAF.1_1 Eastern Cape  ZAF.L1_1 Alfred Nz ZAF1131  Ntabankuby 1 326.000000 124,786.5957) 612
4 IAF South Africa ZAF.1_1 Eastern Cape  ZAF.L1_1 Afred Kzo ZAF.11A4_L Umzimvuby 2 569.000000 192,570.8373). 29.55
5 ZF South Afica ZAF.1_L EastemCape  ZARLZ1 Amathole #1211 Amahiatn 7 1087.000000 122,944.2575). sa.s1
5 South Afca ZAFL_L EstemCope  ZAFL21  Amathole 1221 Grestkel & 176000000 39,10266220]. 4501
7 South Africa  ZAF.1_L Eastem Cape  ZAF.A.21  Amathale 1231 Mehashe 2 378000000 256,200.545) 1475
B ZAF South Africa ZAF.1_1 Eastern Cape  ZAF.L2_1 Amathole ZAF1241  Moguma 4 GBLOODODO 252,807.7787|. 2694
s South Afica  ZAR1_1 Eastem Cope  ZAFLZ1  Amathale 1251 Ngqushwe 6 408.000000 724815302 56,29
10 Z4F South Afca ZAF1_L EstemCape  ZARLZ1  Amathole 2471261 Meonkobe 9 1076000000 127,100.5747|. o.66
1 South Aficy  ZAFL_L EostemCope  ZAF1Z1  Amothole ZFLLIL lowba 3 167.000000 2413861469 7747
12 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.L3_1 Buffalo Gty ZAF131_1  Buffalo City 19 4,950.000000 752,906.9586] 628
13 2AF South Africa ZAF.1_1 Eastern Cape  ZAF.1.4_1 Cacadu ZAF.1A411 Bavizans 4 84.000000 17,704.435188. 53.09
14 4 South Affica  ZAR1_L Easten Cape  ZAFL41  Cacadu WF1A21 Bue Crane Ro.. 3 271000000 36217.19805). 74.83
15 ZF South Afica  ZAF1_L Estemcape  ZaRLe1  cacadu 2#F1431  Camdsboo 2 s16000000 sosaezen1f. 8167
16 Z4F South Africa  ZAF.1_L EastamCope  ZAF.L4_1  Cocodu ZEIAAL Bwen 3 67000000 10,566.26524 6341
17 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.L4_1 Cacady ZAF1451  KouwKamma 3 503.000000 40,881.38900) 123.04
18 ZAF South Africa  ZAF.1_1 Eastern Cape  ZAF.14_1 Cacadu ZAF1A61 Kouge & 864.000000 98,070.36003). 88.10
19 z4F South affica  ZAR.1_L Eastemn Cape  ZAFL41  Cacadu 1471 Makens 7 733.000000 80746.72653). s0.78
w0 zF South Afnca  ZAF1_L EastemCape  ZARL&1  Cacadu 2#F1481  Ndambe 6 521000000 6L019.66278). 85,38
u South Africa  ZAF.1_1 EosternCope  ZAFA41  Cocodu ZAE1481  Sundoys Rver 4 529000000 5431436550 97.40
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30 2AF South Africa ZAF.1_1 Eastern Cape  ZAF.1.6_1 Joe Gaabi ZAF.16.1_1 Ewndini 8 488.000000 138,677.7335). 35.10
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T Show All Features, .

We can finally generate our district-level map on assault rates. It is the same procedure when we
created the point maps for the stations earlier on in this exercise. Recall the steps were:

o Right-click on the ZAF _assault_victimisation_2010 and select properties to access its Layer

Properties menu

topmost selection bar

Choose the Symbology tab on the left-hand side of the menu and select Graduated on the

e We want to display number of assault across points in space. In Column select the field

name “rates”

You can specify the method for which classes are generated (equal interval, quantile,

natural breaks, standard deviation or pretty breaks). For this example - select Equal
Interval and type 6 in Classes to generate five intervals
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The final output in the Display window should appear as:
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Interpretation of output

In the Layer Panels - you can see the rates of victimisation by assault in 2010 are represented as
alegend under layer ZAF_assault_victimisation_2010. Districts with the lowest reported rates are
those with estimates anything at/below 25.45 per 10,000 inhabitants. Likewise, districts with the
highest reported rates are those with anything at/above 103.52 per 10,000 inhabitants.

Bear in mind that the results are on QGIS Display window - you will need to go into the Print
Composer tool which allows the user to create high quality publication-styled maps for them to
be included in peer-viewed articles. The outputs can also be exported as an image (.png, .jpeg etc.)
or pdf document in Print Composer which can be shared with other stakeholders or researchers.
You can refer to earlier tutorials in the series to follow the steps in using Print Composer.

You can save this project by clicking on the save as icon in the toolbars and name the project as
ZAF reported_victimisation_project.qgs
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Appendix: Lesson 4
Data source(s)

Datafile Format Source

African_countries Shape file  https://gadm.org/download world.html

National_boundary Shape file  https://gadm.org/download country v3.html

Province_boundaries Shape file  https://gadm.org/download country v3.html

District_boundaries Shape file  https://gadm.org/download country v3.html

ZAF_Population_density_100m  Raster http://www.worldpop.org.uk/data/summary/?doi=10.5258/SOTON/WP00246
SAF_Police_Stations CSV https://africaopendata.org/dataset/police-station-coordinates

SAF _Reported_assaults_2010 CSV https://africaopendata.org/dataset/police-statistics
Citation(s)

1 Global Administrative Areas (2012). GADM database of Global Administrative Areas, version 2.0. [online]

URL: www.gadm.org
2 Linard C, Gilbert M, Snow RW, Noor AM, Tatem A] (2012) Population Distribution, Settlement Patterns and Accessibility

across Africa in 2010. PLoS ONE 7(2): e31743. https://doi.org/10.1371 /journal.pone.0031743
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Lesson 5: Various spatial interpolation techniques in QGIS

Introduction

Spatial interpolation are techniques used to predict values of cells from a sample of existing data
points. These data points can in turn, be utilised to determine unknown values for any geographic
point.

For instance, suppose [ know the land surface temperature value of a single point in a location -
from this point, I can use spatial interpolation to predictland surface temperature value of nearby
and unknown points etc.

There are wide range of spatial interpolation techniques - these include Inverse Distance
Weighting (IDW), Kernel Density Estimation (KDE), and the more advance methods such as
Kriging and Model-Based Geostatistics (MBGs).

In QGIS, we will learn how to perform two basic spatial interpolation methods:

e Part 1: Inverse Distance Weighting (IDW)

e Part 2: Kernel Density Estimation (KDE)
In the context of victimisation - the Inverse Distance Weighting (IDW) is primarily focused on
using point data which measures either prevalence or incidence rates for predicting the burden
of victimisation (i.e. continuous). Kernel Density Estimation (KDE) specifically uses single-
eventor a case as point data (i.e. discrete), and is therefore concerned with predicting the density
of victimisation.

What all spatial techniques have in common is that they use point vector data to make surface
predictions - these predicted values, which are in turn, stored as raster data.

In Lesson 5, we will explore how to use these techniques in QGIS Desktop version 3.2.0. The lesson
is splitinto two parts.

If you have not already, please make sure to download the corresponding dataset for
lesson 5 by going to our website on http://development-frontiers.com/tutorials/

Important note:

o The dataset for part 1’s lesson is stored in the folder “part1_idw”

o The dataset for part 2’s lesson is stored in the folder “part2_kde”
Important note: Lessons 1, 2 and 3 are prerequisites for this tutorial; therefore, its
assumed that the reader knows how to add, import and save spatial data. Its assumed that
you understand the science layer management, as well as knowing how to use Print
composer.

Let’s begin part 1 of Lesson 5 with Inverse Distance Weighting (IDW).

Open QGIS Desktop 3.2.0 by clicking on the icon and you will be greeted with a blank window
which reads Recent Projects. Open a New Project for this part of the practical session and save this
project as “Lesson_5_partIDW.qgs".
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Part 1: Inverse Distance Weighting (ID

The blue points in the above image represent locations of police stations in South Africa. The grey-
coloured boundaries represent the extents of which a police station operates. For each point or
police station - we have determined the rates of victimisation in 2010 by dividing the number of
reported cases of assault with the overall population at risk of being assaulted within catchment
areas of police stations.

This will give us point crime incidence rate data. We can use IDW to interpolate these estimates
over unmeasured surface where there are no data - i.e. white spaces between police stations. This
technique uses an explicit assumption that points that are close to each one another are alike
than points that farther away. IDW method uses measured values surrounding an unmeasured
point to make predictions. The result output is a continuous surface on a raster map.

Load the required vector files in QGIS
The following shape files should be added into QGIS:

e Africa_countries.shp (contains national boundaries of official African countries)
e National boundary.shp (contains the national boundary of South Africa)
o ZAF assault_rates_2010.shp (point vector data containing location of police station in
South Africa with their estimated rates of assault per 10,000 inhabitants)
Change the properties of African_countries and National boundaries by rendering its fill colours
as grey and white, respectively, and include the colour of the sea.
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Using IDWs to predict the rates of assault in South Africa

We have determined for each police station the incidence of victimisation via assault (per 10,000)
in 2010.

= >  Filtered 11 T
LT R & LYmep 2 =0
field_1 station longtude latitude province aimetype year assaut Pop2010 rates 7l
d 172 couny 26317380000... -26.33070000... North West  Assaultwitht.. 2010-2011 71 250182549 2838
d 201 FORT BROWN  26.617730000... -33.12077999... Enstern Cape  Assaultwith t... 2010-2011 4 2034274024, 197
d 531 LANGSBURG  20.859369999... -33.19758000... Western Cape  Assult with t... 2010-2011 37 7532494604 .12
l 600 MAXWASSE  25.993300000... -27.31268000... North West  Assaultwitht.. 20102011 70 1728836474 4049
d 542 LEEUDORINGS... 26.241309999... -27.23507000... North West  Assoultwith t.. 2010-2011 56 2042420194 27.42
3 431 JOUBERTON  26.587730000.. -26.89183999... North West  Assaultwith t.. 2010-2011 667 6399061214 10423
i 1,138 WOLMARANS... 25.980180000... -27.20175000... North West  Assaultwitht.. 2010-2011 24 4347216929 6533
d 970 STILBAY  21.411840000.. -34.37742999... Westem Cope  Assoult with t.. 2010-2011 26 7314784724 3554
1 784 ORMOEVILLE  28.204460000... -26.98908000... Free State  Asssult witht... 2010-2011 20 37277.5%24.. 537
o 402 KAGENG 27.062470000... -26.72025000... North West  Assaultwitht.. 20102011 976 21,063.51093. 463.36
i1 127 BUFFELSHOEK  27.399909999... -26.80294999... North West  Assaultwitht.. 2010-2011 34 2218451534 1533
12 508 KWAAIMAN  28.978059999... -31.91920000... Eastern Cape  Assault with t... 2010-2011 122 58,548.40294.. 2084
s 168 COFFEEBAY  29.148810000.. -31.97848000... Eastern Cape  Assaultwitht.. 2010-2011 82 204643034 40.07
14 265 ERASMIA 28.092580000... -25.81176999... Gauteng Assoultwith t.. 2010-2011 238 4781651194 49.77
s 1,127 WIERDASRUG  28.155239999... -25.82374000... Gauteng Assault with t.. 2010-2031 441 119,252.9974. 36.99
16 39 HuKUDI 26.740530000... -26.96690999... North West  Assaultwith .. 20102011 220 12528534 12847
i7 1,031 TSHIDILAMOL... 24.673480000... -25.82608000... Morth West  Assaultwitht.. 2010-2011 47 1279479144 36.73
e 977 SULENKAMA  28.684370000... -31.01688000... Eastern Cape  Assault with t... 2010-2011 64 37,045.7003.. 1728
s 788 OTTOSDAL  25.999910000... -26.81203000... HorthWest  Assaultwitht.. 20102011 49 2420562059 247
o 790 OUDTSHOORN  22.204010000... -33.58986000... Western Cape  Assault with t... 2010-2011 482 772201878 6241
o 639 MBUZINL 31.892910000... -25.82101000... Mpumalengs  Assault with t... 2010-2011 50 25,077.77744.. 19.94
2 525 LADISMITH  21.268300000... -33.49486995... Westem Cape  Assault witht.. 2010-2011 130 17,743.5%614. n
2 1058 UNIONDALE  23.125820000... -33.65729999... Westem Cope  Assoult with t.. 2010-2011 115 3879225384, 2065
s 1,03 TSOMO 27.818020000... -32.03707000... Eastorn Cape  Assaultwith L... 2010-2011 116 45,07.12764.. 2573
s 962 STERKSPRUIT  27.371340000... -30.52836999... Eastern Cape  Assault with t... 2010-2011 277 18.204.5874.. 15216
s 403 WAMVELILE  25.608429999... -33.7974099.. Eostern Cape  Assaultwith t.. 2010-2011 239 2572078961 92.92
7 1,054 UMAZI 30.926480000... -29.96252000... Kwwazulu/Netsl  Assault with t... 2010-2011 1212 1468044284, 8256
s 1121 WEPEMER  27.036999999.. -29.7311S000... FreeState  Assaultwitht. 2010-2011 88 1241255034 70.90
ko 409 NGOGO 29.911880000... -27.57736999... Kwazuhu/Notal  Assoultwith t... 2010-2011 14 41,551.80464.. 337
o 722 MZAMBA 30.184370000... -31.07528999... Eostern Cape  Assault with .. 2010-2011 149 6241237234, 287
s 179 CREIGHTON __ 29.842839999... -30.02955000... Assault with t.. 2010-2011 80 1616217884 49.50 Y]
T Show All Festures, =

Based on these points, we can predict the rates of victimisation at unmeasured locations. We can
use the IDW interpolation tool in QGIS to generate a raster template which the rates of assault
can be interpolated over. The resulting surface will be the predicted rates of assault.

This can be achieved in the following steps:
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e Under the Processing Toolbox - click on the tabs Interpolation > IDW interpolation and the
IDW Interpolation menu will appear

e We need to specify which point layer contains the estimates we wish to spatially
interpolate. Under Vector layer select ZAF_assault_rates_2010

e After specifying the point layer, we need to state which field attribute contains the
estimates we wish to spatially interpolate. Under Interpolation attribute select rates
(note: this field must be a real number, and not a string nor integer value!)

e Click on GREEN PLUS SIGN to confirm the information we specified in the Input section

e In Number of columns, type 195. Also in Number of row, type 149. These values will ensure
we create a raster gridded that have a resolution of 10km

e We want to interpolate the full extent of the South Africa. In Extent (xmin, xmax, ymin,
ymax), select National_boundaries layer as the extent for our interpolation grid by first
clicking on the browse button and selecting the Use Layer/Canvas extent option

o In Interpolated section, click on the on the radio button and choose the location to export
the results. Save it as ZAF_assault_gridded_idw.tif

e (Click on Run in Background and Close

e Add the resulting raster to the Layer Panel ZAF_assault_gridded_idw

The results should appear as follows:
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You can see the image is in black and white at the moment. We can clear the appearance and
render it to something that can be interpreted by going into the properties of this raster file:
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e Right-click on ZAF_assault_gridded_idw and select properties to access its Layer Properties
menu

o (lick Symbology located on the left-hand side of the Layer Properties menu to access the
band rendering settings. Under Render type, select Singleband pseudocolor

L]

Under Colour ramp, select RdYIBu. The colour palette goes from red to yellow to blue (i.e.
low intensity of victimisation from red, and higher as blue); therefore, we need to invert
the colour palette accordingly by selecting Invert Colour Ramp after choosing RdYIBu
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e Choose the mode as Quantile, and 7 as the number of classes. Do not click on OK yet.

e Click Transparency located on the left-hand side of the Layer Properties menu to access
the Global transparency settings. You can set the levels of transparency to 80% by moving
the slide bar

e Now, click OK to finalise changes to appearance of results.
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We need to crop the resulting grid to South Africa’s national boundaries. This can be done by:

o Click on Raster > Extraction > Clip raster by mask layer. The Clipper menu will appear

o In the Input layer section - select ZAF_assault_gridded_idw. Here, you are choosing which
raster you wish to crop

o In the Mask layer section - select National_boundary. Here, you are choosing which to
serve as a template for cropping the raster to size

e Make sure to check the option Keep resolution of output raster

e In Clipped (mask) section, click on the on the radio button and then choose the location
to export the results. Save the results as ZAF _assault_rates_10by10km.tif

e Click Run in Background and Close

e Add the resulting raster to the Layer Panel ZAF_assault_rates_10by10km
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It will add the new clipped layer to the map canvas. However, the image will be in black and white.
You have to repeat the above steps of rendering the image into something that can be interpreted

appropriately.

The interpolated victimisation should appear as follows:
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Interpretation of output

We have produced a map showing the predicted incidence rates of assault in South Africa. An
example of interpreting this map - areas with yellow colours indicate that the reported crime
rates for assault are 63.6 per 10,000 inhabitants (at resolution of 10km), whereas areas with the
lowest intensity of victimisation by assault are predicted to be reported 2.04 per 10,000
inhabitants (at resolution of 10km) and vice versa.
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Bear in mind that the results are on QGIS Display window - you will need to go into the Print
Composer tool which allows the user to create high quality publication-styled maps for them to
be included in peer-viewed articles. The outputs can also be exported as an image (.png, .jpeg etc.)
or pdf document in Print Composer which can be shared with other stakeholders or researchers.
You can refer to earlier tutorials in the series to follow the steps in using Print Composer.

Do not forget to save this project and close it.

This concludes part 1 of lesson 5. Now, Let’s begin part 2 of Lesson 5 with Kernel Density
Estimation (KDE).

Re-open QGIS Desktop 3.2.0 by clicking on the icon and you will be greeted with a blank
window which reads Recent Projects. Open a New Project for this part of the practical session and
save this project as “Lesson_5_part2KDE.qgs”.
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Part 2: Kernel Density Estimation (KDE)

Crime event data is the actual location in which a crime has taken place and has been
georeferenced - for example, the address of a home that’s been burgled, graffiti on the wall of
someone’s property or the location of an arson crime.

One may be particularly interested in wanting to visualise the occurrence of crime events as
density measure. We can do this using a useful technical called the Kernel Density Estimator
(KDE) which is typically a non-parametric function that can be used to estimate the density of
events (crime) in a setting.

The process for making raster maps with KDEs are easy. This tutorial will provide a step-by-step
guide for conducting such analysis in QGIS Desktop 3.2.0.

If you have not already, please make sure to download the corresponding dataset for
lesson 5 by going to our website on http://development-frontiers.com/tutorials/

Important note:

o The dataset for part 1’s lesson is stored in the folder “part1_idw”

e The dataset for part 2’s lesson is stored in the folder “part2_kde”
Important note: Lessons 1, 2 and 3 are prerequisites for this tutorial; therefore, its
assumed that the reader knows how to add, import and save spatial data. Its assumed that
you understand the science layer management, as well as knowing how to use Print
composer

Load the required vector files into vour Project

There was wave of vandalism in Kenya - arsonists targeted and burnt more than 100 schools in
2016. We have available a list of 121 schools that were burnt by arsonists in 2016. The schools
that were victimised in such manner have been geo-located and are examples of point event data.

Suppose that authorities are interested in knowing the density of schools burnt within certain
areas (at resolution 10km) then KDEs will be a good approach for dressing this problem.

Let’s begin by creating our atlas for Kenya and visualising the distribution of schools that were
burntin 2016

The following shape files should be added into QGIS:

e Africa.shp (contains national boundaries of official African countries)

o gadm36_KEN_0.shp (contains the national boundary for Kenya)

e gadm36_KEN_1.shp (contains the county boundaries for Kenya)

e KEN_Arson_schools_2016.shp (point vector data containing location of schools that were
torched by arsonists in 2016)

The data should appear as follows:
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In the Processing Toolbox (located on the right-hand side of the window) - click on Interpolation
to expand the option. Select Heat map (Kernel Density Estimation) and a window should pop-up

allowing us to specify the parameters for conducting such interpolation technique. Do the
following:

Q
Parameters  Log
Point layer
KEN_Arson_schools_2016 [EPSG:4326] ~1 .. @
——
Selected features only
'?ad'\us (layer units)
Jo.416500 +] degrees A\
Output raster size
Rows 752 :| coumns  [g22 8|
[Fixel size X [0.008300 = Pixel size ¥ |0.008300 Sl |
Heatmap
E:/UCL_FCLP/Wordpress_work/QGIS_tutorials/Datasets/Rasters/KEN_schools_victimised_1by1km.tf
I [m] ipen output fie after running algorithm
0% Cancel
Run as Batch Process... Run in Background Close Help

e (lick on the tabs Heat map (Kernel Density Estimation) and its menu will appear

o We need to specify which layer contains the point data we wish to spatially interpolate.
Under Point layer select KEN_Arson_schools_2016

e We need to specify the search radius. For this exercise, we are using 50km as the value.
Important note: the point data’s coordinates projection system is in WGS84 which uses
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decimal degrees. Now, 0.0008333 decimal degrees (approximately at the equator) in
WGS84 is equivalent to 100m. Therefore, 1km is 0.008333, 10km is 0.08333, 100km
0.8333 and etc. In Radius (layer units) section, enter the search radius value as 0.4165
(~50km)

We want to generate 1-by-1km grids. We can do this by specifying the Pixel size for X and
Yas 0.00833 (~ 1km).

In Heat map section under Advanced parameters click on the on the radio button and
choose the location to export the results. Name it as KEN_schools_victimised_1byl1km and
save it.

Uncheck box Open output file after running algorithm. We are doing this because QGIS will
automatically load-in the result raster file, and name it as Heatmap. We want to load the
result which we named as KEN_schools_victimised_1by1km

Click Run in Background

Once  the analysis is complete - load the resulting  raster
KEN_schools_victimised_1by1km.tif into QGIS’ window by clicking on the icon Add raster

L

Layers

[ |
(| gadm3e_xen_1
v &2 I KEN_schools_victimised_1by1km
4478598

2| gadm36 xew 0
211 Africa

& x

We need to crop the resulting grid to Kenya’s national boundaries. You can do this in the following

steps:

Click on Raster > Extraction > Clip raster by mask layer. The Clip by Mask Layer menu will
appear

In the Input file select KEN_schools_victimised_1by1km. Here, you choose which raster you
wish to crop

We need to specify that our template for cropping the raster is the gadm36_KEN_0 file.
Under Mask layer, select gadm36_KEN_0

Make sure to check the box Keep resolution of output raster. We want to maintain the
dimensions of our output which is at a resolution of 1km

The section “Clipped (mask)” is prompting the user to choose a location to save their new
cropped raster file. Click on the button and then select “Save to File...”. Name the file as
KEN_schools_victimisation_1by1km_clipped and it will be saved as a .tif

Click Run in Background and Close
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Wordpress_work/QGIS_tutorials/ Datasets/Rasters/KEN_schools_victimisation_1by1km_cipped.f

0% Cancel

Run as Batch Process... [Run in Background| |  Close Help

The new clipped layer will be added to the map canvas. However, it will be the temporary version
(i.e. stored in QGIS’ memory) and not one you saved as KEN_schools_victimised_1by1km_clipped.
You can remove ALL that is currently loaded into your Layers Panel and then, reload your saved
output (i.e. KEN_schools_victimised_1by1km_clipped) into the panel.

Make sure to move raster output beneath the layer gadm36_KEN_1 in the Layer panels. Also,
deactivate the KEN_Arson_schools_2016 layer by unchecking it. The output should look as follows:

7

Frocaseng Toolbex =]

As you can see the resulting image is in black and white at the moment. We can clear the
appearance and render it to something that can be interpreted by going into the properties of this
raster file. Since, we are dealing with cases/events in makes sense to use legends that contain
discrete values i.e. 1, 2, 3, 4 and so on.

e Right-click on KEN_schools_victimised_1by1km_clipped and select properties to access its
Layer Properties menu

o C(Click Symbology located on the left-hand side of the Layer Properties menu to access the
band rendering settings. Under Render type, select Singleband pseudocolor
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Under Band in min/max section - notice that maximum value predicted by the KDEs was
18.1927, and the minimum value predicted is something negligible. Let’s modify this by
typing 0 as the minimum value in the Min section. Now, type 20 as the maximum value in
the Max section. We are using the range from 0 to 20 to create our legends that hold
discrete values

Under Interpolation, select Discrete

Under Colour ramp, select Reds. The colour palette goes from lightest of reds to the darkest
of reds (i.e. lowest intensity of victimisation is represented by lightest of reds, and highest
victimisation are the darkest of reds)

Under Mode, choose Equal Intervals and select 10 as the number of classes. You will see a
notation inf at the last category. Do not be alarmed - it indicates any value from-to-
infinity. In our case its 18 and above. Change the label of infto “19 & above”. Important
note: The first category in the legend corresponds to any grid that has <2 schools that
were burnt. The next category corresponds to 3-4 schools that were burnt, the next 5-6
and so on. The labels for the categories have been modified accordingly (view image to
see changes)

Click Transparency located on the left-hand side of the Layer Properties menu to access
the Global transparency settings. You can set the levels of transparency to 80% by moving
the slider in the left direction

Now, click Apply and OK to finalise changes to appearance of results.
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The resulting layer using KDEs should appear as follows:
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Interpretation of output

We have produced a map showing the number of schools that were victims to arson attacks
during 2016 in Kenya. The map reports the number of schools burnt per 1km2. An example of
interpreting this map - areas with the darkest reds indicate that 19 schools (per 1km?2), at least,
were burnt in 2016. Whereas, areas with the lightest red colour indicates that most at, 2 schools
(per 1km?) were targeted and burnt down by arsonists.

Bear in mind that the results are on QGIS map canvas - you will need to go into the Print
Composer tool which allows the user to create high quality publication-styled maps for them to
be included in peer-viewed articles. The outputs can also be exported as an image (.png, .jpeg etc.)
or pdf document in Print Composer which can be shared with other stakeholders or researchers.
You can refer to earlier tutorials in the series to follow the steps in using Print Composer.

Do not forget to save this project and close it.

This concludes part 2 of lesson 5
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Appendix: Lesson 5
Data source(s)

Datafile Format Source

African_countries.shp (or Africa.shp)  Shape file  https://gadm.org/download world.html

National_boundary.shp Shape file  https://gadm.org/download country v3.html

ZAF assault_rates_2010.shp Shape file  1.) https://africaopendata.org/dataset/police-station-coordinates
2.) https: //africaopendata.org/dataset/police-statistics

gadm36_KEN_0.shp Shape file  https://gadm.org/download country v3.html

gadm36_KEN_1.shp Shape file  https://gadm.org/download country v3.html

KEN_Arson_schools_2016.shp Shape file  https://africaopendata.org/dataset/burning-school-in-kenya

Citation(s)

1 Global Administrative Areas (2012). GADM database of Global Administrative Areas, version 2.0. [online]
URL: www.gadm.org
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