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CHAPTER 1

Course Introduction

1.1 Foreword

1.1.1 Background

In 2008 we launched the Gentle Introduction to GIS, a completely free, open content resource for people who
want to learn about GIS without being overloaded with jargon and new terminology. It was sponsored by the
South African government and has been a phenomenal success, with people all over the world writing to us to
tell us how they are using the materials to run University Training Courses, teach themselves GIS and so on. The
Gentle Introduction is not a software tutorial, but rather aims to be a generic text (although we used QGIS in all
examples) for someone learning about GIS. There is also the QGIS manual which provides a detailed functional
overview of the QGIS application. However, it is not structured as a tutorial, but rather as a reference guide. At
Linfiniti Consulting CC. we frequently run training courses and have realised that a third resource is needed - one
that leads the reader sequentially through learning the key aspects of QGIS in a trainer-trainee format - which
prompted us to produce this work.

This training manual is intended to provide all the materials needed to run a 5 day course on QGIS, PostgreSQL
and PostGIS. The course is structured with content to suit novice, intermediate and advanced users alike and has
many exercises complete with annotated answers throughout the text.

1.1.2 License

@080

The Free Quantum GIS Training Manual by Linfiniti Consulting CC. is licensed under a Creative Commons Attri-
bution 4.0 International. Based on a work at https://github.com/qgis/QGIS-Training-Manual. Permissions beyond
the scope of this license may be available at https://github.com/qgis/QGIS-Training-Manual/blob/master/index.rst.

We have published this QGIS training manual under a liberal license that allows you to freely copy, modify and
redistribute this work. A complete copy of the license is available at the end of this document. In simple terms,
the usage guidelines are as follows:

* You may not represent this work as your own work, or remove any authorship text or credits from this work.

* You may not redistribute this work under more restrictive permissions than those under which it was pro-
vided to you.

 If you add a substantive portion to the work and contribute it back to the project (at least one complete
module) you may add your name to the end of the authors list for this document (which will appear on the
front page)

* If you contribute minor changes and corrections you may add yourself to the contributors list below.



http://linfiniti.com/dla
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://github.com/qgis/QGIS-Training-Manual
https://github.com/qgis/QGIS-Training-Manual/blob/master/index.rst
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If you translate this document in its entirety, you may add your name to the authors list in the form “Trans-
lated by Joe Bloggs”.

If you sponsor a module or lesson, you may request the author to include an acknowledgement in the
beginning of each lesson contributed, e.g.:

Note:

This lesson was sponsored by MegaCorp.

If you are unsure about what you may do under this license, please contact us at office @linfiniti.com and
we will advise you if what you intend doing is acceptable.

If you publish this work under a self publishing site such as http:://lulu.com we request that you donate the
profits to the QGIS project.

You may not commercialise this work, except with the expressed permission of the authors. To be clear,
by commercialisation we mean that you may not sell for profit, create commercial derivative works (e.g.
selling content for use as articles in a magazine). The exception to this is if all the profits are given to the
QGIS project. You may (and we encourage you to do so) use this work as a text book when conducting
training courses, even if the course itself is commercial in nature. In other words, you are welcome to make
money by running a training course that uses this work as a text book, but you may not profit off the sales
of the book itself - all such profits should be contributed back to QGIS.

1.1.3 Sponsoring Chapters

This work is by no means a complete treatise on all the things you can do with QGIS and we encourage others
to add new materials to fill any gaps. Linfiniti Consulting CC. can also create additional materials for you as a
commercial service, with the understanding that all such works produced should become part of the core content
and be published under the same license.

1.1.4 Authors

Riidiger Thiede (rudi@linfiniti.com) - Rudi has written the QGIS instructional materials and parts of the
PostGIS materials.

Tim Sutton (tim @linfiniti.com) - Tim has overseen and guided the project and co-authored the PostgreSQL
and PostGIS parts. Tim also authored the custom sphinx theme used for this manual.

Horst Diister (horst.duester @kappasys.ch ) - Horst co-authored the PostgreSQL and PostGIS parts

Marcelle Sutton (marcelle @linfiniti.com) - Marcelle provided proof-reading and editorial advice during the
creation of this work.

1.1.5 Individual Contributors

Your name here!

1.1.6 Sponsors

Cape Peninsula University of Technology

1.1.7 Data

Note:

The sample data used throughout the manual can be downloaded here:

http://qgis.org/downloads/data/training_manual_exercise_data.zip

The sample data that accompanies this resource is freely available and comes from the following sources:
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* Streets and Places datasets from OpenStreetMap (http://www.openstreetmap.org/)
* Property boundaries (urban and rural), water bodies from NGI (http://www.ngi.gov.za/)
* SRTM DEM from the CGIAR-CGI (http://srtm.csi.cgiar.org/)

1.1.8 Latest Version

You can always obtain the latest version of this document by visiting our home page which is kindly hosted by
http://readthedocs.org.

Note: There are links to PDF and epub versions of the documentation in the lower right hand corner of the above
mentioned home page.

Tim Sutton, May 2012

1.2 Preparing Exercise Data

The sample data provided with the Training Manual refers to the town of Swellendam and its surroundings.
Swellendam is located about 2 hours’ east of Cape Town in the Western Cape of South Africa. The dataset
contains feature names in both English and Afrikaans.

Anyone can use this dataset without difficulty, but you may prefer to use data from your own country or home
town. If you choose to do so, your localised data will be used in all lessons from Module 3 to Module 7.2. Later
modules use more complex data sources which may or may not be available for your region.

Note: This process is intended for course conveners, or more experienced QGIS users who wish to create
localised sample data sets for their course. Default data sets are provided with the Training Manual, but you may

follow these instructions if you wish to replace the default data sets.

Note: The sample data wused throughout the manual can be downloaded here:
http://qgis.org/downloads/data/training_manual_exercise_data.zip

1.2.1 V Try Yourself

Note: These instructions assume you have a good knowledge of QGIS and are not intended to be used as teaching
material.

If you wish to replace the default data set with localised data for your course, this can easily be done with tools
built into QGIS. The region you choose to use should have a good mix of urban and rural areas, containing roads
of differing significance, area boundaries (such as nature reserves or farms) and surface water, such as streams and
rivers.

* Open a new QGIS project

¢ In the Vector menu dropdown, select OpenStreetMap -> Download Data. You can then manually enter the
co-ordinates of the region you wish to use, or you can use an existing layer to set the co-ordinates.

* Choose a location to save the resulting .osm file and click Ok:

1.2. Preparing Exercise Data 3
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() From map canvas

() From layer
(») Manual

 Qutput file

'exercise_data/osm_data.osm

[ Close ] [ OK

* You can then open the .osm file using the Add Vector Layer button. You may need to select All files in the
browser window. Alternatively, you can drag and drop the file into the QGIS window.

e In the dialog which opens, select all the layers, except the other_relations and
multilinestrings layer:

4 Chapter 1. Course Introduction
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8.0.8 Select vector layers to add...

Layer 1D | Layer name Mumber of features | Geometry type
points Unknown Point
1 lines Unknown LineString
3 multipolygons Unknown MultiPolygon
4 other_relations  Unknown GeometryCollection

" SelectAll |

This will load four layers into your map which relate to OSM’s naming conventions (you may need to zoom in/out
to see the vector data).

000 QGlS - basic map
DEBEBLRIYNSLL2APLL/ASNRE & & e BE =0 32 0 BR
4./ 8B RB K 5= = B T e ¢ 2
e
) 1R
.ﬂ
VA
»
@
@
@
%
Vov
3
| Browser 4 —
8 object(s) removed. There is a plugin update available | Coordinate: | 20.3757,-34.0001 Scale [1:26,314 1+ %] Render £PSG:4326 (@] |

We need to extract the useful data from these layers, rename them and create corresponding shape files:
* First, double-click the multipolygons layer to open the Layer properties dialog.
¢ In the General tab, click Query Builder to open the Query builder window.
This layer contains three fields whose data we will need to extract for use throughout the Training Manual:
* building
* natural (specifically, water)
* landuse

You can sample the data your region contains in order to see what kind of results your region will yield. If you
find that “landuse” returns no results, then feel free to exclude it.

1.2. Preparing Exercise Data 5
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You’ll need to write filter expressions for each field to extract the data we need. We’ll use the “building” field as
an example here:

* Enter the following expression into the text area: building != "NULL" and click 7est to see how many
results the query will return. If the number of results is small, you may wish to have a look at the layer’s
Attribute Table to see what data OSM has returned for your region:

A Layer Properties - multipolygons | General

& General ¥ Layer info

= Style Layer name |multip0\ygon5 | displayed as  multipolygons

€3 Labels NN y— : _Query Builder

B8 Fields multipolygons
Fields Velhrs
Rendering

barrier

@ Display boundary

@ Actions

P craft
geological
historic
land_area

landuse ( 1(
; Sample ||
leisure

raan_macn Use unfiltered layer

: " Joins.

(v Diagrams

rf Metadata

¥ Operators

= |l < |J[ > |[uke |[ % |[ N |[ NOTIN |
<= | >= J[ 1= J[ mxe |[ anD |[ or |[ NOT |

Provider specific filter expression

"building” 1= 'NULL'|

| Help | | Test | | Clear | | Cancel | @
| Query Builder \
[ Load Style ... | | Save As Default | | Restore Default Style | | Save Style v |
| Help | | Apply | | cancel | | OK |

* Click Ok and you’ll see that the layer elements which are not buildings have been removed from the map.
We now need to save the resulting data as a shapefile for you to use during your course:
* Right-click the multipolygons layer and select Save As...

* Make sure the file type is ESRI Shapefile and save the file in your new exercise_data directory,
under a directory called “epsg4326”.

* Make sure No Symbology is selected (we’ll add symbology as part of the course later on).
* You can also select Add saved file to map.

Once the buildings layer has been added to the map, you can repeat the process for the natural and landuse
fields using the following expressions:

Note: Make sure you clear the previous filter (via the Layer properties dialog) from the multipolygons layer
before proceeding with the next filter expression!

6 Chapter 1. Course Introduction
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399

e natural: “natural = ‘water
¢ landuse: “landuse != ‘NULL™

Each resulting data set should be saved in the “epsg4326” directory in your new exercise_data directory (i.e.
“water”, “landuse”).

You should then extract and save the following fields from the 1ines and points layers to their corresponding
directories:

e lines: “highway != ‘NULL” to roads, and “waterway != ‘NULL” to rivers
* points: “place = ‘NULL” to places
Once you have finished extracting the above data, you can remove the multipolygons, lines and points layers.

You should now have a map which looks something like this (the symbology will certainly be very different, but
that is fine):

DEBELR NS LL 0 PLALMR & G ke BE =0 32 T BW
4./ 8B RBR & ¢ “MuBees @8

ISP HOHBINANS

=T erowser |

jin update available ¥ Coordinate: 20.5141,-34.0173 Scale (126,314 |+ & ™ Render EPSG:4326 @ y

The important thing is that you have 6 layers matching those shown above and that all those layers have some
data.

The last step is to create a spatiallite file from the 1anduse layer for use during the course:
* Right-click the 1anduse layer and select Save as...
* Select SpatialLite as the format and save the file as 1anduse under the “epsg4326” directory.
* Click Ok.

¢ Delete the 1anduse. shp and its related files (if created).

1.2.2 ' Try Yourself Create SRTM DEM tiff Files

For Module 6 (Creating Vector Data) and Module 8 (Rasters), you’ll also need raster images (SRTM DEM) which
cover the region you have selected for your course.

SRTM DEM can be downloaded from the CGIAR-CGI: http://srtm.csi.cgiar.org/

You’ll need images which cover the entire region you have chosen to use.

1.2. Preparing Exercise Data 7
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Once you have downloaded the required file(s), they should be saved in the “exercise_data” directory under
“raster/SRTM/”.

In Module 6, Lesson 1.2 shows close-up images of three school sports fields which students are asked to digitize.
You’ll therefore need to reproduce these images using your new SRTM DEM tiff file(s). There is no obligation to
use school sports fields: any three school land-use types can be used (e.g. different school buildings, playgrounds
or car parks).

For reference, the images in the example data are:

8 Chapter 1. Course Introduction
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1.2.3 0 Try Yourself Replace Tokens

Having created your localised dataset, the final step is to replace the tokens in the conf.py file so that the
appropriate names will appear in your localised version of the Training Manual.

The tokens you need to replace are as follows:

* majorUrbanName: this defaults to “Swellendam”. Replace with the name of the major town in your
region.

e schoolAreaTypel: this defaults to “athletics field”. Replace with the name of the largest school area
type in your region.

* largeLandUseArea: this defaults to “Bontebok National Park”. Replace with the name of a large
landuse polygon in your region.

* srtmFileName: this defaults to srtm_41_19.tif. Replace this with the filename of your SRTM
DEM file.

* localCRS: this defaults to WGS 84 / UTM 34S. You should replace this with the correct CRS for your
region.

1.2. Preparing Exercise Data 9
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CHAPTER 2

Module: The Interface

2.1 Lesson: A Brief Introduction

Welcome to our course! Over the next few days, we’ll be showing you how to use QGIS easily and efficiently. If
you’re new to GIS, we’ll tell you what you need to get started. If you’re an experienced user, you’ll see how QGIS
fulfills all the functions you expect from a GIS program, and more!

In this module we introduce the QGIS project itself, as well as explaining the user interface.

After completing this section, you will be able to correctly identify the main elements of the screen in QGIS and
know what each of them does, and load a shapefile into QGIS.

Warning: This course includes instructions on adding, deleting and altering GIS datasets. We have provided
training datasets for this purpose. Before using the techniques described here on your own data, always ensure
you have proper backups!

2.1.1 How to use this tutorial

Any text that looks like this refers to something on the screen that you can click on.
Text that looks — like — this directs you through menus.

This kind of text refers to something you can type, such as a command, path, or file name.

2.1.2 Tiered course objectives

This course caters to different user experience levels. Depending on which category you consider yourself to be
in, you can expect a different set of course outcomes. Each category contains information that is essential for the
next one, so it’s important to do all exercises that are at or below your level of experience.

vf Basic

In this category, the course assumes that you have little or no prior experience with theoretical GIS knowledge or
the operation of a GIS program.

Limited theoretical background will be provided to explain the purpose of an action you will be performing in the
program, but the emphasis is on learning by doing.

When you complete the course, you will have a better concept of the possibilities of GIS, and how to harness their
power via QGIS.

11
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¥ Intermediate

In this category, it is assumed that you have working knowledge and experience of the everyday uses of GIS.

Following the instructions for the beginner level will provide you with familiar ground, as well as to make you
aware of the cases where QGIS does things slightly differently from other software you may be used to. You will
also learn how to use analysis functions in QGIS.

When you complete the course, you should be comfortable with using QGIS for all of the functions you usually
need from a GIS for everyday use.

V Advanced

In this category, the assumption is that you are experienced with GIS, have knowledge of and experience with
spatial databases, using data on a remote server, perhaps writing scripts for analysis purposes, etc.

Following the instructions for the other two levels will familiarize you with the approach that the QGIS interface
follows, and will ensure that you know how to access the basic functions that you need. You will also be shown
how to make use of QGIS’ plugin system, database access system, and so on.

When you complete the course, you should be well-acquainted with the everyday operation of QGIS, as well as
its more advanced functions.

2.1.3 Why QGIS?

As information becomes increasingly spatially aware, there is no shortage of tools able to fulfill some or all
commonly used GIS functions. Why should anyone be using QGIS over some other GIS software package?

Here are only some of the reasons:

* It’s free, as in lunch. Installing and using the QGIS program costs you a grand total of zero money. No
initial fee, no recurring fee, nothing.

o It’s free, as in liberty. If you need extra functionality in QGIS, you can do more than just hope it will be
included in the next release. You can sponsor the development of a feature, or add it yourself if you are
familiar with programming.

e It’s constantly developing. Because anyone can add new features and improve on existing ones, QGIS never
stagnates. The development of a new tool can happen as quickly as you need it to.

* Extensive help and documentation is available. If you’re stuck with anything, you can turn to the extensive
documentation, your fellow QGIS users, or even the developers.

* Cross-platform. QGIS can be installed on MacOS, Windows and Linux.

Now that you know why you want to use QGIS, we can show you how. The first lesson will guide you in creating
your first QGIS map.

2.2 Lesson: Adding your first layer

We will start the application, and create a basic map to use for examples and exercises.

The goal for this lesson: To get started with an example map.

Note: Before starting this exercise, QGIS must be installed on your computer. Also, download the
training_manual_exercise_data. zip file from the QGIS data downloads area.

Launch QGIS from its desktop shortcut, menu item, etc., depending on how you configured its installation.
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Note: The screenshots for this course were taken in QGIS 2.0 running on MacOS. Depending on your setup, the
screens you encounter may well appear somewhat different. However, all the same buttons will still be available,

and the instructions will work on any OS. You will need QGIS 2.0 (the latest version at time of writing) to use this
course.

Let’s get started right away!

2.2.1 e Follow Along: Prepare a map
* Open QGIS. You will have a new, blank map.

* Look for the Add Vector Layer button: \‘C

¢ Click on it to open the following dialog:

nee Qcis
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S T G Encoding [ System 3| |
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06 Layers
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& Coordinate: 0.39505,0.94485 Scale [1:3285 v) |9/ MRender EPSG:4326 (@ |

¢ Click on the Browse button and navigate to the file exercise_data/epsg4326/roads. shp (in your
course directory). With this file selected, click Open. You will see the original dialog, but with the file path
filled in. Click Open here as well. The data you specified will now load.

Congratulations! You now have a basic map. Now would be a good time to save your work.
¢ Click on the Save As button:
» Save the map under exercise_data/ and call it basic_map.qggs.

Check your results

2.2.2 In Conclusion

You’ve learned how to add a layer and create a basic map!
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2.2.3 What’s Next?

Now you’re familiar with the function of the Add Vector Layer button, but what about all the others? How does
this interface work? Before we go on with the more involved stuff, let’s first take a good look at the general layout
of the QGIS interface. This is the topic of the next lesson.

2.3 Lesson: An Overview of the Interface

We will explore the QGIS user interface so that you are familiar with the menus, toolbars, map canvas and layers
list that form the basic structure of the interface.

The goal for this lesson: To understand the basics of the QGIS user interface.

2.3.1 ‘i Try Yourself: The Basics

QGIS 2.0.1-Dufour — basic_map

PLPRAPLLLR & ¢ By & fi Di‘ R *

=]
Ulo
o

5 |3
[x] BN
@\
8
1
i
& |

m
m
0
5 2
B
&
¢
‘

@  csssvrax

e =l

in availale. §§] Coordinato: 203614,33.9960 Scale (1222602 - (3] ¥ Render EPSG:4326 (@3]

The elements identified in the figure above are:
1. Layers List / Browser Panel
2. Toolbars
3. Map canvas
4. Status bar
5. Side Toolbar

‘l The Layers List

In the Layers list, you can see a list, at any time, of all the layers available to you.
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Expanding collapsed items (by clicking the arrow or plus symbol beside them) will provide you with more infor-
mation on the layer’s current appearance.

Right-clicking on a layer will give you a menu with lots of extra options. You will be using some of them before
long, so take a look around!

Some versions of QGIS have a separate Control rendering order checkbox just underneath the Layers list. Don’t
worry if you can’t see it. If it is present, ensure that it’s checked for now.

Note: A vector layer is a dataset, usually of a specific kind of object, such as roads, trees, etc. A vector layer can
consist of either points, lines or polygons.

i ' ..!'
The Browser Panel
The QGIS Browser is a panel in QGIS that lets you easily navigate in your database. You can have access to

common vector files (e.g. ESRI shapefile or MaplInfo files), databases (e.g.PostGIS, Oracle, Spatialite or MSSQL
Spatial) and WMS/WES connections. You can also view your GRASS data.

R
‘ Toolbars

Your most oft-used sets of tools can be turned into toolbars for basic access. For example, the File toolbar allows
you to save, load, print, and start a new project. You can easily customize the interface to see only the tools you
use most often, adding or removing toolbars as necessary via the View — Toolbars menu.

Even if they are not visible in a toolbar, all of your tools will remain accessible via the menus. For example, if
you remove the File toolbar (which contains the Save button), you can still save your map by clicking on the File
menu and then clicking on Save.

i
V The Map Canvas

This is where the map itself is displayed.

R
‘ The Status Bar

Shows you information about the current map. Also allows you to adjust the map scale and see the mouse cursor’s
coordinates on the map.

2.3.2 V Try Yourself 1

Try to identify the four elements listed above on your own screen, without referring to the diagram above. See if
you can identify their names and functions. You will become more familiar with these elements as you use them
in the coming days.

Check your results

2.3.3 V Try Yourself 2

Try to find each of these tools on your screen. What is their purpose?

2.3. Lesson: An Overview of the Interface 15
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Note: If any of these tools is not visible on the screen, try enabling some toolbars that are currently hidden. Also
keep in mind that if there isn’t enough space on the screen, a toolbar may be shortened by hiding some of its tools.

You can see the hidden tools by clicking on the double right arrow button in any such collapsed toolbar. You can
see a tooltip with the name of any tool by holding your mouse over the tool for a while.

Check your results

2.3.4 What’s Next?

Now you’ve seen how the QGIS interface works, you can use the tools available to you and start improving on
your map! This is the topic of the next lesson.
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CHAPTER 3

Module: Creating a Basic Map

In this module, you will create a basic map which will be used later as a basis for further demonstrations of QGIS
functionality.

3.1 Lesson: Working with Vector Data

Vector data is arguably the most common kind of data you will find in the daily use of GIS. It describes geographic
data in terms of points, that may be connected into lines and polygons. Every object in a vector dataset is called a
feature, and is associated with data that describes that feature.

The goal for this lesson: To learn about the structure of vector data, and how to load vector datasets into a map.

3.1.1 V Follow Along: Viewing Layer Attributes

It’s important to know that the data you will be working with does not only represent where objects are in space,
but also tells you what those objects are.

From the previous exercise, you should have the roads layer loaded in your map. What you can see right now is
merely the position of the roads.

To see all the data available to you, with the roads layer selected in the Layers panel:

¢ Click on this button:

It will show you a table with more data about the roads layer. This extra data is called attribute data. The lines
that you can see on your map represent where the roads go; this is the spatial data.

These definitions are commonly used in GIS, so it’s essential to remember them!
* You may now close the attribute table.

Vector data represents features in terms of points, lines and polygons on a coordinate plane. It is usually used to
store discrete features, like roads and city blocks.

3.1.2 i Follow Along: Loading Vector Data From Shapefiles

The Shapefile is a specific file format that allows you to store GIS data in an associated group of files. Each layer
consists of several files with the same name, but different file types. Shapefiles are easy to send back and forth,
and most GIS software can read them.

Refer back to the introductory exercise in the previous section for instructions on how to add vector layers.

Load the data sets into your map following the same method:

17
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* “places”
* “water”
e “rivers”
* “buildings”

Check your results

3.1.3 v Follow Along: Loading Vector Data From a Database

Databases allow you to store a large volume of associated data in one file. You may already be familiar with
a database management system (DBMS) such as Microsoft Access. GIS applications can also make use of
databases. GIS-specific DBMSes (such as PostGIS) have extra functions, because they need to handle spatial
data.

¢ Click on this icon: Fﬁﬂ
(If you’re sure you can’t see it at all, check that the Manage Layers toolbar is enabled.)
It will give you a new dialog. In this dialog:
* Click the New button.
* In the same folder as the other data, you should find the file landuse.sqlite. Select it and click Open.

You will now see the first dialog again. Notice that the dropdown select above the three buttons now reads
“land_use.db@...”, followed by the path of the database file on your computer.

* Click the Connect button. You should see this in the previously empty box:
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8086 Add Spatialite Table(s)
Databases

|_ landuse.sqlite@/Volumes/Drobo/sites/qgis/QGIS-Documentation/source/docs /1 £ |

| Connect || New || Delete |
Table A Type Geometry colu | Sqgl
¥ landuse.sqlite
landuse = POLYCON geometry

[ | Alse list tables with no geometry
| | Search options

EH&IPJ | Add | Set Filter | | Update statistics | | Close |
. ) . J . )

* Click on the 1anduse layer to select it, then click Add

Note: Remember to save the map often! The map file doesn’t contain any of the data directly, but it remembers
which layers you loaded into your map.

Check your results

3.1.4 Follow Along: Reordering the Layers

The layers in your Layers list are drawn on the map in a certain order. The layer at the bottom of the list is drawn
first, and the layer at the top is drawn last. By changing the order that they are shown on the list, you can change
the order they are drawn in.

Note: Depending on the version of QGIS that you are using, you may have a checkbox beneath your Layers list
reading Control rendering order. This must be checked (switched on) so that moving the layers up and down in

the Layers list will bring them to the front or send them to the back in the map. If your version of QGIS doesn’t
have this option, then it is switched on by default and you don’t need to worry about it.

The order in which the layers have been loaded into the map is probably not logical at this stage. It’s possible that
the road layer is completely hidden because other layers are on top of it.

For example, this layer order...

3.1. Lesson: Working with Vector Data 19
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... would result in roads and places being hidden as they run underneath urban areas.
To resolve this problem:
¢ Click and drag on a layer in the Layers list.

¢ Reorder them to look like this:
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You’ll see that the map now makes more sense visually, with roads and buildings appearing above the land use
regions.

3.1.5 In Conclusion

Now you’ve added all the layers you need from several different sources.

3.1.6 What’s Next?

Using the random palette automatically assigned when loading the layers, your current map is probably not easy
to read. It would be preferable to assign your own choice of colors and symbols. This is what you’ll learn to do in
the next lesson.
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3.2 Lesson: Symbology

The symbology of a layer is its visual appearance on the map. The basic strength of GIS over other ways of
representing data with spatial aspects is that with GIS, you have a dynamic visual representation of the data you’re
working with.

Therefore, the visual appearance of the map (which depends on the symbology of the individual layers) is very
important. The end user of the maps you produce will need to be able to easily see what the map represents.
Equally as important, you need to be able to explore the data as you’re working with it, and good symbology helps
alot.

In other words, having proper symbology is not a luxury or just nice to have. In fact, it’s essential for you to use a
GIS properly and produce maps and information that people will be able to use.

The goal for this lesson: To be able to create any symbology you want for any vector layer.

3.2.1 vl Follow Along: Changing Colors

To change a layer’s symbology, open its Layer Properties. Let’s begin by changing the color of the landuse layer.
* Right-click on the landuse layer in the Layers list.

* Select the menu item Properties in the menu that appears.

Note: By default, you can also access a layer’s properties by double-clicking on the layer in the Layers list.

In the Properties window:

 Select the Style tab at the extreme left:
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0086 # Layer Properties - landuse | Style
“. General ¥ Layer rendering
Layer transparency (@ El o
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
& Rendering ‘ % Single Symbol ¢_|
% Display JE
Unit | Millimeter 4|
TG) aciions Transparency 0% 1 =
Ao
¥ Joins Color
¥ Diagrams Symbol layers Saved styles [+]
[7] simple fill i
COrners diagenal dotted green land water wine
(& = | Symbolw | | Advancedw |
3 - 2 L J J
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | E

¢ Click the color select button next to the Color label.
A standard color dialog will appear.
* Choose a gray color and click OK.

* Click OK again in the Layer Properties window, and you will see the color change being applied to the
layer.

3.2.2 & Try Yourself

Change the water layer to a light blue color.

Check your results

3.23 i Follow Along: Changing Symbol Structure

This is good stuff so far, but there’s more to a layer’s symbology than just its color. Next we want to eliminate the
lines between the different land use areas so as to make the map less visually cluttered.

* Open the Layer Properties window for the landuse layer.
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Under the Style tab, you will see the same kind of dialog as before. This time, however, you’re doing more than
just quickly changing the color.

* In the Symbol Layers panel, expand the Fill dropdown (if necessary) and select the Simple fill option:

0086 /1 Layer Properties - landuse | Style
> General ¥ Layer rendering
Layer transparency Cr ElL;J
€= Labels Layer blending made | Normal % | Feature blending mode | Normal al
== Fields
4 Rendering | & Single Symbol 2
@ Display
Symbol layer type | Simple fill g
@ Actions .
@ Colors Fill Border | (EEGN
4 Joins
J Fill style [ N solid e
IER Diagrams Symbol layers Borderstyle | Solid Line B
q Metadata v [ Fil Border width 10.26000 |© | Millimeter |

B Simple fll Offset X,Y [0.00000 |5] [o.00000 5] [ Millimeter 3 |

| Data defined properties... |

| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |

[ eio | [ ool | [ Cancel |

* Click on the Border style dropdown. At the moment, it should be showing a short line and the words Solid
Line.

* Change this to No Pen.
* Click OK.

Now the landuse layer won’t have any lines between areas.

3.24 ﬂ Try Yourself

» Change the water layer’s symbology again so that it is has a darker blue outline.
* Change the rivers layer’s symbology to a sensible representation of waterways.

Check your results
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3.25 V’ Follow Along: Scale-Based Visibility

Sometimes you will find that a layer is not suitable for a given scale. For example, a dataset of all the continents
may have low detail, and not be very accurate at street level. When that happens, you want to be able to hide the
dataset at inappropriate scales.

In our case, we may decide to hide the buildings from view at small scales. This map, for example ...

666 QGIS 2.0.1-Dufour - basic_map
DEEBLROSESSBPOL AR & & Bk e BE =0 50 & 8w
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There s @ new olugin available (8| Coordinate: 20.4193,:34.0252 Scale 191066 |- 8] @ Render EPSG:4326 ()] |

... is not very useful. The buildings are hard to distinguish at that scale.
To enable scale-based rendering:

* Open the Layer Properties dialog for the buildings layer.

* Activate the General tab.

» Enable scale-based rendering by clicking on the checkbox labeled Scale dependent visibility:
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L. 8.0.6 /| Layer Properties - buildings | General
A General ¥ Layer info
-‘, Style Layer name |bui\dings ‘ displayed as buildings
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¥ Feature subset
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| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |

¢ Change the Maximum value to 1:10, 000.
¢ Click OK.

Test the effects of this by zooming in and out in your map, noting when the buildings layer disappears and
reappears.

Note: You can use your mouse wheel to zoom in increments. Alternatively, use the zoom tools to zoom to a
window:

Ye

3.2.6 ‘ Follow Along: Adding Symbol Layers
Now that you know how to change simple symbology for layers, the next step is to create more complex symbol-
ogy. QGIS allows you to do this using symbol layers.

* Go back to the landuse layer’s symbol properties panel (by clicking Simple fill in the Symbol layers panel).
In this example, the current symbol has no outline (i.e., it uses the No Pen border style).

Select the Fill in the Symbol layers panel. Then click the Add symbol layer button:
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Symbol layers

) ) 4

* Click on it and the dialog will change to look somewhat like this:
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0086 # Layer Properties - landuse | Style
" General ¥ Layer rendering
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@ Display
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| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |

| Help | | Apply | | Cancel |

(It may appear somewhat different in color, for example, but you’re going to change that anyway.)

Now there’s a second symbol layer. Being a solid color, it will of course completely hide the previous kind of
symbol. Plus, it has a Solid Line border style, which we don’t want. Clearly this symbol has to be changed.

Note: It’s important not to get confused between a map layer and a symbol layer. A map layer is a vector (or
raster) that has been loaded into the map. A symbol layer is part of the symbol used to represent a map layer. This

course will usually refer to a map layer as just a layer, but a symbol layer will always be called a symbol layer, to
prevent confusion.

With the new Simple Fill layer selected:
* Set the border style to No Pen, as before.

* Change the fill style to something other than Solid or No brush. For example:
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* Click OK. Now you can see your results and tweak them as needed.

You can even add multiple extra symbol layers and create a kind of texture for your layer that way.
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Symbol layers

v [Z] Fil

|| Simple fill

Simple fill

Simple fill

It’s fun! But it probably has too many colors to use in a real map...

3.2.7 6’ Try Yourself

* Remembering to zoom in if necessary, create a simple, but not distracting texture for the buildings layer
using the methods above.

Check your results

3.2.8 GJ Follow Along: Ordering Symbol Levels

When symbol layers are rendered, they are also rendered in a sequence, similar to the way the different map layers
are rendered. This means that in some cases, having many symbol layers in one symbol can cause unexpected
results.

* Give the roads layer an extra symbol layer (using the method for adding symbol layers demonstrated above).
* Give the base line a Pen width of 0. 3, a white color and select Dashed Line from the Pen Style dropdown.
* Give the new, uppermost layer a thickness of 1. 3 and ensure that it is a Solid Line.

You’ll notice that this happens:
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Well that’s not what we want at all!

To prevent this from happening, you can sort the symbol levels and thereby control the order in which the different
symbol layers are rendered.

To change the order of the symbol layers, select the Line layer in the Symbol layers panel, then click Advanced ->
Symbol levels... in the bottom right-hand corner of the window. This will open a dialog like this:
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| Enable symbol levels

Define the order in which the symbol layers are rendered. The
rwuimhad in the cells define in which rendering pass the layer
rawn.

Layer O Layer 1

| Cancel | | OK

Select Enable symbol levels. You can then set the layer ordering of each symbol by entering the corresponding
level number. O is the bottom layer.

In our case, we want to reverse the ordering, like this:
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8.0.8

1 Symbol Levels

will be drawn.

[+ Enable symbol levels

Define the order in which the symbol layers are rendered. The
numbers in the cells define in which rendering pass the layer

Layer O

- 1

Layer 1

mm

| Help |

[Cancel][ OK ]

This will render the dashed, white line above the thick black line.

* Click OK twice to return to the map.

The map will now look like this:
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;

Also note that the meeting points of roads are now “merged”, so that one road is not rendered above another.

When you’re done, remember to save the symbol itself so as not to lose your work if you change the symbol again
in the future. You can save your current symbol style by clicking the Save Style ... button under the Style tab of
the Layer Properties dialog. Generally, you should save as QGIS Layer Style File.

Save your style under exercise_data/styles. You can load a previously saved style at any time by clicking
the Load Style ... button. Before you change a style, keep in mind that any unsaved style you are replacing will be
lost.

3.2.9 Try Yourself

* Change the appearance of the roads layer again.

The roads must be narrow and mid-gray, with a thin, pale yellow outline. Remember that you may need to change
the layer rendering order via the Advanced -> Symbol levels... dialog.
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Check your results

3.2.10 & Try Yourself
Symbol levels also work for classified layers (i.e., layers having multiple symbols). Since we haven’t covered
classification yet, you will work with some rudimentary pre-classified data.

* Create a new map and add only the roads dataset.

* Apply the style advanced_levels_demo.qml provided in exercise_data/styles.

e Zoom in to the Swellendam area.

» Using symbol layers, ensure that the outlines of layers flow into one another as per the image below:

34 Chapter 3. Module: Creating a Basic Map



QGIS Training Manual, Release 2.6

Check your results

3.2.11 %" Follow Along: Symbol layer types

In addition to setting fill colors and using predefined patterns, you can use different symbol layer types entirely.
The only type we’ve been using up to now was the Simple Fill type. The more advanced symbol layer types allow
you to customize your symbols even further.

Each type of vector (point, line and polygon) has its own set of symbol layer types. First we will look at the types
available for points.

Point Symbol Layer Types

* Open your basic_map project.

¢ Change the symbol properties for the places layer:
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o Simple marker
airport arrow capital circle city diamond ellipse
o o * w * a P
pentagon square star star2 star3 triangle triangle2
(@] : - = | Symbolw | | Advanced ¥ |
B =
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | EE

* You can access the various symbol layer types by selecting the Simple marker layer in the Symbol layers
panel, then click the Symbol layer type dropdown:

| & Single Symbol ;_|

Ellipse marker L_
Symbol layer type
Calors Fill Vector Field marker
Size '2.00000 |U [ Milimeter =+ |
Symbol layers . , —_~
Outline width |0.00 |[£J [ Milimeter & |

v o Marker

’ Angle l0.00° |

Offset X,Y 0.00000 %] [o.00000 (%] [ Millimeter

(€D

4

| Data defined properties... |

o0 ¢ o + X A & &x & f 1 > b

* Investigate the various options available to you, and choose a symbol with styling you think is appropriate.
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* If in doubt, use a round Simple marker with a white border and pale green fill, with a size of 3, 00 and an
Outline width of 0 . 5.

Line Symbol Layer Types

To see the various options available for line data:

» Change the symbol layer type for the roads layer’s topmost symbol layer to Marker line:

Symbol layer type e
nMarker placement | =impieline J_-

(+) with interval 3.00 |L§J | Milimeter 3 |

| on every vertex
| on last vertex only
[ on first vertex only
() on central point

[V Rotate marker

Line offset 500000 4] [ Milimeter |

| Data defined properties |

* Select the Simple marker layer in the Symbol layers panel. Change the symbol properties to match this
dialog:
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# Layer Properties - roads | Style

¥ Layer rendering

Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields

Rendering ‘ i Single Symbol ¢_|
% Display
Symbel layer type \ Simple marker 2
@ Actions
4 Colors Fill Border
¥ Joins
. Size 0.50000 5 \ Millimeter :'\
IER Diagrams Symbol layers | ‘U
g Outline style Solid Line :]
'r; Metadata v Line = | |
. Marker line Outline width |0.00 ‘M | Millimeter & |
v Marker Angle |0'00 ° |L:J
Simple marker offsetxy  [0.00000 (3] [0.00000 ] [ Millimeter 3|
Simple line Anchor peint | HCenter = \ | VCenter = \

[ Data defined properties... |

o0 ¢ o + X A & o bl o> b
+ = | | & | & v
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | %

* Change the interval to 1, 00:
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0086 /! Layer Properties - roads | Style
% General ¥ Layer rendering
Layer transparency Cr ElL;J
€= Labels Layer blending mode [ Normal *| Feature blending mode | Normal ol
== Fields
Rendering ‘.M.
@ Display
Symbel layer type | Marker line =
(@ Actions Marker placement
o —
¥ Joins (=) with interval ||1_IJ(] |L1J] | Millimeter & |
IER Diagrams Symbol layers Q on every vertex
. () on last vertex only
G Metadata () on first vertex only
() on central point
v Marker
[?] Rotate marker
Simple marker Line offset |0.00000 5] [ Millimeter 3 |
Simple line
{ Data defined properties )
| (=@ |ldla¥]
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
(_Help | [ Apply | [ Cancel | (oK)

* Ensure that the symbol levels are correct (via the Advanced -> Symbol levels dialog we used earlier) before
applying the style.

Once you have applied the style, take a look at its results on the map. As you can see, these symbols change
direction along with the road but don’t always bend along with it. This is useful for some purposes, but not for
others. If you prefer, you can change the symbol layer in question back to the way it was before.

Polygon Symbol Layer Types

To see the various options available for polygon data:
* Change the symbol layer type for the water layer, as before for the other layers.
* Investigate what the different options on the list can do.
* Choose one of them that you find suitable.

* If in doubt, use the Point pattern fill with the following options:
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/1 Layer Properties - water | Style

¥ Layer rendering

Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields

Rendering ‘ i Single Symbol ¢_|
% Display
Symbel layer type \ Simple marker 2
@ Actions
4 Colors Fill Border _
¥ Joins
. Size 0.50000 5 \ Millimeter :'\
IER Diagrams Symbol layers | ‘U
o : Outline style Solid Line :]
'r; Metadata v Fill = | |
ine wi 0.00 ] [ Millimet :)
. Point pattern fil Outline width | ‘U | Millimeter ]
¥ - Marker Angle |0'00 ° |L:J
| Simple marker offsetx,y  [0.00000 || [0.00000 |3 [ Millimeter  : |
Anchor point | HCenter . \ | ViCenter o \

[ Data defined properties... |

o0 ¢ o+ X A & X % & | > b

[ Load Style ... ] [ Save As Default | Restore Default Style | | Save Style v |

| Help | [ Apply | | Cancel | EE
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/1 Layer Properties - water | Style

¥ Layer rendering

Layer transparency {/ El 3
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields

Rendering L i Single Symbol 3
% Display

Symbol layer type | Point pattern fill o

@ Actions -
Horizontal distance [1.00000 |[3] [ Millimeter 3|

: 4 Joins -
Vertical distance [1.00000 |[Z] [Millimeter ¢

IER Diagrams Symbol layers ~
- Horizontal displacement 0.00000 5| Millimeter 2|
G Metadata g :
P— Vertical displacement |0.00000 5] [illimeter %]

¥ - Marker [

Data defined properties... |

+ Simple marker

| Load Style ... || Save As Default | |

Restore Default Style

| | Save Style v |

| Help | | Apply |

* Add a new symbol layer with a normal Simple fill.
* Make it the same light blue with a darker blue border.

| Cancel | E

* Move it underneath the point pattern symbol layer with the Move down button:
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000 /1 Layer Properties - water | Style
" General ¥ Layer rendering
Layer transparency (@ El :
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
Rendering | & Single Symbal gl
@ Display
Symbol layer type | Simple fill gl
‘G) acions Colors Fill Border _
+ 4 Joins Fill style [ solid &l
= Diagrams Symbol layers Border style | Solid Line =
(@) Metadata v [ Fin Border width  |0.26000 |5 [Millimeter 7|
Offset X.Y [0.00000 |z] [o.00000 5] [ Millimeter 3 |

| Data defined properties... |

2 (2](d]lall®]

| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |

| Help | | Apply | | Cancel | E

As a result, you have a textured symbol for the water layer, with the added benefit that you can change the size,
shape and distance of the individual dots that make up the texture.

3.2.12 & Follow Along: Creating a Custom SVG Fill

Note: To do this exercise, you will need to have the free vector editing software Inkscape installed.

* Start the Inkscape program.

You will see the following interface:
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000 N\ New document 1 - Inkscape
Eile Edit wiew Layer Object Path Text Filters Extensions Help
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B & Y 1 @ H 1 px & Affect
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You should find this familiar if you have used other vector image editing programs, like Corel.

First, we’ll change the canvas to a size appropriate for a small texture.

¢ Click on the menu item File — Document Properties. This will give you the Document Properties dialog.

* Change the Units to px.
* Change the Width and Height to 100.

Close the dialog when you are done.
¢ Click on the menu item View — Zoom — Page to see the page you are working with.

¢ Select the Circle tool:
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000 N\ New document 1 - Inkscape
Eile Edit wiew Layer Object Path Text Filters Extensions Help
OBE& Ak Dwd Q@@ e @& BPTe@E %@
ER=1 00 ar v [0.001 @ H[oo01 px 5| Affect
I I I I I T A I T TP I I I I | A T T I T LI NI TR T T T o I TR T I o
e :
A -
£ -
Q\,:’;
[of
d b
3
W :
T
i 3
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g -
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o
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: 9
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z
8
i
ol
«( € 3 >
= HE' H B BN EEmaTT [ EEET | | I <
<€ ) T
o ke w010 | @ @ [-Layer1 ¢ shift: click to toggle select; drag for rubberband selection; Alt: click to select under: drag to move selected or select by touch ¥ 23z

* Click and drag on the page to draw an ellipse. To make the ellipse turn into a circle, hold the ct r1 button
while you’re drawing it.

* Right-click on the circle you just created and open its Fill and Stroke:

* Change the Stroke paint to a pale grey-blue and the Stroke style to a darker color with thin stroke:
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0600 [X| New document 1 - Inkscape
File Edit wiew Layer Object Path Text Filters Extensions Help
OheEé& Bk Dewld Q@@ Dad @8 PTeEE &B
qaaa qGaa aaaa aa
N e P S R BB B B IR TR B B B e @, 2Rl and Stroke (Shift+Cirl+F) E]
= 1 Fill |[stroke paint | =XStroke style
' =
. xOoomo?
“I
8 Flat color-
E RGB |HSL CMYK |Wheel CMS
= -
® - I -
O - = I -
S » el DDl v
o - i
b :
i 3
l? x RGBA,[00065eff ’
w ] Blur: |
A=), 0o |2
AI B Opacity, % =+
o = |
G
® - I
=
™ - U
4 i
& -
T
. v
Ty (= 5] L
e HE § O EEE EEEmaS L N L L __§
+ P — )
Il = . =
Sroce [T © (100-] ¥ @ [-Layer1 0 v leoa z [

* Draw a line using the Line tool:
* Click once to start the line. Hold ct r1 to make it snap to increments of 15 degrees.

* Click once to end the line segment, then right-click to finalize the line.

* Change its color and width to match the circle’s stroke and move it around as necessary, so that you end up

with a symbol like this one:
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0600 [X| New document 1 - Inkscape
File Edit wiew Layer Object Path Text Filters Extensions Help
OheEé& Bk Dewld Q@@ Dad @8 PTeEE &B
C-= ) = B B
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 Save it as landuse_symbol under the directory that the course is in, under exercise_data/symbols,

as an SVG file.
In QGIS:
* Open the Layer Properties for the landuse layer.

» Change the symbol structure to the following and find your SVG image via the Browse button:
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& Layer Properties - landuse | Style

¥ Layer rendering

O

Layer transparency

€ Labels

Layer blending mode { Normal

= ] Feature blending mode Normal

“r

== Fields

Rendering L & Single Symbol 3

% Display
@ Actions

d a
¥ Joins

IER Diagrams Symbol layers

v [ |Fil

SVG fill

¥ — Line

'ri Metadata

— Simple line

Symbol layer type | SVG fill aal

Texture width  [2.00000 5] [ Millimeter 3 |

|o.00

ar L et

0.00000

Rotation

Colors

Border width * | Millimeter 3|

| Data defined properties... |

SVG Croups

¥ [ App Symbols
(] accommoda...
[ amenity
(] arrows
[ backgrounds
(1] components
(1 crosses
[ emergency
[ entertainment
[ food
(] gpsicons
[ health
[ landmark

SVG Symbols

+ o+

bnfsourtejdo(sftraining_manualfexercise_dataf symbols/orchard.svg ‘

Save As Default |

v ]

Restore Default Style Save Style

You may also wish to update the svg layer’s border:

| Cancel | E
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& Layer Properties - landuse | Style

¥ Layer rendering

Layer transparency r El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields

Rendering L i Single Symbol 3
% Display
Symbel layer type \ Simple line 2
@ Actions
Color
4 Joins o
! Pen width | 0.26000 |[;] [ Millimeter |
|IER piagrams Symbol | A
e Offset | 0.00000 (3] [ Millimeter 3 |
'ri Metadata v Fill ; S
Pen style [ Solid Line gl
v SVGAll _
Join style | gy Bevel gl
M Line Cap style | I Square + |
e —
Dash pattern unit | Millimeter ]
[_| Draw line only inside polygon
[ Data defined properties... |
* = | | & || @ 4
| Load Style ... || Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel |

Your landuse layer should now have a texture like the one on this map:
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QGIS 2.0.1-Dufour - basic map

SRS SBPLRRR 8

2 @ [y sy w w o

G B b & BE =0 30

T B %

9 buildings

]
]
“
™ ' roads
]
]

p trors

L pS
There s 2 new plugin available (8] Coordinate:

o
=N erowser |

3.2.13 In Conclusion

20.44672,:34.02978. Scale (15522 ) 3] @ Render EPSG4326 ()]

Changing the symbology for the different layers has transformed a collection of vector files into a legible map.

Not only can you see what’s happening, it’s even nice to look at!

3.2.14 Further Reading

Examples of Beautiful Maps

3.2.15 What’s Next?

Changing symbols for whole layers is useful, but the information contained within each layer is not yet available
to someone reading these maps. What are the streets called? Which administrative regions do certain areas belong
to? What are the relative surface areas of the farms? All of this information is still hidden. The next lesson will

explain how to represent this data on your map.

Note: Did you remember to save your map recently?

3.2. Lesson: Symbology
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CHAPTER 4

Module: Classifying Vector Data

Classifying vector data allows you to assign different symbols to features (different objects in the same layer),
depending on their attributes. This allows someone who uses the map to easily see the attributes of various
features.

4.1 Lesson: Attribute Data

Up to now, none of the changes we have made to the map have been influenced by the objects that are being
shown. In other words, all the land use areas look alike, and all the roads look alike. When looking at the map,
the viewers don’t know anything about the roads they are seeing; only that there is a road of a certain shape in a
certain area.

But the whole strength of GIS is that all the objects that are visible on the map also have attributes. Maps in a GIS
aren’t just pictures. They represent not only objects in locations, but also information about those objects.

The goal of this lesson: To explore the attribute data of an object and understand what the various data can be
useful for.

4.1.1 vl Follow Along: Attribute data

Open the attribute table for the places layer (refer back to the section “Working with Vector Data” if necessary).
Which field would be the most useful to represent in label form, and why?

Check your results

4.1.2 In Conclusion

You now know how to use the attribute table to see what is actually in the data you’re using. Any dataset will only
be useful to you if it has the attributes that you care about. If you know which attributes you need, you can quickly
decide if you're able to use a given dataset, or if you need to look for another one that has the required attribute
data.

4.1.3 What’s Next?

Different attributes are useful for different purposes. Some of them can be represented directly as text for the map
user to see. You’ll learn how to do this in the next lesson.
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4.2 Lesson: The Label Tool

Labels can be added to a map to show any information about an object. Any vector layer can have labels associated
with it. These labels rely on the attribute data of a layer for their content.

Note: The Layer Properties dialog does have a Labels tab, which now offers the same functionality, but for this
example we’ll use the Label tool, accessed via a toolbar button.

The goal for this lesson: To apply useful and good-looking labels to a layer.

4.2.1 vl Follow Along: Using Labels

Before being able to access the Label tool, you will need to ensure that it has been activated.
* Go to the menu item View — Toolbars.

¢ Ensure that the Label item has a check mark next to it. If it doesn’t, click on the Label item, and it will be
activated.

¢ Click on the places layer in the Layers list, so that it is highlighted.

* Click on the following toolbar button: e
This gives you the Layer labeling settings dialog.
* Check the box next to Label this layer with....

You’ll need to choose which field in the attributes will be used for the labels. In the previous lesson, you decided
that the NAME field was the most suitable one for this purpose.

¢ Select name from the list:
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(¥ Label this layer with| NAME

¥ Text/Buffer sample

Lorem Ipsum

|Lorem Ipsum

Text

1*! Formatting [ Helvetica

sbe Buffer

@ Background

[
7 oo L& sl &

1-:¢ Placement
) 113.0000
7 Rendering

[ points

Color L]

Transparency {_r

Type case [ Mo change

Spacing letter |n.0mo

word 0.0000

* Click OK.

The map should now have labels like this:

4.2. Lesson: The Label Tool
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42.2 0 Follow Along: Changing Label Options

Depending on the styles you chose for your map in earlier lessons, you’ll might find that the labels are not
appropriately formatted and either overlap or are too far away from their point markers.

* Open the Label tool again by clicking on its button as before.

* Make sure Text is selected in the left-hand options list, then update the text formatting options to match
those shown here:
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Layer labeling setti

[V Label this layer with| name

w Text/Buffer sample

foreml|psum]

|Lorem Ipsum

Text

2*% Formatting [ Helvetica

abe Buffer

@ Background

[
2 o geaFe

1-:¢ Placement
113.0000

/ Rendering

[ points

Color

Transparency {_r

Type case [ Mo change

Spacing letter |n.nmo

word |0.0000

That’s the font problem solved! Now let’s look at the problem of the labels overlapping the points, but before we

do that, let’s take a look at the Buffer option.
* Open the Label tool dialog.
¢ Select Buffer from the left-hand options list.

* Select the checkbox next to Draw text buffer, then choose options to match those shown here:

4.2. Lesson: The Label Tool
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[V Label this layer with| name

w Text/Buffer sample

foreml|psum]

|Lorem Ipsum

abe Text

1*! Formatting
@ Background
) Shadow
1-:¢ Placement
7 Rendering

Text buffer

(¥ Draw text buffer ¢=|

Size |1.nono

[rnm

Color |

[ Color buffer's fill

Transparency {_r

Pen join style [ &% Bevel

Blend mode [ Normal

* Click Apply.

You’ll see that this adds a colored buffer or border to the place labels, making them easier to pick out on the map:
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Now we can address the positioning of the labels in relation to their point markers.

* In the Label tool dialog, go to the Placement tab.

* Change the value of Distance to 2mm and make sure that Around point is selected:

4.2. Lesson: The Label Tool
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806 Layer labeling settings

[ Label this layer with| name ]| €. | [ € |

w Text/Buffer sample

oremlip=tim)

[Lorem Ipsum M -

abe Text Placement

2*% Formatting

abe Buffer (s) Around point () Offset from point

@ Background ;

) Shadow Distance IIQ.DODU I|;| €,

[ mm ¢|€'

/ Rendering

w Data defined
Coordinate X (= Y {=
Alignment horizontal <= vertical =,

Rotation @' [ Preserve data rotation values

| Apply | | Cancel | [ OK |

e Click Apply.

You’ll see that the labels are no longer overlapping their point markers.

4.2.3 v’ Follow Along: Using Labels Instead of Layer Symbology

In many cases, the location of a point doesn’t need to be very specific. For example, most of the points in the
places layer refer to entire towns or suburbs, and the specific point associated with such features is not that specific
on a large scale. In fact, giving a point that is too specific is often confusing for someone reading a map.

To name an example: on a map of the world, the point given for the European Union may be somewhere in Poland,
for instance. To someone reading the map, seeing a point labeled European Union in Poland, it may seem that the
capital of the European Union is therefore in Poland.

So, to prevent this kind of misunderstanding, it’s often useful to deactivate the point symbols and replace them
completely with labels.

In QGIS, you can do this by changing the position of the labels to be rendered directly over the points they refer
to.

* Open the Layer labeling settings dialog for the places layer.
* Select the Placement option from the options list.

¢ Click on the Offset from point button.
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This will reveal the Quadrant options which you can use to set the position of the label in relation to the point
marker. In this case, we want the label to be centered on the point, so choose the center quadrant:

/1 Layer Properties - places | Labels

General [V Label this layer with| name s & ] & |
Style ¥ Text/Buffer sample
(abe  Labels Lorem Ipsum
= Fields
@ Display ) :
Lorem Ipsum M T 7
”G} Actions R
A #bc Text Placement
{/Joins 2*! Formatting
|IER Diagrams ake Buffer () Around point () Offset from point
W Background
'(i Metadata ) Shadow

Gt | & | &= | = | €
= | &

_/ Rendering

e || @a | @

Offset X,¥ [0.0000 |[%] 0.0000 |SK=S
[mm aR="
Rotation [0.00° |8}

¥ Data defined

Coordinate X E' Y E'

Alignment horizontal (Z' vertical (Z'

Rotation E, M Preserve data rotation values

¥ Priority

Low \/ High

[ Load Style ... )

Save As Default | | Restore Default Style | | Save Style v |

[(Help | [ Apply | | Cancel |

* Hide the point symbols by editing the layer style as usual, and setting the size of the Ellipse marker width
and height to 0:
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. 86.0.6 jes - .
le
=
w Layer rendering
% S ' ‘
Labels Layer transparency r EI @
Fields Layer blending mode [ Normal + | Feature blending mode Normal . ]

Single Symbol =

Symbol layer type Ellipse marker

[57] piagrams Colors Fil | GENSSNNNS Soder | |
0 Metadata Symbol width 0,000000 |[5] [Milimeter |

Symbol layers Outine width  [0.000000 |[] [ Milimeter

v Marker
Rotation |0.00
. Ellipse marker

Symbol height  0,000000 |E] [ Milimeter

Offset XY [0.00000 |@ 0.00000 |@ [ Milimeter & |

Data defined properties...

(#] [(=](d)[a][=

Restore Default Style Save As Default Save Style L4
[ J J

((Cancel | 0K

* Click OK and you’ll see this result:
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0086 ./ Layer Properties - places | Style
% General ¥ Layer rendering
Layer transparency (@ El[;]
€3 Labels Layer blending mode [ Normal *| Feature blending mode | Normal N
== Fields
® Display | & Single Symbal 2
,@ Actions
- P Symbel layer type \ Ellipse marker 2
¥ Joins
Colors Fill Border _
|IER piagrams
N Symbol width | 0.000000 [[s] [Milimeter =
'{i Metadata Symbol layers U [ ]
Outline style | ——Solid Line il
v Marker : g
ine wi 0.000000 2] [ Millimet .
Ellipse marker Outline width | |U | Millimeter |
Rotation [0.00 [B]
Symbol height |0.000000 |(z] [ Millimeter  + |
Offset X,Y lo.00000 13| [0.00000 |[}] [ Millimeter  +|
Anchor point | HCenter +| [ VCenter o

| Data defined properties... |

(= -

| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |

| Help | | Apply | | Cancel | E

If you were to zoom out on the map, you would see that some of the labels disappear at larger scales to avoid
overlapping. Sometimes this is what you want when dealing with datasets that have many points, but at other
times you will lose useful information this way. There is another possibility for handling cases like this, which
we’ll cover in a later exercise in this lesson.

4.2.4 &I Try Yourself Customize the Labels

* Return the label and symbol settings to have a point marker and a label offset of 2. 00mm. You may like to
adjust the styling of the point marker or labels at this stage.

Check your results
* Set the map to the scale 1:100000. You can do this by typing it into the Scale box in the Status Bar.
* Modify your labels to be suitable for viewing at this scale.

Check your results
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4.2.5 W Follow Along: Labeling Lines

Now that you know how labeling works, there’s an additional problem. Points and polygons are easy to label, but
what about lines? If you label them the same way as the points, your results would look like this:
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We will now reformat the roads layer labels so that they are easy to understand.

* Hide the Places layer so that it doesn’t distract you.

 Activate labels for the streets layer as before.

e Zoom in on the Swellendam town area.

Set the font Size to 10 so that you can see more labels.

In the Label tool dialog’s Advanced tab, choose the following settings:
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Layer labeling setti |

[V Label this layer with| NAME

w Text/Buffer sample

Lorem Ipsum

Lorem Ipsum

abe Text Placement
2*% Formatting
abe Buffer (s) Parallel () Curved () Horizontal

@ Background
) Shadow Position | | Above line ™ On line [ | Below line

Line orientation dependent position

/ Rendering Distance 0.0000

mm

w Data defined

Coordinate X ¢=| Y ¢=|,

Alignment horizental {f" vertical E‘v

You’ll probably find that the text styling has used default values and the labels are consequently very hard to read.
Set the label text format to have a dark-grey or black Color and a light-yellow buffer.

The map will look somewhat like this, depending on scale:
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You'll see that some of the road names appear more than once and that’s not always necessary. To prevent this
from happening:

* In the Label labelling settings dialog, choose the Rendering option and select the Merge connected lines to
avoid duplicate labels:
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806 Layer labeling settings

[ Label this layer with| name [ €. |

w Text/Buffer sample

Lorem Ipsum

[ | Label every part of multi-part features

“| | (¥ Merge connected lines to avoid duplicate labels
|| Limit number of features to be labeled to

2000
Suppress labeling of features smaller than

Lorem Ipsum m =¥
abe Text Rendering

2*% Formatting T = | T T =y

sbe Buffer Show upside-down labels

. Background @ never Owhen rotation defined Oa]ways

J Shadow

+ Placement w Feature options

0.00 mm

[V Discourage labels from covering features

[ 2eply ] ([ Cancel ) (NSNS

* Click OK

Another useful function is to prevent labels being drawn for features too short to be of notice.

* In the same Rendering panel, set the value of Suppress labeling of features smaller than ... to 5mm and note

the results when you click Apply.

Try out different Placement settings as well. As we’ve seen before, the horizontal option is not a good idea in this

case, so let’s try the curved option instead.
* Select the Curved option in the Placement panel of the Layer labeling settings dialog.

Here’s the result:
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As you can see, this hides a lot of the labels that were previously visible, because of the difficulty of making some
of them follow twisting street lines and still be legible. You can decide which of these options to use, depending
on what you think seems more useful or what looks better.

4.2.6 & Follow Along: Data Defined Settings

* Deactivate labeling for the Streets layer.

* Reactivate labeling for the Places layer.

* Open the attribute table for Places via the button.

It has one fields which is of interest to us now: place which defines the type of urban area for each object. We
can use this data to influence the label styles.

* Navigate to the Text panel in the places Labels panel.

* In the [talic dropdown, select Edit . . . to open the Expression string builder:
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_Function List

Selected Function Help

Search

Operators Operators Group
Conditionals
Math This group contains operators e.g +-*
Conversions
Date and Time
String

Color

Geometry

Record

Fields and Values

YYYYYYTYYTYY

Dperators

= +

_Expression

In the text input, type: "place" = ’town’ and click Ok twice:
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_Function List

Search

Date and Time

String

Caolor

Geometry

Record

Fields and Values
osm_id
name
barrier
highway
ref
address
is_in

man_made
other_tags

Dperators

_Selected Function Help

Field

Double click to add field name to expression string.

Right-Click on field name to open context menu
sample value loading options.

_Field values

‘hamlet'

ocality’
'suburb’

town'

[ Load all unigue values [ Load 10 sample values ]

= +

_Expression

"place’ = ‘town’

Output preview: 1

Notice its effects:
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4.2.7 ' Try Yourself Using Data Defined Settings

Note: We’re jumping ahead a bit here to demonstrate some advanced labeling settings. At the advanced level,
it’s assumed that you’ll know what the following means. If you don’t, feel free to leave out this section and come

back later when you’ve covered the requisite materials.

¢ Open the Attribute Table for places.

* Enter edit mode by clicking this button: j

¢ Add a new column:

* Configure it like this:
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806 Addcolumn

MName FONT_SIZE

Comment

Type l Whole number (integer) . ]

integer

Wah 3 I

Precision

* Use this to set custom font sizes for each different type of place (i.e., each key in the PLACE field).

Check your results

4.2.8 i Further Possibilities With Labeling

We can’t cover every option in this course, but be aware that the Label ool has many other useful functions. You
can set scale-based rendering, alter the rendering priority for labels in a layer, and set every label option using
layer attributes. You can even set the rotation, XY position, and other properties of a label (if you have attribute
fields allocated for the purpose), then edit these properties using the tools adjacent to the main Label tool:

(These tools will be active if the required attribute fields exist and you are in edit mode.)

Feel free to explore more possibilities of the labeling system.

4.2.9 In Conclusion

You’ve learned how to use layer attributes to create dynamic labels. This can make your map a lot more informative
and stylish!
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4.2.10 What’s Next?

Now that you know how attributes can make a visual difference for your map, how about using them to change
the symbology of objects themselves? That’s the topic for the next lesson!

4.3 Lesson: Classification

Labels are a good way to communicate information such as the names of individual places, but they can’t be used
for everything. For example, let’s say that someone wants to know what each landuse area is used for. Using

labels, you’d get this:
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This makes the map’s labeling difficult to read and even overwhelming if there are numerous different landuse

areas on the map.

The goal for this lesson: To learn how to classify vector data effectively.

4.3.1 ‘} Follow Along: Classifying Nominal Data

¢ Open the Layer Properties dialog for the landuse layer.

* Go to the Style tab.

* Click on the dropdown that says Single Symbol and change it to Categorized:

4.3. Lesson: Classification

7



QGIS Training Manual, Release 2.6

& Layer Properties - landuse | Style
¥ Layer rendering
Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
& Rendering + Categorized o
8 Display Column | Tv] \ B \
@ Actions ) )
- . Symbol | [ | Change... | Color ramp | Random colors s Cllinvert
* ¥ Joins
‘Symbol ¥ Value | Label
IER Diagrams
'ri Metadata
| Classify | | Add | | Delete | | Deleteall | Join | | Advanced ¥ |
[ Load Style ... || Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | @

* In the new panel, change the Column to landuse and the Color ramp to Greens.

¢ Click the button labeled Classify:
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& Layer Properties - landuse | Style

¥ Layer rendering

Feature blending mode

| Color ramp [ Ml Creens

“r

Normal

:] [ Invert

Layer transparency C
€= Labels Layer blending mode [ Normal
E=5 Fields
& Rendering £ Categorized &
% Display Column |Ianduse t| ([ E. ]
@ Actions
- > Symbol | [ | Change...
* ¥ Joins
IER Diagrams
_ ] ceme... cemetery
p
(7' Metadata O conse... conservation
O farml... farmland
= forest  forest
[ grass  grass
7] indus... industrial
] reser... reservoir
[ ] resid... residential
[ ] villag... village_green

W Value Label |

[ Classify | [ Add ] [ Delete ] [ Delete all | Join Advanced ¥ |
[ Load Style ... J { Save As Default | [ Restore Default Style ] [ Save Style v}

Help | | Apply

* Click OK.

You’ll see something like this:

Cancel | E
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* Click the arrow (or plus sign) next to landuse in the Layer list, you’ll see the categories explained:

|| forest
] grass

] industrial

B reservoir

B residential
B village_green

00 Layers
» M places
» M (7 buildings
» M /" roads
» M 0 water
» M 7 rivers
|| cemetery
|| conservation
| ] farmiland

Now our landuse polygons are appropriately colored and are classified so that areas with the same land use are the
same color. You may wish to remove the black border from the landuse layer:
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* Open Layer Properties, go to the Style tab and select Symbol.
* Change the symbol by removing the border from the Simple Fill layer and click OK.

You’ll see that the landuse polygon outlines have been removed, leaving just our new fill colours for each cate-
gorisation.

* If you wish to, you can change the fill color for each landuse area by double-clicking the relevant color

block:
006 /1 Layer Properties - landuse | Style
< General
Unit Millimeter = _
o Svie | Milmeter ) o I
Transparency 0%
€ Labels |
Color — Y
Field: N |
W Flelds Symbol layers Saved styles -
4 Rendering
Displ
98 Display M simple fill L . i | |
@ Actions corners  diagonal dotted green land water
| [ ] Clinvert
+ 4 Joins R —
) ) | Symbol¥ |
|ER Diagrams @ (= o -
"r;' Metadata
(Concet | ()
indus... industrial
reser... reservoir
resid... residential
villag... village green
assi elete elete a oin vanced v
| Classi | Add | | Delete | [ Delete all Joi Advanced v |
o e ... ave As Default estore Default Style ave Style v
_ Load Styl ] Save As Defaul R DefaultStyle | | Save Styl ]
| Help | | Apply | | cancel | | OK |

Notice that there is one category that’s empty:
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0086 # Layer Properties - landuse | Style
“. General ¥ Layer rendering
Layer transparency (@ El[;]
€3 Labels Layer blending mode [ Normal *| Feature blending mode | Normal N
== Fields
Rendering | & Categorized 2
8 Display Column landuse [=] [ E. ]
(@ Actions
- . Symbol | [ | Change... | Color ramp | WMl Greens s Cllinvert
: ¥ Joins
bol ¥ Value  Label
IER Diagrams
] ceme... cemetery
q Metadata O conse... conservation
O farml... farmland
= forest  forest
[ grass  grass
7] indus... industrial
] reser... reservoir
ol | resid... residential
[ ] villag... village_green
| Classify | | Add | | Delete | | Deleteall | Join | | Advanced ¥ |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |

This empty category is used to color any objects which do not have a landuse value defined or which have a NULL
value. It is important to keep this empty category so that areas with a NULL value are still represented on the map.
You may like to change the color to more obviously represent a blank or NULL value.

Remember to save your map now so that you don’t lose all your hard-earned changes!

4.3.2 ‘i Try Yourself More Classification

If you’re only following the basic-level content, use the knowledge you gained above to classify the buildings
layer. Set the categorisation against the building column and use the Spectral color ramp.

Note: Remember to zoom into an urban area to see the results.

4.3.3 y Follow Along: Ratio Classification

There are four types of classification: nominal, ordinal, interval and ratio.

In nominal classification, the categories that objects are classified into are name-based; they have no order. For
example: town names, district codes, etc.
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In ordinal classification, the categories are arranged in a certain order. For example, world cities are given a rank
depending on their importance for world trade, travel, culture, etc.

In interval classification, the numbers are on a scale with positive, negative and zero values. For example: height
above/below sea level, temperature above/below freezing (0 degrees Celsius), etc.

In ratio classification, the numbers are on a scale with only positive and zero values. For example: temperature
above absolute zero (0 degrees Kelvin), distance from a point, the average amount of traffic on a given street per
month, etc.

In the example above, we used nominal classification to assign each farm to the town that it is administered by.
Now we will use ratio classification to classify the farms by area.

 Save your landuse symbology (if you want to keep it) by clicking on the Save Style ... button in the Style
dialog.

We’re going to reclassify the layer, so existing classes will be lost if not saved.
* Close the Style dialog.
* Open the Attributes Table for the landuse layer.

We want to classify the landuse areas by size, but there’s a problem: they don’t have a size field, so we’ll have to
make one.

* Enter edit mode by clicking this button:

¢ Add a new column with this button:

* Set up the dialog that appears, like this:
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Comment

Type [_Elncimﬂl number (double)

FLOAT

Width 5 @

[ Cancel | (0K

* Click OK.

The new field will be added (at the far right of the table; you may need to scroll horizontally to see it). However,
at the moment it is not populated, it just has a lot of NULL values.

To solve this problem, we’ll need to calculate the areas.

* Open the field calculator:

=

You’ll get this dialog:
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[ | Only update selected features

GCreate a new field | | Update existing field
Output field name |

Output field type | Binary object (BLOB) | PKUID
Output field width 0 |° Precision 0 :

_Function List

Selected Function Help

Search

Operators
Conditionals
Math
Conversions
Date and Time
String

Color
Geometry
Record

Fields and Values

>
[ 2
»>
>
»>
>
>
>
>
>

Output preview:

» Change the values at the top of the dialog to look like this:

[ | Only update selected features

[ | Create a new field [ Update existing field

Output field name

Output field type | Binary object (BLOB) e [ AREA ;]

Output field width 0  |*| Precision 0 %

* In the Function List, select Geometry — $area:
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006 Field calculator
[ | Only update selected features
[ | Create a new field [ Update existing field
Output field name
Output field type | Binary object (BLOB) s | AREA -
Output field width 0 *| Precision 0
Function List
Selected Function Help
Search
» Conversions $area function
p Date and Time
» String Returns the area size of the current feature.
» Color )
v Geometry Syntax
xat 3
yat area
Slength Arguments
$perimeter None
Bx
By
Operators
= + - ! * A { )
Expression
Output preview:
| Help | | Cancel | OK

* Double-click on it so that it appears in the Expression field.
¢ Click OK.

Now your AREA field is populated with values (you may need to click the column header to refresh the data). Save
the edits and click Ok.

Note: These areas are in degrees. Later, we will compute them in square meters.

* Open the Layer properties dialog’s Style tab.

Change the classification style from Categorized to Graduated.

Change the Column to AREA:

Under Color ramp, choose the option New color ramp... to get this dialog:
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€I Labels

E=5 Fields

4’ Rendering
% Display
@ Actions

: 1Joins

IER Diagrams

'ri Metadata

& Layer Properties - landuse | Style

Column

Symbol

Color ramp

¥ Layer rendering

Layer transparency r

Layer blending mode

| Normal

| & Graduated &l

- ] Feature blending mode

[ AREA

M Blues
B Wesc
Ml 5uGn
Il cuPu
Ml crBu
Ml Greens

v

Vi

B |[ £ )

Change...

P [ Invert

Normal

“r

| Classes |S

Mode | Equal Interval |

Ml OrRd
Wl Cranges
I WPRGn
I 1 PIYG
M PuBu
- PuBuGn
I M Puor
W Furd
Wl Furples
B W rdBu
E  Hrdcy
I RoFu
B WrdviBu
B W rdvicn

I Reds

[ 1 Spectral

Ml vicn

Wl v\GrBu
Ml v\orer
Ml v\OrRd

[ Classify

New color ramp...

Delete all |

| Advanced v |

[ Load Style ... ||

Save As Default

Restore Default Style

Save Style v |

[ Help | [ Apply |

¢ Choose Gradient (if it’s not selected already) and click OK. You’ll see this:

| Cancel | @
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& Layer Properties - landuse | Style

¥ Layer rendering

Color 1 B Change... [
Layer transparen El@
Color 2 Change... | )
€= Labels Layer blending | ode Normal gl
B Fields Type Continuous =
S—— ["] Multiple stops
Rendering L <L Graduated
: Color Offset (%) . Add stop
% Display Column |
@ = Remove stop
. ctions L -
Symbol | | Classes |5 =
d . - |
* ¥ Joins i i
Colorramp | New  prayiew Mode | Equal Interval |
IER Diagrams
- Symbol ¥ Value | i
{2 Metadata
Information | Cancel | @
| Classify | | Addclass | | Delete | | Deleteall | | Advanced v |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | [ OK

You’ll be using this to denote area, with small areas as Color I and large areas as Color 2.

* Choose appropriate colors.

In the example, the result looks like this:
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& Layer Properties - landuse | Style

¥ Layer rendering

Color 1 [ Change... ) [
Layer transparen El@
Color 2 | @ Change... | )
€= Labels Layer blending ' | ode Normal gl
B Fields Type Continuous =
S—— ["] Multiple stops
4’ Rendering ‘ <L Graduated
: Color Offset (%) . Add stop
% Display Column |
. Remove stop
@ Actions 1 1 .
5 .
. ymbol | _| Classes |S |U
* ¥ Joins i i
Colorramp | New  prayiew Mode | Equal Interval |

IER Diagrams

- Symbol ¥ Value L
(7' Metadata

Information | Cancel | @

| Classify | | Addclass | | Delete | | Deleteall | | Advanced v |

[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |

| Help | [ Apply | | Cancel | [ OK

* Click OK.
¢ Choose a suitable name for the new color ramp.
* Click OK after filling in the name.

Now you’ll have something like this:
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& Layer Properties - landuse | Style

¥ Layer rendering

Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields
4’ Rendering | < Graduated +]

% Display Column [ |l| | B \
@ Actions -
Symbol | B Change... | Classes |5 |[2j
' 1Joins i o i

Color ramp | . new_greens. D \ || Invert Mode \ Equal Interval |

IER Diagrams

0.0000 - 0.0007

0.000... 0.0007 - 0.0013

0.0013 - 0.0020

0.0020 - 0.0027
.0027 - 0.00

'ri Metadata

‘Symbol ¥ [ Value | Label
D 0.000...

L [

| Classify | | Addclass | | Delete | | Deleteall | | Advanced v |

[ Load Style ... ] [ Save As Default |

Restore Default Style | | Save Style v |

| Help | [ Apply | | Cancel |

Leave everything else as-is.

e Click Ok:
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4.3.4 0 Try Yourself Refine the Classification

* Getrid of the lines between the classes.
¢ Change the values of Mode and Classes until you get a classification that makes sense.

Check your results

4.3.5 0 Follow Along: Rule-based Classification
It’s often useful to combine multiple criteria for a classification, but unfortunately normal classification only takes
one attribute into account. That’s where rule-based classification comes in handy.

* Open the Layer Properties dialog for the landuse layer.

» Switch to the Style tab.

» Switch the classification style to Rule-based. You’ll get this:
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8.0.6

*_ General

€ Labels

== Fields

” Rendering
% Display
@ Actions
: ‘ Joins

IER Diagrams

q Metadata

& Layer Properties - landuse | Style

¥ Layer rendering
Layer transparency {/ El 3
Layer blending mode { Normal = ] Feature blending mode Normal :]
Rule-based oy
Label Rule Min. scale Max. scale | Count |Duplicate count
] (no filter)
| & || A || = | Refine current rules ¥ | | Count features | | Rendering order... |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | E

Click the Add rule button: @

A new dialog then appears.

* Click the ellipsis ... button next to the Filter text area.

Using the query builder that appears, enter the criterion "landuse" = ’residential’ AND

" name n
border:

4

|majorUrbanName |

", click Ok and choose a pale blue-grey for it and remove the
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Function List

Selected Function Help

Search

Operators Operators Group
Conditionals
Math This group contains operators e.g +-*
Conversions
Date and Time
String

Color

Geometry

Record

Fields and Values

YYYYYTYTYTYTYY

Expression

"landuse" = 'residential'
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0086 # Layer Properties - landuse | Style
" General ¥ Layer rendering
Layer transparency (@ El o
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
Rendering Rule-based oy
® Display Label Rule Min. scale  Max. scale | Count |Duplicate count
] (o filter)
8 actions
’ 4 Joins
IER Diagrams
q Metadata
| & || A || = | Refine current rules» | | Count features | | Rendering order... |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |
e Add a new criterion "landuse" != ’residential’ AND AREA >= 0.00005 and choose a
mid-green color.
* Add another new criterion "name" = ’ |majorUrbanName| ’ and assign ita darker grey-blue color

in order to indicate the town’s importance in the region.
* Click and drag this criterion to the top of the list.

These filters are exclusive, in that they collectively exclude some areas on the map (i.e. those which are smaller
that 0.00005, are not residential and are not ‘Swellendam®). This means that the excluded polygons take the style
of the default (no filter) category.

We know that the excluded polygons on our map cannot be residential areas, so give the default category a suitable
pale green color.

Your dialog should now look like this:
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& Layer Properties - landuse | Style

¥ Layer rendering
Layer transparency C El@
€= Labels Layer blending mode { Normal - ] Feature blending mode Normal :]
E=5 Fields
4 Rendering | Rule-based 3]
® Display Label Rule Min. scale | Max. scale | Count | Duplicate count
(no filter)
@ Actions "name" = 'Swellendam’
"landuse” = 'residential' AND "name" |= "Swellendam’
t 'fjoing [ ] "landuse" = 'residential' AND AREA >= 0.00005
IER Diagrams
"fi Metadata
(@ | [ A ][ & ] Refine current rules v | [ Count features | | Rendering order... |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | E

¢ Apply this symbology.

Your map will look something like this:
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Fo

There is a new olugin available (@] Coordinate: | 204763340699 | Scale 123396 I+ |&/| ¥ Render EPSG:4326

Now you have a map with Swellendam the most prominent residential area and other non-residential areas colored
according to their size.

4.3.6 In Conclusion
Symbology allows us to represent the attributes of a layer in an easy-to-read way. It allows us as well as the map

reader to understand the significance of features, using any relevant attributes that we choose. Depending on the
problems you face, you’ll apply different classification techniques to solve them.

4.3.7 What’s Next?

Now we have a nice-looking map, but how are we going to get it out of QGIS and into a format we can print out,
or make into an image or PDF? That’s the topic of the next lesson!
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CHAPTER 5

Module: Creating Maps

In this module, you’ll learn how to use the QGIS Map Composer to produce quality maps with all the requisite
map components.

5.1 Lesson: Using Map Composer

Now that you’ve got a map, you need to be able to print it or to export it to a document. The reason is, a GIS map
file is not an image. Rather, it saves the state of the GIS program, with references to all the layers, their labels,
colors, etc. So for someone who doesn’t have the data or the same GIS program (such as QGIS), the map file will
be useless. Luckily, QGIS can export its map file to a format that anyone’s computer can read, as well as printing
out the map if you have a printer connected. Both exporting and printing is handled via the Map Composer.

The goal for this lesson: To use the QGIS Map Composer to create a basic map with all the required settings.

i1
5.1.1 - Follow Along: The Composer Manager

QGIS allows you to create multiple maps using the same map file. For this reason, it has a tool called the Composer
Manager.

¢ Click on the Project — Composer Manager menu entry to open this tool. You’ll see a blank Composer
manager dialog appear.

* Click the Add button and give the new composer the name of Swellendam.
* Click OK.
¢ Click the Show button.

(You could also close the dialog and navigate to a composer via the File — Print Composers menus, as in the
image below.)
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5.1.2 & Follow Along: Basic Map Composition

In this example, the composition was already the way we wanted it. Ensure that yours is as well.

¢ In the Print Composer window, check that the values under Composition — Paper and Quality are set to
the following:

e Size: A4 (210x297mm)
e QOrientation: Landscape
* Quality: 300dpi

Now you’ve got the page layout the way you wanted it, but this page is still blank. It clearly lacks a map. Let’s fix
that!

« Click on the Add New Map button: | &

With this tool activated, you’ll be able to place a map on the page.

Click and drag a box on the blank page:

[sXsXs) Swellendam

B OLROE el bhee APALT e Bk ss / B @9
g = [

|50 |100 ‘1?0

¥

Command history

&

Item Properties  Atlas generation |

Q Composition

w Paper and quality

Presets [ A4 (210x287 mm) 2]
Width [297.00 |8
Height [210.00 G
Units [ mm &

Number of pages |1 ‘@

=1

Orientation l Landscape - I

Export resolution (300 dpi 1)
(") Print as raster

» [ Snap to grid

[ @' Snap to alignments

1 B

| Help | | Close |

The map will appear on the page.

* Move the map by clicking and dragging it around:
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=
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s
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Map

 Main properties

[ Cache
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Scale  [47099
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=}

[ Draw map canvas items
|~ Lock layers for map item
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3
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I
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Note: Your map may look a lot different, of course! This depends on how your own project is set up. But not to
worry! These instructions are general, so they will work the same regardless of what the map itself looks like.

* Be sure to leave margins along the edges, and a space along the top for the title.

* Zoom in and out on the page (but not the map!) by using these buttons:

Hp L

* Zoom and pan the map in the main QGIS window. You can also pan the map using the Move item content
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tool: @

When zooming in, the map view will not refresh by itself. This is so that it doesn’t waste your time redrawing the
map while you’re zooming the page to where you want it, but it also means that if you zoom in or out, the map
will be at the wrong resolution and will look ugly or unreadable.

* Force the map to refresh by clicking this button:

|
e

Remember that the size and position you’ve given the map doesn’t need to be final. You can always come back
and change it later if you’re not satisfied. For now, you need to ensure that you’ve saved your work on this map.
Because a Composer in QGIS is part of the main map file, you’ll need to save your main project. Go to the main
QGIS window (the one with the Layers list and all the other familiar elements you were working with before), and
save your project from there as usual.

5.1.3 & Follow Along: Adding a Title

Now your map is looking good on the page, but your readers/users are not being told what’s going on yet. They
need some context, which is what you’ll provide for them by adding map elements. First, let’s add a title.

* Click on this button:
* Click on the page, above the map, and a label will appear at the top of the map.

* Resize it and place it in the top center of the page. It can be resized and moved in the same way that you
resized and moved the map.

As you move the title, you’ll notice that guidelines appear to help you position the title in the center of the page.

However, there is also a tool to help position the title relative to the map (not the page):
|IZI
* Click the map to select it.

* Hold in shift on your keyboard and click on the label so that both the map and the label are selected.

o
* Look for the Align button | and click on the dropdown arrow next to it to reveal the positioning options
and click Align center:

oy}
|- Align Left
as Align Center
| Align Right
Align Top

Commani

- Align Center Vertical
I center -7 Align Bottom

center

I#rmmn Demmmrtioe Atlne mamaentiom |
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To make sure that you don’t accidentally move these elements around now that you’ve aligned them:
* Right-click on both the map and the label.

A small lock icon will appear in the corner to tell you that an element can’t be dragged right now. You can always
right-click on an element again to unlock it, though.

Now the label is centered to the map, but not the contents. To center the contents of the label:
* Select the label by clicking on it.
¢ Click on the Item Properties tab in the side panel of the Composer window.
* Change the text of the label to “Swellendam”:

* Use this interface to set the font and alignment options:

006806 Swellendam
=] ~ B B 4 ~~ P = EP =
DM E eRfHReo HPLE REMREsA /BB LEE
10 0 30 40 60 80 90 120 [130 [140 [150 (160 (170 [180 (190 [200 10 0 (230 40 0 [260 0 [280 [290 o Command history
Change ftem position
10 Change item position
Label added
20 Change item position
Label text changed
30 Label font ehanged
Label font changed
a0 Change item position
Change item position
50 Composition Lola e Atlas generation |
80 [x] hem Properties
Label
70
[ v Main properties
80
Swellendam
%0
100
10
12¢
13¢
140
[ Render as HTML.
15¢ [ Insert an expression )
160 [ Font ]
i [ Font color... )
180
~ Alignment
e Horizontal
200 (@) Left () Genter () Right
Vertical
@ Top () Middle () Bottom
Help Close

* Choose a large but sensible font (the example will use the default font with a size of 36) and set the
Horizontal Alignment to Center.

You can also change the font color, but it’s probably best to keep it black as per the default.

The default setting is not to add a frame to the title’s text box. However, if you wish to add a frame, you can do
s0:

¢ In the Item Properties tab, scroll down until you see the Frame option.
¢ Click the Frame checkbox to enable the frame. You can also change the frame’s color and width.

In this example, we won’t enable the frame, so here is our page so far:
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5.1.4 0 Follow Along: Adding a Legend
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[ Cache +|[ Update preview |

Scale 49819

Rotation (0,00 degrees
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7 Lock layers for map item

v Extents

Xmin [20.348
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The map reader also needs to be able to see what various things on the map actually mean. In some cases, like the
place names, this is quite obvious. In other cases, it’s more difficult to guess, like the colors of the farms. Let’s

add a new legend.

¢ Click on this button: =E

* Click on the page to place the legend, and move it to where you want it:

o

Legend
® places %
buildings

B church

B commercial

[ garage

[ hangar

[J house

7 retail

[ telephone_exchange

EEBERBEEERE

=3

g R |

&

B &

A7C  landuse
180
[
19¢

-
200

a7

AT
(] Command history

Legend added
Change ftem position
Change item position
Change item position
Change item position
Change item position
Change item position
Change item position
Change item position

—

[x] Item Properties

[ Atlas generation

Legend

v Main properties

Title [Legend
Map [Map0 D

Wrap texton |

v Legend items

2

places Hidden
uildings  Subgroup
roads Hidden
water Hidden

vyyvvvy =

landuse  Subgroup

[v]a]s]®]

) Auto Update

» Fonts

5.1. Lesson: Using Map Composer
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5.1.5 0 Follow Along: Customizing Legend Items

Not everything on the legend is necessary, so let’s remove some unwanted items.

* In the Item Properties tab, you'll find the Legend items panel.

* Select the buildings entry.

* Delete it from the legend by clicking the minus button:

You can also rename items.

* Select a layer from the same list.

¢ Click the Edit button: j

()

* Rename the layers to Places, Roads and Streets, Surafce Water, and Rivers.

* Set landuse to Hidden, then click the down arrow and edit each category to name them on the legend.

You can also reorder the items:

6606

B 04

]
40 [50 [6C

Legend
® Places
Roads and Streets
Surface Water
Rivers

BBREBEBEEERLE

=

5]

Rural, small
W% Rural, large
0 Swellendam

Residential

&

=

E

&

&

=

&

B |

EWa-

AN
[x] Command his

history

Legend item edited
Legend item edited
Legend updated
Legend ilem removed
Legend item edited
Legend updated
Legend updated
Moved legend item up
Moved legend flem up

Composition [0 e 0] Atas generation

o Item Propertis
Legend

wrp

Title [Legend |
Map [ Map0 D
Wrap texton | |

v Legend items
[ U | Ui |
1 2

» Places

» Roads and Streets Hidden

» Surface Water Hidden

» Rivers Hidden

v landuse Hidden
Rural, small

Rural, large
Swellendam

Residential

[v]a/s]@]=]2]>

(¥ Auto Update

Help

;

» Fonts

Close » Columns

As the legend will likely be widened by the new layer names, you may wish to move and resize the legend and or

map. This is the result:
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5.1.6 & Follow Along: Exporting Your Map

Note: Did you remember to save your work often?

Finally the map is ready for export! You’ll see the export buttons near the top left corner of the Composer window:

& b Vi

The button on the left is the Print button, which interfaces with a printer. Since the printer options will differ
depending on the model of printer that you’re working with, it’s probably better to consult the printer manual or a
general guide to printing for more information on this topic.

The other three buttons allow you to export the map page to a file. There are three export formats to choose from:
* Export as Image
* Export as SVG
* Export as PDF

Exporting as an image will give you a selection of various common image formats to choose from. This is probably
the simplest option, but the image it creates is “dead” and difficult to edit.

The other two options are more common.

If you’re sending the map to a cartographer (who may want to edit the map for publication), it’s best to export
as an SVG. SVG stands for “Scalable Vector Graphic”, and can be imported to programs like Inkscape or other
vector image editing software.

If you need to send the map to a client, it’s most common to use a PDF, because it’s easier to set up printing
options for a PDF. Some cartographers may prefer PDF as well, if they have a program that allows them to import
and edit this format.

For our purposes, we’re going to use PDF.

¢ Click the Export as PDF button: I%
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¢ Choose a save location and a file name as usual.

¢ Click Save.

5.1.7 In Conclusion

* Close the Composer window.

 Save your map.

* Find your exported PDF using your operating system’s file manager.
* Openit.

¢ Bask in its glory.

Congratulations on your first completed QGIS map project!

5.1.8 What’s Next?

On the next page, you will be given an assignment to complete. This will allow you to practice the techniques you
have learned so far.

5.2 Assignment 1

Open your existing map project and revise it thoroughly. If you have noticed small errors or things you’d have
liked to fix earlier, do so now.

While customizing your map, keep asking yourself questions. Is this map easy to read and understand for someone
who’s unfamiliar with the data? If I saw this map on the Internet, or on a poster, or in a magazine, would it capture
my attention? Would I want to read this map if it wasn’t mine?

-
If you’re doing this course at a . Basic or ™  Intermediate level, read up on techniques from the more
advanced sections. If you see something you’d like to do in your map, why not try to implement it?

If this course is being presented to you, the course presenter may require you to submit a final version of your
map, exported to PDF, for evaluation. If you’re doing this course by yourself, it’s recommended that you evaluate
your own map using the same criteria. Your map will be evaluated on the overall appearance and symbology of
the map itself, as well as the appearance and layout of the map page and elements. Remember that the emphasis
for evaluating the appearance of maps will always be ease of use. The nicer the map is to look at and the easier it
is to understand at a glance, the better.

Happy customizing!

5.2.1 In Conclusion

The first four modules have taught you how to create and style a vector map. In the next four modules, you’ll learn
how to use QGIS for a complete GIS analysis. This will include creating and editing vector data; analyzing vector
data; using and analyzing raster data; and using GIS to solve a problem from start to finish, using both raster and
vector data sources.
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CHAPTER 6

Module: Creating Vector Data

Creating maps using existing data is just the beginning. In this module, you’ll learn how to modify existing vector
data and create new datasets entirely.

6.1 Lesson: Creating a New Vector Dataset

The data that you use has to come from somewhere. For most common applications, the data exists already; but
the more particular and specialized the project, the less likely it is that the data will already be available. In such
cases, you’ll need to create your own new data.

The goal for this lesson: To create a new vector dataset.

6.1.1 V Follow Along: The Layer Creation Dialog

Before you can add new vector data, you need a vector dataset to add it to. In our case, you’ll begin by creating
new data entirely, rather than editing an existing dataset. Therefore, you’ll need to define your own new dataset
first.

You’ll need to open the New Vector Layer dialog that will allow you to define a new layer.
» Navigate to and click on the menu entry Layer — New — New Shapefile Layer.

You’ll be presented with the following dialog:
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EPSG:4326 - WGS B4
MNew attribute

Type [Taxl data
Width 80

| Add to attributes list

Attributes list

MName | Precision
id

= Remove attribute

[~ Cancel | [T0K]

It’s important to decide which kind of dataset you want at this stage. Each different vector layer type is “built
differently” in the background, so once you’ve created the layer, you can’t change its type.

For the next exercise, we’re going to be creating new features which describe areas. For such features, you’ll need
to create a polygon dataset.

¢ Click on the Polygon radio button:

‘f ) Point ) Line @) Polygon

102 Chapter 6. Module: Creating Vector Data



QGIS Training Manual, Release 2.6

This has no impact on the rest of the dialog, but it will cause the correct type of geometry to be used when the
vector dataset is created.

The next field allows you to specify the Coordinate Reference System, or CRS. A CRS specifies how to describe
a point on Earth in terms of coordinates, and because there are many different ways to do this, there are many
different CRSs. The CRS of this project is WGS84, so it’s already correct by default:

EPSG:4326 - WGS 84 | SpecifyCRS |

Bl mbboilu obm

Next there is a collection of fields grouped under New attribute. By default, a new layer has only one attribute,
the id field (which you should see in the Attributes list) below. However, in order for the data you create to be
useful, you actually need to say something about the features you’ll be creating in this new layer. For our current
purposes, it will be enough to add one field called name.

* Replicate the setup below, then click the Add to attributes list button:

Name name

Type | Textdata s |

Width 80 ' Precision

T Add to attributes list

¢ Check that your dialog now looks like this:
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The

Point Line Polygon
O O ©

EPSG:4326 - WGS B4 [ Specify CRS ]
MNew attribute

Name ||

Type [Taxl data

Ak

Width 80 Precision
Add to attributes list
Attributes list
Name Type ' Width | Precision
id Integer 10
name String BO

~ Remove attribute

Gl | (0K
T ———————

* Click OK. A save dialog will appear.
* Navigate to the exercise_data directory.
* Save your new layer as school_property.shp.

new layer should appear in your Layers list.

104

Chapter 6. Module: Creating Vector Data



QGIS Training Manual, Release 2.6

6.1.2 & Follow Along: Data Sources

When you create new data, it obviously has to be about objects that really exist on the ground. Therefore, you’ll
need to get your information from somewhere.

There are many different ways to obtain data about objects. For example, you could use a GPS to capture points
in the real world, then import the data into QGIS afterwards. Or you could survey points using a theodolite, and
enter the coordinates manually to create new features. Or you could use the digitizing process to trace objects
from remote sensing data, such as satellite imagery or aerial photography.

For our example, you’ll be using the digitizing approach. Sample raster datasets are provided, so you’ll need to
import them as necessary.

¢ Click on the Add Raster Layer button: 'ﬂ

* Navigate to exercise_data/raster/.

¢ Select the file 3420C_2010_327_RGB_LATLNG.tif.

* Click Open. An image will load into your map.

* Find the new image in the Layers list.

* Click and drag it to the bottom of the list so that you can still see your other layers.

¢ Find and zoom to this area:

000 QIS 2.0.1-Dufour -
DEBBODROSLL P RAPLLALRS & 6,0 &8 BE = oy B N
4.0 B RR & 5= R EEE

v -

20.44761,34 01462 Seale (15727 1-) (3] Render EPSG426 (3] |

Note: If your buildings layer symbology is covering part or all of the raster layer, you can temporarily disable
the layer by deselecting it in the Layers panel. You may also wish to hide the roads symbology if you find it

distracting.

You’ll be digitizing these three fields:
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In order to begin digitizing, you’ll need to enter edit mode. GIS software commonly requires this to prevent you
from accidentally editing or deleting important data. Edit mode is switched on or off individually for each layer.

To enter edit mode for the school_property layer:
¢ Click on the layer in the Layer list to select it. (Make very sure that the correct layer is selected, otherwise
you’ll edit the wrong layer!)
* Click on the Toggle Editing button: -"

If you can’t find this button, check that the Digitizing toolbar is enabled. There should be a check mark next to the
View — Toolbars — Digitizing menu entry.

As soon as you are in edit mode, you’ll see the digitizing tools are now active:

DR &

Four other relevant buttons are still inactive, but will become active when we start interacting with our new data:

From left to right on the toolbar, they are:
* Save Edits: saves changes made to the layer.

* Add Feature: start digitizing a new feature.
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e Move Feature(s): move an entire feature around.
* Node Tool: move only one part of a feature.
 Delete Selected: delete the selected feature.
e Cut Features: cut the selected feature.
* Copy Features: copy the selected feature.
* Paste Features: paste a cut or copied feature back into the map.
You want to add a new feature.
* Click on the Add Feature button now to begin digitizing our school fields.

You’ll notice that your mouse cursor has become a crosshair. This allows you to more accurately place the points
you’ll be digitizing. Remember that even as you’re using the digitizing tool, you can zoom in and out on your map
by rolling the mouse wheel, and you can pan around by holding down the mouse wheel and dragging around in
the map.

The first feature you’ll be digitizing is the athletics field:

« Start digitizing by clicking on a point somewhere along the edge of the field.

* Place more points by clicking further along the edge, until the shape you’re drawing completely covers the
field.

 After placing your last point, right-click to finish drawing the polygon. This will finalize the feature and
show you the Aftributes dialog.

¢ Fill in the values as below:
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006 Attributes - school_property
id 1 &
name | Athletics Field &

| Cancel | E_QK_J

* Click OK and you’ve created a new feature!

Remember, if you've made a mistake while digitizing a feature, you can always edit it after you’re done creating
it. If you’ve made a mistake, continue digitizing until you’re done creating the feature as above. Then:
 Select the feature with the Select Single Feature tool:

. _nn T
E £
o
=

%51 Select Features by Polygon
i Select Features by Freehand

{3 Select Features by Radius

You can use:

e the Move Feature(s) tool to move the entire feature,

* the Node Tool to move only one point where you may have miss-clicked,

108

* Delete Selected to get rid of the feature entirely so you can try again, and
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e the Edit — Undo menu item or the ctrl + z keyboard shortcut to undo mistakes.

6.1.3 & Try Yourself

* Digitize the school itself and the upper field. Use this image to assist you:

Remember that each new feature needs to have a unique id value!

Note: When you’re done adding features to a layer, remember to save your edits and then exit edit mode.

Note: You can style the fill, outline and label placement and formatting of the school_property using techniques
learnt in earlier lessons. In our example, we will use a dashed outline of light purple color with no fill.

6.1.4 & Try Yourself

* Create a new line feature called routes. shp with attributes 1d and type. (Use the approach above to
guide you.)
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* We’re going to digitize two routes which are not already marked on the roads layer; one is a path, the other
is a track.

Our path runs along the southern edge of the suburb of Railton, starting and ending at marked roads:
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Our track is a little further to the south:
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One at a time, digitize the path and the track on the routes layer. Try to follow the routes as accurately as possible,
using points (left-click) at any corners or turns.

When creating each route, give them the t ype attribute value of path or track.
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You’ll probably find that only the points are marked; use the Layer Properties dialog to add styling to your routes.
Feel free to give different styles to the path and track.

Save your edits and toggle Edit mode.

Check your results

6.1.5 In Conclusion

Now you know how to create features! This course doesn’t cover adding point features, because that’s not really
necessary once you’ve worked with more complicated features (lines and polygons). It works exactly the same,
except that you only click once where you want the point to be, give it attributes as usual, and then the feature is
created.

Knowing how to digitize is important because it’s a very common activity in GIS programs.

6.1.6 What’s Next?

Features in a GIS layer aren’t just pictures, but objects in space. For example, adjacent polygons know where they
are in relation to one another. This is called fopology. In the next lesson you’ll see an example of why this can be
useful.

6.2 Lesson: Feature Topology

Topology is a useful aspect of vector data layers, because it minimizes errors such as overlap or gaps.

For example: if two features share a border, and you edit the border using topology, then you won’t need to edit
first one feature, then another, and carefully line up the borders so that they match. Instead, you can edit their
shared border and both features will change at the same time.

The goal for this lesson: To understand topology using examples.

6.2.1 % Follow Along: Snapping
To make topological editing easier, it’s best if you enable snapping. This will allow your mouse cursor to snap to
other objects while you digitize. To set snapping options:

* Navigate to the menu entry Settings — Snapping Options....

 Set up your Snapping options dialog as shown:

006 Snapping options
¥ | Layer Maode Tolerance Units Avoid Int.

buildings o vertex and segment + |/ 0.000000 map units 4

™ landuse to vertex and segment A W map units 4 |
places to vertex and segment L W map units £
rivers to vertex and segment + ||0.000000 map units  +
roads o vertex and segment O W map units 4
water to vertex and segment O W map units 4
school_property to vertex and segment 5 W

[ Enable topological editing || Enable snapping on intersection |Tply| |m|
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¢ Ensure that the box in the Avoid Int. column is checked (set to true).
* Click OK to save your changes and leave the dialog.

« Enter edit mode with the landuse layer selected.

* Check under View — Toolbars to make sure that your Advanced Digitizing toolbar is enabled.

* Zoom to this area (enable layers and labels if necessary):
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¢ Digitize this new (fictional) area of the Bontebok National Park:
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* When prompted, give it a OGC_FID of 999, but feel free to leave the other values unchanged.

If you’re careful while digitizing and allow the cursor to snap to the vertices of adjoining farms, you’ll notice that
there won’t be any gaps between your new farm and the existing farms adjacent to it.

* Note the undo/redo tools in the Advanced Digitizing toolbar:

L

6.2.2 vl Follow Along: Correct Topological Features

Topology features can sometimes need to be updated. In our example, the landuse layer has some complex forest
areas which have recently been joined to form one area:
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Instead of creating new polygons to join the forest areas, we’re going to use the Node Tool to edit the existing
polygons and join them.

* Enter edit mode, if it isn’t active already.
¢ Select the Node Tool.

* Pick an area of forest, select a corner and move it to an adjoining corner so two forest sections meet:
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* Click and drag the nodes until they snap into place.
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The topologically correct border looks like this:
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Go ahead and join a few more areas using the Node Tool. You can also use the Add Feature tool if it is appropriate.
If you are using our example data, you should have a forest area looking something like this:

Don’t worry if you have joined more, less or different areas of forest.
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6.2.3 i Follow Along: Tool: Simplify Feature

This is the Simplify Feature tool:

®

¢ Click on it to activate it.

* Click on one of the areas which you joined using either the Node Tool or Add Feature tool. You’ll see this
dialog:

Set tolerance C

* Move the slider from side to side and watch what happens:
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This allows you to reduce the amount of nodes in complex features.
* Click Ok

Notice what the tool does to the topology. The simplified polygon is now no longer touching the adjacent polygons
as it should. This shows that this tool is better suited to generalizing stand-alone features. The advantage is that it
provides you with a simple, intuitive interface for generalization.

Before you go on, set the polygon back to its original state by undoing the last change.

6.2.4 v’ Try Yourself Tool: Add Ring

This is the Add Ring tool:

=y
4]

It allows you to take a hole out of a feature, as long as the hole is bounded on all side by the feature. For example,
if you’ve digitized the outer boundaries of South Africa and you need to add a hole for Lesotho, you’d use this
tool.

If you experiment with this tool, you’ll notice that the current snapping options prevent you from creating a ring in
the middle of the polygon. This would be fine if the area you wished to exclude linked to the polygon’s boundaries.

* Disable snapping for the landuse layer via the dialog you used earlier.
* Now try using the Add Ring tool to create a gap in the middle of the Bontebok National Park.

* Delete your new feature by using the Delete Ring tool:
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(@)
&

Note: You need to select a corner of the ring in order to delete it.

Check your results

6.2.5 W Try Yourself Tool: Add Part

This is the Add Part tool:

m
()

It allows you to create an extra part of the feature, not directly connected to the main feature. For example, if
you’ve digitized the boundaries of mainland South Africa but you haven’t yet added the Prince Edward Islands,
you’d use this tool to create them.

* To use this tool, you must first select the polygon to which you wish to add the part by using the Select
Single Feature tool:

=

* Now try using the Add Part tool to add an outlying area to the Bontebok National Park.

* Delete your new feature by using the Delete Part tool:

Jp
- Isel

Note: You need to select a corner of the part in order to delete it.

Check your results

6.2.6 % Follow Along: Tool: Reshape Features

This is the Reshape Features tool:

It can add a bump to an existing feature. With this tool selected:
¢ Left-click inside the Bontebok National Park to start drawing a polygon.

* Draw a polygon with three corners, the last of which should be back inside the original polygon, forming
an open-sided rectangle.

* Right-click to finish marking points:
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This will give a result similar to:
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You can do the opposite, too:
* Click outside the polygon.

* Draw a rectangle into the polygon.

¢ Right-click outside the polygon again:
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The result of the above:
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6.2.7 0 Try Yourself Tool: Split Features

The Split Features tool is similar to how you took part of the farm away, except that it doesn’t delete either of the
two parts. Instead, it keeps them both.
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®

* First, re-enable snapping for the landuse layer.

We will use the tool to split a corner from the Bontebok National Park.

* Select the Split Features tool and click on a vertex to begin drawing a line. Click the vertex on the opposite

side of the corner you wish to split and right-click to complete the line:
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* At this point, it may seem as if nothing has happened. But remember that your symbology for the 1anduse

layer does not have any border, so the new division line will not be shown.

» Use the Select Single Feature tool to select the corner you just split; the new feature will now be highlighted:
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6.2.8 i Try Yourself Tool: Merge Features

Now we will re-join the feature you just created to the original polygon:
* Experiment with the Merge Selected Features and Merge Attributes of Selected Features tools.
* Note the differences.

Check your results

6.2.9 In Conclusion

Topology editing is a powerful tool that allows you to create and modify objects quickly and easily, while ensuring
that they remain topologically correct.

6.2.10 What’s Next?

Now you know how to digitize the shape of the objects easily, but adding in the attributes is still a bit of a headache!
Next we’ll show you how to use forms so that attribute editing is simpler and more effective.

6.3 Lesson: Forms

When you add new data via digitizing, you’re presented with a dialog that lets you fill in the attributes for that
feature. However, this dialog is not, by default, very nice to look at. This can cause a usability problem, especially
if you have large datasets to create, or if you want other people to help you digitize and they find the default forms
to be confusing.

Fortunately, QGIS lets you create your own custom dialogs for a layer. This lesson shows you how.

The goal for this lesson: To create a form for a layer.
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6.3.1 0 Follow Along: Using QGIS’ Form Design Functionality

* Select the roads layer in the Layers list.

 Enter Edit Mode as before.

¢ Open its Attribute Table.

* Right-click on any cell in the table. A short menu will appear, with the only entry being Open form.
* Click on it to see the form that QGIS generates for this layer.

Obviously it would be nice to be able to do this while looking at the map, rather than needing to search for a
specific street in the Aztribute Table all the time.

* Go to the Settings — Options menu.
¢ In the dialog that appears, select the Map Tools tab.
* Check the Open feature form ... checkbox:

006 Options | Map Tools
General ¥ Identify
-{:\‘ System || Open identify results in a dock window (QGIS restart required)
Mode | Current layer ¢|
ES5 Data Sources ™ Open feature form, if a single feature is identified
v R Search radius for identifying features and displaying map tips |0.50% |EJ

Note: Specify th h radi t f th idth
- Canvas & ote: Specify the search radius as a percentage of the map wi

Legend
¥ Measure tool

l i Map Tools

Rubberband color
q Composer
|ﬂ Digitizing

Decimal places l:l@

| Keep base unit O
'*‘g GDAL Preferred measurements units (s) Meters () Feet () Nautical Miles () Degrees
Preferred angle units (*) Degrees () Radians () Gon

¥ Panning and zooming

Mouse wheel action | Zoom to mouse cursor ¢|
Zoom factor |2.0 |L§J
¥ Predefined scales
1:1000000 @®
1:500000 .
[vilo | [ Cancel | [0

* Click Ok.
¢ Select the roads layer in the Layers list.

* Using the Identify tool, click on any street in the map.

@,

Instead of the normal Identify dialog, you’ll see the now-familiar form instead:
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8086 Attributes - roads
osm_id |4753791 ol |
name [NuL |
highway  [unclassified |
waterway  [NULL |
aerialway |NULL |
barrier [NuL |
man_made |NULL |
other_tags |lanes'=>"2" ]
el | (0K

6.3.2 0 Try Yourself Using the Form to Edit Values

If you are in edit mode, you can use this form to edit a feature’s attributes.
¢ Activate edit mode (if it isn’t already activated).

* Using the Identify tool, click on the main street running through Swellendam:
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Y 4 ® X *.
% XX G e 3 ¢ osmid  [2asa08188

nams [Voortreic Sreet al

highway [tertiary al

waterway | NULL ‘

aeriaway | NULL |

barrier [nuLe |

man_made |NULL |

other_tags |"Ianm"=>"2“

 Edit its highway value to be secondary.

¢ Save your edits.
* Exit edit mode.

* Open the Aftribute Table and note that the value has been updated in the attributes table and therefore in the
source data.

Note: If you’re using the default dataset, you’ll find that there is more than one road on this map called
Voortrek Street.

6.3.3 0 Follow Along: Setting Form Field Types
It’s nice to edit things using a form, but you still have to enter everything by hand. Fortunately, forms have different
kinds of so-called widgets that allow you to edit data in various different ways.

* Open the roads layer’s Layer Properties.

e Switch to the Fields tab. You’ll see this:
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& Layer Properties - roads | Fields

General Attribute editor layout: | Autogenerate :'\ Python Init function l:l
Style ¥ Fields
Labels =]
Type Type name Length Precisi C Edit widget Alias WMS | WFS
4 Rendering QString | String 254 0 | Lineedit | ) ~
® Display QString | String 254 0 [ Lineedit | ™ ™
LB Actions QString  String 254 0 [ Lineedit | ] g
+ 4 Joins QString | String 254 0 | Lineedit | ™ 4
QStrin Strin 254 0 [ Line edit | ) ~
IER Diagrams 4 9 —
QString | String 254 0 [ Lineedit | ) ™~
'ri Metadata —
QString | String 254 0 | Lineedit | ) 5]
QString  String 254 0 ™ )
P Relations
Suppress attribute form pop-up after feature creation | Default & |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel |

¢ Click on the Line edit button in the same row as man_made and you’ll be given a new dialog.

* Select Checkbox in the list of options:

126 Chapter 6. Module: Creating Vector Data



QGIS Training Manual, Release 2.6

8.08

Attribute Edit Dialog "highway”

Line edit
Classification
Range

Unigue values
File name
Value map
Enumeration
Immutable
Hidden

Text edit
Calendar

Value relation
UUID generator
Phote
Webview

Color

Checkbox

* Click OK.

@' Editable
|| Label on top

Representation for checked state |1 |

Representation for unchecked state |0 |

[Cancel][ OK ]

* Enter edit mode (if the roads layer is not already in edit mode.

¢ Click on the Identify tool.

¢ Click on the same main road you chose earlier.

You’ll now see that the man_made attribute has a checkbox next to it denoting True (checked) or False

(unchecked).

6.3.4 & Try Yourself

Set a more appropriate form widget for the highway field.

Check your results

6.3.5 & Try Yourself Creating Test Data

You can also design your own custom form completely from scratch.

* Create a simple point layer named test—data with two attributes:

— Name (text)

— Age (text)

6.3. Lesson: Forms

127



QGIS Training Manual, Release 2.6

e 06 Mew Vector Layer
Type

@ Point O Line O Polygon

EPSG:4326 - WGS B4 [ Specify CRS ]
MNew attribute

Name | |

Type [Taxt data

Ak

Width 80 Precision
Add to aftributes list
Attributes list
Name Type Width Precision
name String BO
age String BO

B Remove attribute

[ Hel | [ Cancel | (it
. |

 Capture a few points on your new layer using the digitizing tools so that you have a little data to play with.
You should be presented with the default QGIS generated attribute capture form each time you capture a
new point.

Note: You may need to disable Snapping if still enabled from earlier tasks.
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8.0.8 Attributes - test-data
narme |richard QE|
age |2:3 & l

| Cancel | [_DK_]

6.3.6 0 Follow Along: Creating a New Form

Now we want to create our own custom form for the attribute data capture phase. To do this, you need to have
Qt4 Designer installed (only needed for the person who creates the forms). It should be provided as part of your
course materials, if you’re using Windows. You may need to look for it if you’re using another OS. In Ubuntu, do
the following in the terminal:

Note: At the time of writing, Qt5 is the latest version available. However, this process specifically requires Qt4
and is not necessarily compatible with Qt5.

sudo apt-get install gté4-designer
... and it should install automatically. Otherwise, look for it in the Software Center.

* Start Designer by opening its Start Menu entry in Windows (or whatever approach is appropriate in your
0S).

* In the dialog that appears, create a new dialog:
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000 MNew Form

templates/forms
Dialog with Buttons Right
Dialog without Buttons
Main Window

Widget

Widgets

Embedded Design

Device: MNone

'

Screen Size: | Default size

(v Show this Dialog on Startup

| Open.. | | Recentv | | Close | [ Create |

* Look for the Widget Box along the left of your screen (default). It contains an item called Line Edit.
* Click and drag this item into your form. This creates a new Line Edit in the form.

* With the new line edit element selected, you’ll see its properties along the side of your screen (on the right
by default):
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Filter

lineEdit - QLineEdit

Property WValue
QObject
objectName
QWidget
enabled 4
» geometry [(80, 40}, 113 x 21]
» sizePolicy [Expanding, Fixed, 0, 0]
>  minimumSize 0x0
b maximumSize 16777215 x 16777215
» sizelncrement 0x0
» baseSize 0x0
palette Inherited
» font A [ Lucida Grande Ul, 13]
cursor | IBeam
mouseTracking &
focusPolicy StrongFocus
contextMenuPolicy | DefaultContextMenu
acceptDrops 4
» toolTip
» statusTip
» whatsThis
» accessibleName
» accessibleDescrip...
layoutDirection LefiToRight
autoFillBackground | | |
styleSheet
b locale English, SouthAfrica

»  inputMethodHints

ImhNone

> inputMask

b text
maxLength 32767
frame [
echoMode MNormal
cursorPosition 0

» alignment AlignLeft, AlignVCenter
dragEnabled ]




QGIS Training Manual, Release 2.6

* Set its name to Name.
» Using the same approach, create a new spinbox and set its name to Age.

* Add a Label with the text Add a New Person in a bold font (look in the object properties to find out
how to set this). Alternatively, you may want to set the title of the dialog itself (rather than adding a label).

* Click anywhere in your dialog.

* Find the Lay Out Vertically button (in a toolbar along the top edge of the screen, by default). This lays out
your dialog automatically.

¢ Set the dialog’s maximum size (in its properties) to 200 (width) by 100 (height).
* Save your new form as exercise_data/forms/add_people.ui.

* When it’s done saving, you can close the Qt4 Designer program.

6.3.7 v Follow Along: Associating the Form with Your Layer

Go back to QGIS.
* Double click the test-data layer in the legend to access its properties.

* Click on the Fields tab in the Layer Properties dialog.

In the Attribute editor layout dropdown, select Provide ui-file.

Click the ellipsis button and choose the add_people.ui file you just created:
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8 0.8 .(5 Layer Properties - test-data
"% General Attribute editor layout: | Provide ui-file ol Python Init function
= Style v Fields Edit UI ‘se_data,fforms,!add_people.ui‘ EI
= o |EIETE
Id & Name Type Type name Length Precision
Rendering 0 name QString | string 80 0
% Display 1 age QString | string 80 0
(@ Actions
: '! Joins
IER Diagrams
q Metadata
P Relations
Suppress attribute form pop-up after feature creation |_ Default A _|
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |

* Click OK on the Layer Properties dialog.
* Enter edit mode and capture a new point.

* When you do so, you will be presented with your custom dialog (instead of the generic one that QGIS
usually creates).

* If you click on one of your points using the Identify tool, you can now bring up the form by right clicking
in the identify results window and choosing View Feature Form from the context menu.

* If you are in edit mode for this layer, that context menu will show Edit Feature Form instead, and you can
then adjust the attributes in the new form even after initial capture.

6.3.8 In Conclusion

Using forms, you can make life easier for yourself when editing or creating data. By editing widget types or
creating an entirely new form from scratch, you can control the experience of someone who digitizes new data for
that layer, thereby minimizing misunderstandings and unnecessary errors.
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6.3.9 Further Reading

If you completed the advanced section above and have knowledge of Python, you may want to check out this blog
entry about creating custom feature forms with Python logic, which allows advanced functions including data
validation, autocompletion, etc.

6.3.10 What’s Next?

Opening a form on identifying a feature is one of the standard actions that QGIS can perform. However, you can
also direct it to perform custom actions that you define. This is the subject of the next lesson.

6.4 Lesson: Actions

Now that you’ve seen a default action in the previous lesson, it’s time to define your own actions. An action is
something that happens when you click on a feature. It can add a lot of extra functionality to your map, allowing
you to retrieve additional information about an object, for example. Assigning actions can add a whole new
dimension to your map!

The goal for this lesson: To learn how to add custom actions.

6.4.1 V Follow Along: Open an Image

Use the school_property layer you created previously. The course materials include photos of each of the three
properties you digitized. What we’re going to do next is to associate each property with its image. Then we’ll
create an action that will open the image for a property when clicking on the property.

6.4.2 V Follow Along: Add a Field for Images

The school_property layer has no way to associate an image with a property yet. First we’ll create a field for this
purpose.

* Open the Layer Properties dialog.
¢ Click on the Fields tab.
* Toggle editing mode:
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& Layer Properties - school_property

General Attribute editor layout: | Provide ui-file ™ Python Init function l:l
Style w Fields Edit Ul ‘se_data,fforms,!add_people.ui‘ EI
€ Labels =]
ld & Name Type Type name Length Precision
Rendering o] id int integer 10 0
@ Display 1 name QString | string 80 0
@ Actions
1 Joins
IER Diagrams
'ri Metadata
P Relations
Suppress attribute form pop-up after feature creation | Default ¢ |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | @

¢ Add a new column:

6.4. Lesson: Actions 135



QGIS Training Manual, Release 2.6

General
Style

€ Labels

4 Rendering
% Display
@ Actions

: " Joins

IER Diagrams

'ri Metadata

& Layer Properties - school_property

Attribute editor layout: | Provide ui-file

¥ Fields

.
-

T —

Edit UI ‘se_data,fforms,!add_people.ui‘ EI

ld & Name Type Type name Length Precision
] id int integer 10 0
1 name QString | string 80 0
P Relations
Suppress attribute form pop-up after feature creation | Default & |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | E

¢ Enter the values below:
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0086  JAdcoumn, .0

Mame image

Comment

Type ﬁe:ﬂ (string) . J
string

Width | 258 (3]

Precision

o After the field has been created, click on the Line edit button next to the new field.

* Set it up for a File name:
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¢ Click OK on the Layer Properties dialog.

Classification
Range

Unigue values
File name
Value map
Enumeration
Immutable
Hidden
Checkbox
Text edit
Calendar
Value relation
UUID generator
Phote
Webview
Color

[ Editable
|| Label on top

Attribute Edit Dialng "image"

Simplifies file selection by adding a file chooser dialog.

Cancel ] [ OK

 Use the Identify tool to click on one of the three features in the school_property layer.

Since you're still in edit mode, the dialog should be active and look like this:
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8608 _ Aaributes - school_property

| 2

name |scfmol_campus

image  |NULL

Click on the browse button (the ... next to the image field).

* Select the path for your image. The images are in exercise_data/school_property_photos/
and are named the same as the features they should be associated with.

Click OK.

* Associate all of the images with the correct features using this method.

* Save your edits and exit edit mode.

6.4.3 0 Follow Along: Creating an Action

* Open the Actions form for the school_property layer.

e Inthe Action properties panel, enter the words Show Image into the Name field:
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006 . Layer Properties - school_property

. General ¥ Action list

= Style Type Name Action Capture
€= Labels
== Fields

” Rendering

% Display

d a
* ¥ Joins

IER Diagrams

q Metadata

@ 7 = | Add default actions |

¥ Action properties

© Type | Generic s [ Capture output

Name |Show Image I

Action l:l

| Insert expression... ] | esm_id %) | Insert field ]
Add to action list Update selected action
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |

What to do next varies according to your operating system, so choose the appropriate course to follow:

Windows

* Click on the Type dropdown and choose Open.

Ubuntu Linux

e Under Action, write eoqg for the Gnome Image Viewer, or write display to use ImageMagick. Remember
to put a space after the command!

MacOS

* Click on the Type dropdown and choose Mac.

* Under Action, write open. Remember to put a space after the command!
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Continue writing the command

You want to open the image, and QGIS knows where the image is. All it needs to do is to tell the Action where
the image is.

¢ Select image from the list:
w Action properties

[¥ec | Mac +| [ | Capture output

Name |Show Image

Action | open [% "image" %]

id
| name B
Insert expression... + image 3 Insert field
ag s

| Addtoactionlist || Update selected action

¢ Click the Insert field button. QGIS will add the phrase [$ "image" %] in the Action field.
* Click the Add to action list button.
* Click OK on the Layer Properties dialog.
Now we will test the new Action:
¢ Click on the school_property layer in the Layers list so that it is highlighted.

* Find the Run feature action button (on the same toolbar as the Open Attribute Table button):

€

* Click on the down arrow to the right of this button. There’s only one action defined for this layer so far,
which is the one you just created.

* Click the button itself to activate the tool.
 Using this tool, click on any of the three school properties.

* The image for that property will now open.

6.44 % Follow Along: Searching the Internet

Let’s say we’re looking at the map and want to know more about the area that a farm is in. Suppose you know
nothing of the area in question and want to find general information about it. Your first impulse, considering that
you’re using a computer right now, would probably be to Google the name of the area. So let’s tell QGIS to do
that automatically for us!

* Open the attribute table for the landuse layer.
We’ll be using the name field for each of our landuse areas to search Google.
* Close the attribute table.
* Go back to Actions in Layer Properties.
¢ In the field Action Properties — Name, write Google Search.

What to do next varies according to your operating system, so choose the appropriate course to follow:
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Windows

* Under Type, choose Open. This will tell Windows to open an Internet address in your default browser, such
as Internet Explorer.

Ubuntu Linux

* Under Action, write xdg—open. This will tell Ubuntu to open an Internet address in your default browser,
such as Chrome or Firefox.

MacOS

* Under Action, write open. This will tell MacOS to open an Internet address in your default browser, such
as Safari.

Continue writing the command

Whichever command you used above, you need to tell it which Internet address to open next. You want it to visit
Google, and to search for a phrase automatically.

Usually when you use Google, you enter your search phrase into the Google Search bar. But in this
case, you want your computer to do this for you. The way you tell Google to search for some-
thing (if you don’t want to use its search bar directly) is by giving your Internet browser the address
http://www.google.com/search?g=SEARCH_PHRASE, where SEARCH_PHRASE is what you want
to search for. Since we don’t know what phrase to search for yet, we’ll just enter the first part (without the search
phrase).

¢ In the Action field, write http://www.google.com/search?g=. Remember to add a space after
your initial command before writing this in!

Now you want QGIS to tell the browser to tell Google to search for the value of name for any feature that you
could click on.

¢ Select the name field.

¢ Click Insert field:
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000 o Layer Properties - landuse

. General ¥ Action list

= Style Type Name Action Capture
€= Labels

== Fields

¢ " Rendering

% Display
@ Actions

’ 4 Joins
IER Diagrams
q Metadata

@ 7 = | Add default actions |

¥ Action properties

© Type | Generic s [ Capture output

Name |Coog|e Search |

Action open http:/ www.google.com/search?q= l:l

( Insert expression... J [name :JI Insert field ]

Add to action list Update selected action

| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |

| Help | | Apply | | Cancel | E

This will tell QGIS to add the phrase next:

Type [ Mac

Name |Coogle Search

Action open http:/ fwww.google.com/search?q=[% "name" %]|

What this means is that QGIS is going to open the browser and send it to the address
http://www.google.com/search?g=[% "name" %]. But [% "name" %] tells QGIS to use
the contents of the name field as the phrase to search for.

So if, for example, the landuse area you click on is named Marloth Nature Reserve,then QGIS is going to
send the browser to http://www.google.com/search?g=Marloth%20Nature%20Reserve, which
will cause your browser to visit Google, which will in turn search for “Marloth Nature Reserve”.
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* If you haven’t done so already, set everything up as explained above.
* Click the Add to action list button. The new action will appear in the list above.
* Click OK on the Layer Properties dialog.
Now to test the new action.
» With the landuse layer active in the Layers list, click on the Run feature action button.

* Click on any landuse area you can see on the map. Your browser will now open, and will automatically start
a Google search for the town that is recorded as that area’s name value.

Note: If your action doesn’t work, check that everything was entered correctly; typos are common with this kind
of work!

6.4.5 V Follow Along: Open a Webpage Directly in QGIS

Above, you’ve seen how to open a webpage in an external browser. There are some shortcomings with this
approach in that it adds an unknowable dependency — will the end-user have the software required to execute the
action on their system? As you’ve seen, they don’t necessarily even have the same kind of base command for the
same kind of action, if you don’t know which OS they’ll be using. With some OS versions, the above commands
to open the browser might not work at all. This could be an insurmountable problem.

However, QGIS sits on top of the incredibly powerful and versatile Qt4 library. Also, QGIS actions can be
arbitrary, tokenized (i.e. using variable information based on the contents of a field attribute) Python commands!

Now you’ll see how to use a python action to show a web page. It’s the same general idea as opening a site in an
external browser, but it requires no browser on the user’s system since it uses the Qt4 QWebView class (which is
a webkit based html widget) to display the content in a pop up window.

Instead of Google, let’s use Wikipedia this time. So the URL you request will look like this:
http://wikipedia.org/wiki/SEARCH_PHRASE
To create the layer action:
* Open the Layer Properties dialog and head over to the Actions tab.
 Set up a new action using the following properties for the action:
— Type: Python
— Name: Wikipedia

— Action (all on one line): from PyQt4.QtCore import QUrl; from
PyQt4.QtWebKit import QWebView; myWV = QWebView (None) ;
myWV.load (QUrl (' http://wikipedia.org/wiki/[% "name" %]1’));
myWV . show ()
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0086 /! Layer Properties - landuse
" General w Action list
W Style Type Name Action Capture
2 Labels Mac Google Search ﬂgg:r:’fww.g_.. O
5 Fields
Rendering
% Display
f:@ Actions
’ 1 Joins
IER Diagrams
q Metadata
el v = " Add default actions |
¥ Action properties
© Type [ Python +| [ Capture output
Name |Wikipedia |
Action | from PyQt4.QtCore import QUrl; from PyQt4.QtWebKit import QWebView; myWv = l:l

QWebView(None);myWV.load(QUrl('http:/ /fwikipedia.org/wiki/[¥ "name" %]'); myWV.show()

| Insert expression... | | OGC_FID | Insert field |
| Add to action list || Update selected action
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |

There are a couple of things going on here:

* All the python code is in a single line with semi-colons separating commands (instead of newlines, the usual
way of separating Python commands).

* [$ "name" %] will be replaced by the actual attribute value when the action is invoked (as before).

¢ The code simply creates a new QWebView instance, sets its URL, and then calls show () on it to make it
visible as a window on the user’s desktop.

Note that this is a somewhat contrived example. Python works with semantically significant indentation, so
separating things with semicolons isn’t the best way to write it. So, in the real world, you’d be more likely to
import your logic from a Python module and then call a function with a field attribute as parameter.

You could equally use the approach to display an image without requiring that the user has a particular image
viewer on their system.

* Try using the methods described above to load a Wikipedia page using the Wikipedia action you just created.

6.4.6 In Conclusion

Actions allow you to give your map extra functionality, useful to the end-user who views the same map in QGIS.
Due to the fact that you can use shell commands for any operating system, as well as Python, the sky’s the limit
in terms of the functions you could incorporate!
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6.4.7 What’s Next?

Now that you’ve done all kinds of vector data creation, you’ll learn how to analyze this data to solve problems.
That’s the topic of the next module.

146 Chapter 6. Module: Creating Vector Data



CHAPTER 7

Module: Vector Analysis

Now that you have edited a few features, you must want to know what else one can do with them. Having features
with attributes is nice, but when all is said and done, this doesn’t really tell you anything that a normal, non-GIS
map can’t.

The key advantage of a GIS is this: a GIS can answer questions.

For the next three modules, we’ll endeavor to answer a research question using GIS functions. For example, you
are an estate agent and you are looking for a residential property in Swellendam for clients who have the following
criteria:

1. It needs to be in Swellendam.

2. It must be within reasonable driving distance of a school (say 1km).
3. It must be more than 100m squared in size.

4. Closer than 50m to a main road.

5. Closer than 500m to a restaurant.

Within the next few modules, we’ll harness the power of GIS analysis tools to locate suitable farm properties for
this new residential development.

7.1 Lesson: Reprojecting and Transforming Data

Let’s talk about Coordinate Reference Systems (CRSs) again. We’ve touched on this briefly before, but haven’t
discussed what it means practically.

The goal for this lesson: To reproject and transform vector datasets.

7.1.1 i Follow Along: Projections

The CRS that all the data as well as the map itself are in right now is called WGS84. This is a very common
Geographic Coordinate System (GCS) for representing data. But there’s a problem, as we will see.

* Save your current map.
* Then open the map of the world which you’ll find under exercise_data/world/world.ggs.
e Zoom in to South Africa by using the Zoom In tool.

 Try setting a scale in the Scale field, which is in the Status Bar along the bottom of the screen. While over
South Africa, set this value to 1: 5000000 (one to five million).

* Pan around the map while keeping an eye on the Scale field.
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Notice the scale changing? That’s because you’re moving away from the one point that you zoomed into at
1:5000000, which was at the center of your screen. All around that point, the scale is different.

To understand why, think about a globe of the Earth. It has lines running along it from North to South. These
longitude lines are far apart at the equator, but they meet at the poles.

In a GCS, you’re working on this sphere, but your screen is flat. When you try to represent the sphere on a flat
surface, distortion occurs, similar to what would happen if you cut open a tennis ball and tried to flatten it out.
What this means on a map is that the longitude lines stay equally far apart from each other, even at the poles
(where they are supposed to meet). This means that, as you travel away from the equator on your map, the scale
of the objects that you see gets larger and larger. What this means for us, practically, is that there is no constant
scale on our map!

To solve this, let’s use a Projected Coordinate System (PCS) instead. A PCS “projects” or converts the data in a
way that makes allowance for the scale change and corrects it. Therefore, to keep the scale constant, we should
reproject our data to use a PCS.

7.1.2 - Follow Along: “On the Fly” Reprojection
QGIS allows you to reproject data “on the fly”. What this means is that even if the data itself is in another CRS,
QGIS can project it as if it were in a CRS of your choice.

* To enable “on the fly” projection, click on the CRS Status button in the Status Bar along the bottom of the
QGIS window:

O

¢ In the dialog that appears, check the box next to Enable ‘on the fly’ CRS transformation.

* Type the word global into the Filter field. One CRS (NSIDC EASE-Grid Global) should appear in the
list below.

¢ Click on the NSIDC EASE-Grid Global to select it, then click OK.

* Notice how the shape of South Africa changes. All projections work by changing the apparent shapes of
objects on Earth.

e Zoom in to a scale of 1: 5000000 again, as before.
* Pan around the map.
* Notice how the scale stays the same!
“On the fly” reprojection is also used for combining datasets that are in different CRSs.
* Deactivate “on the fly” re-projection again:
— Click on the CRS Status button again.
— Un-check the Enable ‘on the fly’ CRS transformation box.
— Clicking OK.

* In QGIS 2.0, the ‘on the fly’ reprojection is automatically activated when layers with different CRSs are
loaded in the map. To understand what ‘on the fly’ reprojection does, deactivate this automatic setting:

Go to Settings — Options...

On the left panel of the dialog, select CRS.

Un-check Automatically enable ‘on the fly’ reprojection if layers have different CRS.
Click OK.

* Add another vector layer to your map which has the data for South Africa only. You’ll find it as
exercise_data/world/RSA. shp.
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What do you notice?
The layer isn’t visible! But that’s easy to fix, right?
¢ Right-click on the RSA layer in the Layers list.
e Select Zoom to Layer Extent.
OK, so now we see South Africa... but where is the rest of the world?

It turns out that we can zoom between these two layers, but we can’t ever see them at the same time. That’s because
their Coordinate Reference Systems are so different. The continents dataset is in degrees, but the RSA dataset is in
meters. So, let’s say that a given point in Cape Town in the RSA dataset is about 4 100 000 meters away from
the equator. But in the continents dataset, that same point is about 33 . 9 degrees away from the equator.

This is the same distance - but QGIS doesn’t know that. You haven’t told it to reproject the data. So as far as it’s
concerned, the version of South Africa that we see in the RSA dataset has Cape Town at the correct distance of 4
100 000 meters from the equator. But in the continents dataset, Cape Town is only 33. 9 meters away from the
equator! You can see why this is a problem.

QGIS doesn’t know where Cape Town is supposed to be - that’s what the data should be telling it. If the data tells
QGIS that Cape Town is 34 meters away from the equator and that South Africa is only about 12 meters from
north to south, then that is what QGIS will draw.

To correct this:
¢ Click on the CRS Status button again and switch Enable ‘on the fly’ CRS transformation on again as before.
e Zoom to the extents of the RSA dataset.

Now, because they’re made to project in the same CRS, the two datasets fit perfectly:
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When combining data from different sources, it’s important to remember that they might not be in the same CRS.
“On the fly” reprojection helps you to display them together.

Before you go on, you probably want to have the ‘on the fly’ reprojection to be automatically activated whenever
you open datasets having different CRS:

* Open again Settings — Options... and select CRS.

 Activate Automatically enable ‘on the fly’ reprojection if layers have different CRS.
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7.1.3 % Follow Along: Saving a Dataset to Another CRS
Remember when you calculated areas for the buildings in the Classification lesson? You did it so that you could
classify the buildings according to area.

* Open your usual map again (containing the Swellendam data).

* Open the attribute table for the buildings layer.

¢ Scroll to the right until you see the AREA field.

Notice how the areas are all very small; probably zero. This is because these areas are given in degrees - the data
isn’t in a Projected Coordinate System. In order to calculate the area for the farms in square meters, the data has
to be in square meters as well. So, we’ll need to reproject it.

But it won’t help to just use ‘on the fly’ reprojection. ‘On the fly’ does what it says - it doesn’t change the data,
it just reprojects the layers as they appear on the map. To truly reproject the data itself, you need to export it to a
new file using a new projection.

* Right-click on the buildings layer in the Layers list.
* Select Save As... in the menu that appears. You will be shown the Save vector layer as... dialog.
* Click on the Browse button next to the Save as field.

e Navigate to exercise_data/ and specify the mname of the new layer as
buildings_reprojected. shp.

* Leave the Encoding unchanged.

* Change the value of the Layer CRS dropdown to Selected CRS.
* Click the Browse button beneath the dropdown.

* The CRS Selector dialog will now appear.

e In its Filter field, search for 34S.

* Choose WGS 84 / UTM zone 34S from the list.

* Leave the Symbology export unchanged.

The Save vector layer as... dialog now looks like this:
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8608 Save vector layer as... .|

Format [ ESRI Shapefile

Save as

L’nes,l’l:lrobofsites,fqgisfbuildings_repmjected.shp | [

Encoding [ System

CRS | Selected CRS

WCS 84 / UTM zone 3458 [ Browse

Symbology export [ Mo symbology

Scale 1:50000

[ | Skip attribute creation
[V Add saved file to map

‘ More Options >>

* Click OK.
* Start a new map and load the reprojected layer you just created.
Refer back to the lesson on Classification to remember how you calculated areas.

* Update (or add) the AREA field by running the same expression as before:

7.1. Lesson: Reprojecting and Transforming Data 151



QGIS Training Manual, Release 2.6

806 .

Field calculator
R g S

[ | Only update selected features
(¥ Create a new field
Output field name |AREA |

Output field type [ Decimal number (real} ‘]

r

Output field width |10 E] Precision |3 @

[ | Update existing field

osm_id

Function List

Selected Function Help
Search

b Date and Time
> String Returns the area size of the current feature.
» Color

v Geometry Syntax
xat
yat

Slength

Sperimeter

$area function

Operators

= +

Expression

Sarea|

Output preview: 34454046.8178711

Cancel ] E—Oﬂ—i

This will add an AREA field with the size of each building in square meters

¢ To calculate the area in another unit of measurement, for example hectares, use the AREA field to create a
second column:
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0086 Field calculator

[ | Only update selected features

(¥ Create a new field [ | Update existing field
Output field name |AREA_HA |
|

Output field type | Decimal number (real)

Output field width (10 |[3| Precision |3

osm_id

@l

Function List

Selected Function Help
Search |

leisure Field
man_made
military
natural Biaht Click on fiald nama tn anan eontevt mani eamnla
office Field Values

place
shop
sport
tourism
other_tags

Double click to add field name to expression string.

| Load all unique values | Load 10 sample values |

Operators

=[ +| - 1] A 0| (]

Expression

"AREA" * 0.0001

Qutput preview: 3445 40468178711
| Help | | Cancel | [ OK |

Look at the new values in your attribute table. This is much more useful, as people actually quote building size in
meters, not in degrees. This is why it’s a good idea to reproject your data, if necessary, before calculating areas,
distances, and other values that are dependent on the spatial properties of the layer.

71.4 " Follow Along: Creating Your Own Projection

There are many more projections than just those included in QGIS by default. You can also create your own
projections.

* Start a new map.
* Load the world/oceans. shp dataset.

* Go to Settings — Custom CRS... and you’ll see this dialog:
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806

. __Custom Coordinate Reference System Definition
Define

You can define your own custom Coordinate Reference System (CRS) here. The
definition must conform to the proj4 format for specifying a CRS.

Name Parameters

[ & Add new CRS ] = Rermove

Name: | |

Parameters:

Copy
existing CRS

Test

Use the text boxes below to test the CRS definition you are creating. Enter a
coordinate where both the lat/long and the transformed result are known (for
example by reading off a map). Then press the calculate button to see if the
CRS definition you are creating is accurate.

Geographic / WGS584 Destination CRS
North | I

Calculate

[ Cancel ] [-—Oh-]

* Click on the Add new CRS button to create a new projection.

An interesting projection to use is called Van der Grinten I.
* Enter its name in the Name field.

This projection represents the Earth on a circular field instead of a rectangular one, as most other projections do.
* For its parameters, use the following string:

+proj=vandg +lon_0=0 +x_0=0 +y_0=0 +R_A +a=6371000 +b=6371000 +units=m
+no_defs
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8.0.6 Custom Coordinate Reference Systern Definition
Define

You can define your own custom Coordinate Reference System (CRS) here. The
definition must conform to the proj4 format for specifying a CRS.

Name Parameters

[ & Add new CRS ] = Rermove

Mame: |‘u’an der Grinten | |

Parameters:

+proj=vandg +lon_0=0 +x_0=0 +y_0=0 +R_A
Co +a=6371000 +b=6371000 +units=m
PY
existing CRS +no_defs|

Test

Use the text boxes below to test the CRS definition you are creating. Enter a
coordinate where both the lat/long and the transformed result are known (for

example by reading off a map). Then press the calculate button to see if the
CRS definition you are creating is accurate.

Geographic / WGS584 Destination CRS
North | I

Calculate

[ Cancel ] [-—OI(—J

Click OK.

* Enable “on the fly” reprojection.

Choose your newly defined projection (search for its name in the Filter field).

On applying this projection, the map will be reprojected thus:
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7.1.5 In Conclusion

Different projections are useful for different purposes. By choosing the correct projection, you can ensure that the
features on your map are being represented accurately.

7.1.6 Further Reading

Materials for the Advanced section of this lesson were taken from this article.

Further information on Coordinate Reference Systems is available here.

7.1.7 What’s Next?

In the next lesson you’ll learn how to analyze vector data using QGIS’ various vector analysis tools.

7.2 Lesson: Vector Analysis

Vector data can also be analyzed to reveal how different features interact with each other in space. There are many
different analysis-related functions in GIS, so we won’t go through them all. Rather, we’ll pose a question and try
to solve it using the tools that QGIS provides.

The goal for this lesson: To ask a question and solve it using analysis tools.

7.2.1 ‘} The GIS Process

Before we start, it would be useful to give a brief overview of a process that can be used to solve any GIS problem.
The way to go about it is:
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1. State the Problem
2. Get the Data
3. Analyze the Problem

4. Present the Results

7.2.2 vl The problem

Let’s start off the process by deciding on a problem to solve. For example, you are an estate agent and you are
looking for a residential property in Swellendam for clients who have the following criteria:

1. It needs to be in Swellendam.

2. It must be within reasonable driving distance of a school (say 1km).
3. It must be more than 100m squared in size.

4. Closer than 50m to a main road.

5. Closer than 500m to a restaurant.

7.2.3 v{ The data

To answer these questions, we’re going to need the following data:
1. The residential properties (buildings) in the area.
2. The roads in and around the town.
3. The location of schools and restaurants.
4. The size of buildings.

All of this data is available through OSM and you should find that the dataset you have been using throughout
this manual can also be used for this lesson. However, in order to ensure we have the complete data, we will
re-download the data from OSM using QGIS’ built-in OSM download tool.

Note: Although OSM downloads have consistent data fields, the coverage and detail does vary. If you find that
your chosen region does not contain information on restaurants, for example, you may need to chose a different

region.

7.2.4 i Follow Along: Start a Project

* Start a new QGIS project.

* Use the OpenStreetMap data download tool found in the Vector -> OpenStreetMap menu to download the
data for your chosen region.

» Save the data as osm_data.osmin your exercise_data folder.

Note that the osm format is a type of vector data. Add this data as a vector layer as usually Layer -> Add
vector layer..., browse to the new osm_data . osm file you just downloaded. You may need to select Show
All Files as the file format.

¢ Select osm_data.osm and click Open

e In the dialog which opens, select all the layers, except the other_relations and
multilinestrings layer:
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8 0.8 Select vector layers to add...
Layer 1D | Layer name Mumber of features | Geometry type
points Unknown Point

lines Unknown LineString

1
2 multilinestrings  Unknown MultiLineString

3 multipolygons Unknown MultiPolygon
4 other_relations  Unknown GeometryCollection

| SelectAll | | Cancel | E OK }

This will import the OSM data as separate layers into your map.

The data you just downloaded from OSM is in a geographic coordinate system, WGS84, which uses latitude and
longitude coordinates, as you know from the previous lesson. You also learnt that to calculate distances in meters,
we need to work with a projected coordinate system. Start by setting your project’s coordinate system to a suitable

CRS for your data, in the case of Swellendam, WGS 84 / UTM zone 34S:

* Open the Project Properties dialog, select CRS and filter the list to find WGS 84 / UTM zone 34S.

* Click OK.

We now need to extract the information we need from the OSM dataset. We need to end up with layers representing
all the houses, schools, restaurants and roads in the region. That information is inside the multipolygons layer and

can be extracted using the information in its Attribute Table. We’ll start with the schools layer:

* Right-click on the multipolygons layer in the Layers list and open the Layer Properties.

Go to the General menu.
Under Feature subset click on the [Query Builder] button to open the Query builder dialog.
In the Fields list on the left of this dialog until you see the field amenity.

Click on it once.

¢ Click the All button underneath the Values list:

Now we need to tell QGIS to only show us the polygons where the value of amenity is equal to school.

¢ Double-click the word amenity in the Fields list.

» Watch what happens in the Provider specific filter expression field below:
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# Layer Properties - multipolygons | General

"Q General ¥ Layer info

™=’ Style Layer name |multipo\ygons | displayed as multipolygons
Lay ©.0 © Query Builder

€2 Labels

multipolygons
= Fields Fields Values

" Rendering aeroway parking

place_of worship

admin_level police

barrier pub ify.. |
boundary restaurant

building retirement_home

craft
geological

historic
ER— Use unfiltered layer

® Display
{;'.-G) Actions

d . .
¥ Joins

IER Diagrams Sample I

f’f Metadata

w QOperators

[ > || uke |[ % |[ IN |[ NOTIN |
I[ 1= || wke |[ AND |[ OR |[ NOT |

Provider specific filter expression

"amenity" = fschool'

| Help | | Test | | Clear | | Cancel | E

| Query Builder |
| Load Style ... | Save As Default | | Restore Default Style | | Save Style v |
| Help | | Apply | | cancel | [ OK |

The word "amenity" has appeared. To build the rest of the query:
¢ Click the = button (under Operators).
* Double-click the value school in the Values list.
* Click OK twice.
This will filter OSM’s multipolygons layer to only show the schools in your region. You can now either:

* Rename the filtered OSM layer to schools and re-import the multipolygons layer from
osm_data.osm, OR

 Duplicate the filtered layer, rename the copy, clear the Query Builder and create your new query in the
Query Builder.

7.25 &I Try Yourself Extract Required Layers from OSM
Using the above technique, use the Query Builder tool to extract the remaining data from OSM to create the
following layers:

* roads (from OSM’s 1ines layer)

* restaurants (from OSM’s multipolygons layer)
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* houses (from OSM’s multipolygons layer)
You may wish to re-use the roads . shp layer you created in earlier lessons.
Check your results
 Save your map under exercise_data, as analysis.qggs (this map will be used in future modules).

e In your operating system’s file manager, create a new folder under exercise_data and call it
residential_development. This is where you’ll save the datasets that will be the results of the
analysis functions.

7.2.6 ‘i Try Yourself Find important roads

Some of the roads in OSM’s dataset are listed as unclassified, tracks, path and footway. We want to
exclude these from our roads dataset.

* Open the Query Builder for the roads layer, click Clear and build the following query:

"highway" != 'NULL’ AND "highway" != ‘unclassified’ AND "highway" !=
"track’ AND "highway" != ‘path’ AND "highway" != ’footway’

You can either use the approach above, where you double-clicked values and clicked buttons, or you can copy and
paste the command above.

This should immediately reduce the number of roads on your map:
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7.2.7 ‘} Try Yourself Convert Layers’ CRS

Because we are going to be measuring distances within our layers, we need to change the layers’ CRS. To do this,
we need to select each layer in turn, save the layer to a new shapefile with our new projection, then import that
new layer into our map.

Note: In this example, we are using the WGS 84 / UTM zone 34S CRS, but you may use a UTM CRS which is
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more appropriate for your region.

* Right click the roads layer in the Layers panel.
* Click Save as...

* Inthe Save Vector As dialog, choose the following settings and click Ok (making sure you select Add
saved file to map):

Format [ ESRI Shapefile

Save as no/sites/qgis/roads_34S.shp

Encoding [ System

| Selected CRS

CRS
WGS 84 [ UTM zone 345

Symbology export [ No symbology

Scale 1:50000
OGR creation options

Data source

Layer

|| Skip attribute creation
™ Add saved file to map

The new shapefile will be created and the resulting layer added to your map.
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Note: If you don’t have activated Enable ‘on the fly’ CRS transformation or the Automatically enable ‘on the fly’
reprojection if layers have different CRS settings (see previous lesson), you might not be able to see the new layers

you just added to the map. In this case, you can focus the map on any of the layers by right click on any layer and
click Zoom to layer extent, or just enable any of the mentioned ‘on the fly’ options.

* Remove the old roads layer.

Repeat this process for each layer, creating a new shapefile and layer with “_34S” appended to the original name
and removing each of the old layers.

Once you have completed the process for each layer, right click on any layer and click Zoom to layer extent to
focus the map to the area of interest.

Now that we have converted OSM’s data to a UTM projection, we can begin our calculations.

7.2.8 v{ Follow Along: Analyzing the Problem: Distances From Schools and
Roads

QGIS allows you to calculate distances from any vector object.

* Make sure that only the roads_34S and houses_34S layers are visible, to simplify the map while you’re
working.

¢ Click on the Vector — Geoprocessing Tools — Buffer(s) tool:
This gives you a new dialog.

* Set it up like this:
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|80 06 _ Buffer(s) — o

Input vector layer

[ roads_buffer 50m

|| Use only selected features

Segments to approximate

(») Buffer distance

() Buffer distance field
osm_id
| | Dissolve buffer results

Output shapefile

lumes/Drobo/sites/qgis/roads_buffer_S50m.shp | Browse |

] [Clnse ] H

The Buffer distance is in meters because our input dataset is in a Projected Coordinate System that uses meter as
its basic measurement unit. This is why we needed to use projected data.

e Save the resulting layer under exercise_data/residential_development/ as
roads_buffer_50m.shp.

¢ Click OK and it will create the buffer.

e When it asks you if it should “add the new layer to the TOC”, click Yes. (“TOC” stands for “Table of
Contents”, by which it means the Layers list).

* Close the Buffer(s) dialog.

Now your map will look something like this:
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If your new layer is at the top of the Layers list, it will probably obscure much of your map, but this gives us all
the areas in your region which are within 50m of a road.

However, you’ll notice that there are distinct areas within our buffer, which correspond to all the individual roads.
To get rid of this problem, remove the layer and re-create the buffer using the settings shown here:
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Input vector layer

| roads_345

|| Use only selected features

Segments to approximate

(») Buffer distance

() Buffer distance field
osm_id
¥ Dissolve buffer results

Output shapefile

lumes/Drobo/sites/qgis/roads_buffer_50m.shp
| [ Close ] E—OK—-]

* Note that we’re now checking the Dissolve buffer results box.

* Save the output under the same name as before (click Yes when it asks your permission to overwrite the old
one).

* Click OK and close the Buffer(s) dialog again.
Once you’ve added the layer to the Layers list, it will look like this:
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Now there are no unnecessary subdivisions.

7.2.9 f Try Yourself Distance from schools

» Use the same approach as above and create a buffer for your schools.
It needs to be 1 km in radius, and saved under the usual directory as schools_buffer_lkm. shp.

Check your results

7.2.10 0 Follow Along: Overlapping Areas

Now we have areas where the road is 50 meters away and there’s a school within 1 km (direct line, not by road).
But obviously, we only want the areas where both of these criteria are satisfied. To do that, we’ll need to use the
Intersect tool. Find it under Vector — Geoprocessing Tools — Intersect. Set it up like this:
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Input vector layer

[ schools_buffer_1km

|| Use only selected features

Intersect layer

roads_buffer_50m

|| Use only selected features

Output shapefile

bo/sites/qgis/school_roads_intersect.shp
[ Close ] L—ﬂﬁ—i

The two input layers are the two buffers; the save location is as usual; and the file name is
road_school_buffers_intersect.shp. Once it’s set up like this, click OK and add the layer to the
Layers list when prompted.

In the image below, the blue areas show us where both distance criteria are satisfied at once!
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You may remove the two buffer layers and only keep the one that shows where they overlap, since that’s what we
really wanted to know in the first place:
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7.2.11 0 Follow Along: Select the Buildings

Now you’ve got the area that the buildings must overlap. Next, you want to select the buildings in that area.

* Click on the menu entry Vector — Research Tools — Select by location. A dialog will appear.
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e Set it up like this:

Select features in:

[ houses 345

that intersect features in:

l school_roads_intersect

|| Use selected features only

Maodify current selection by:

[ creating new selection

[ Close ] —

* Click OK, then Close.

* You’ll probably find that not much seems to have changed. If so, move the school_roads_intersect
layer to the bottom of the layers list, then zoom in:
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The buildings highlighted in yellow are those which match our criteria and are selected, while the buildings in
green are those which do not. We can now save the selected buildings as a new layer.

* Right-click on the houses_34S layer in the Layers list.
¢ Select Save Selection As....

* Set the dialog up like this:

Format [ ESRI Shapefile

Save as Igisfwell_lncated_hnuses.shp|[ Browse ]

Encoding [ System

| Layer CRS

WCS 84 / UTM zone 345

Symbology export | No symbology 3

CRS

Scale 1:50000 =

OGR creation options

Data source

Layer

|| Skip attribute creation
™ Add saved file to map

Cancel ] M

e The file name is well_located_houses. shp.

* Click OK.
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Now you have the selection as a separate layer and can remove the houses_34S layer.

7.2.12 % Try Yourself Further Filter our Buildings
We now have a layer which shows us all the buildings within 1km of a school and within 50m of a road. We now
need to reduce that selection to only show buildings which are within 500m of a restaurant.

Using the processes described above, create a new layer called houses_restaurants_500m which further
filters your well_located_houses layer to show only those which are within 500m of a restaurant.

Check your results

7.2.13 v* Follow Along: Select Buildings of the Right Size

To see which buildings are the correct size (more than 100 square meters), we first need to calculate their size.
* Open the attribute table for the houses_restaurants_500m layer.
* Enter edit mode and open the field calculator.

e Set it up like this:
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8. 0.8 ’ Field calculator

ia

[ | Only update selected features

(¥ Create a new field [ | Update existing field
Output field name |AREA |

r

Output field width |10 E] Precision |3 @

Output field type [ Decimal number (real) ‘] osm_id

Function List

Selected Function Help
Search

» Color $area function

v GE[:-::tw Returns the area size of the current feature.
yat Syntax

Slength

Sperimeter

$x

3y

Operators

= +

Expression

%area

Output preview: 3642.21533203125

Tlp Cancel ] E—OH

If you can’t find ARFEA in the list, try creating a new field as you did in the previous lesson of this module.
Click OK.

Scroll to the right of the attribute table; your AREA field now has areas in metres for all the buildings in your
houses_restaurants_500m layer.

Click the edit mode button again to finish editing, and save your edits when prompted.

Build a query as earlier in this lesson:

172 Chapter 7. Module: Vector Analysis



QGIS Training Manual, Release 2.6

# Layer Properties — houses_restaurants_500m

"Q General ¥ Layer info

= Style Layer name |houses_restaurants_500m | displayed as houses_restaurants_500m

Lay 0.0 © Query Builder

€2 Labels
houses_restaurants_500m
Fields Values

B Fields

" Rendering

man_made
military
natural
office
place

shop

sport
tourism l

® Display
{;'.-G) Actions

d . .
¥ Joins

5 Diagrams Sample ] {

Use unfiltered layer

rf Metadata

w QOperators

< [ > |[uke |[ % |[ N |[ NOTIN |
| >= /[ 1= |[ wke |[ anp |[ OrR |[ NOT |

Provider specific filter expression

"AREA" >= 100

| Help | | Test | | Clear | | Cancel |

( Query Builder ]
| Load Style ... | Save As Default | | Restore Default Style | | Save Style v |
| Help | | Apply | | cancel | [ OK |

* Click OK. Your map should now only show you those buildings which match our starting criteria and which
are more than 100m squared in size.

7.2.14 & Try Yourself

» Save your solution as a new layer, using the approach you learned above for doing so. The file should be
saved under the usual directory, with the name solution. shp.

7.2.15 In Conclusion

Using the GIS problem-solving approach together with QGIS vector analysis tools, you were able to solve a
problem with multiple criteria quickly and easily.

7.2.16 What’s Next?

In the next lesson, we’ll look at how to calculate the shortest distance along the road from one point to another.
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7.3 Lesson: Network Analysis

Calculating the shortest distance between two points is a commonly cited use for GIS. QGIS ships with this tool,
but it’s not visible by default. In this brief lesson, we’ll show you what you need to get started.

The goal for this lesson: To activate, configure and use the Road Graph plugin.

7.3.1 ‘ Follow Along: Activate the Tool

QGIS has many plugins that add to its basic functions. Many of these plugins are so useful that they ship along
with the program straight out of the box. They’re still hidden by default, though. So in order to use them, you
need to activate them first.

To activate the Road Graph plugin:

o Start the Plugin Manager by clicking on the QGIS main window’s menu item Plugins — Manage and
Install Plugins.... A dialog appears.

* Select the plugin like this:

|ene
oA

}F!] Installed

Plugins | All (178)

Search |

<+ Coordinate Capture

X p Converter
flg Dxf25hp C
= On the left you see the list of all plugins available for your QGIS, both

All Plugins

% Not installed

# Settings

¢ Click Close on the Plugin Manager dialog.

eVis
Ceoreferencer GDAL
i 2 GPS Tools
Heatmap
“ Interpolation plugin
&/ OfflineEditing
Oracle Spatial CeoRaster
Raster Terrain Analysis plugin
. Road graph plugin

T

\/ Spatial Query F’ugin
Ty SPIT

5QL Anywhere plugin
Topology Checker
Zonal statistics plugin
= Crayfish

_ Datasource Importer
*§ DB Manager

. Elevation

fTools

. Freehand Editing
 GEarthView
 Generalizer

- geoUmbriaSUIT

oo

PN

& ®
5

AL M

L

| Help |

installed and available for download. Some plugins come with your QGIS
installation while most of them are made available via the plugin
repositories.

You can temporarily enable or disable a plugin. To enable or disable a
plugin, click its checkbox or doubleclick its name...

Plugins showing in red are not loaded because there is a problem. They are
also listed on the 'Invalid' tab. Click on the plugin name to see more details,
or to reinstall or uninstall this plugin.

Upgrade all Uninstall plugin Reinstall plugin

| Close |

Note:
check mark next to it.

If you do not see the plugin in your interface, go to View — Panels and ensure that Shortest path has a

This panel will appear in your interface:
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LX) Shortes path
Start
E]
Stop
£
Criterion [ Length 3
Length
Time
Calculate | | Export Clear |
 Whep ]
&) Coordinate: -1.343,-0.084 Scale [1:599369 +) (%] & Render £SG:4326 (@) |

7.3.2 e Follow Along: Configure the Tool

To have a layer to calculate on, first save your current map. If you haven’t already done so, save your roads_34S

layer to a shapefile by right-clicking the layer and selecting Save as.... Create a new map and load this layer into
it.

Since so many different configurations are possible when analyzing networks, the plugin doesn’t assume anything
before you’ve set it up. This means that it won’t do anything at all if you don’t set it up first.

¢ Click on the menu item Vector — Road graph — settings. A dialog will appear.

¢ Make sure it’s set up like this (use defaults unless otherwise specified):
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Time unit

Distance unit [ kilometer

Topology tolerance | 0.00000

GGG EGLEEYT AN Default settings Jﬁ

Layer [ roads_345

Direction field [ Always use default

Value for forward direction |

Value for reverse direction |

Value two-way direction |

Speed field [ Always use default :] [ km/h

Cancel ] —

* Time unit: hour

* Distance unit: kilometer

* Layer: roads_34S

Speed field: Always use default | km/h
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Time unit

Distance unit [ kilometer

Topology tolerance | 0.00000

(—[ Transportation layer [ eloEl 8200 15

Direction [ Two-way direction

Line lengths

160 )

Cancel ] —

* Direction: Two-way direction

* Speed: 60

7.3.3 0 Follow Along: Use the Tool

Find two points, on roads, on your map. They do not need to have any significance, but they should be connected
by roads and separated by a reasonable distance:
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APREARPLLGHAR & @ & BE & 32 @ BW

HSP*HA8NFN

WETESN Browser

06 Shortest path

Start

Length

Stop

Time

Calculate Export | | Clear

%] Coordinate: 440758,6236550 Scale [1:20800 |- || @ Render EPSG:32734 (&)

¢ In the plugin panel, click on the Capture Point button next to the Start field:
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Browser
(x N =] Shortest path
Start
El
Stop
.5
Criterion [ Length :]
Length
Time
[ Calculate ] [ Export ] [ Clear ]
[ s+ Help ]

* Click on your chosen start point.

» Use the Capture Point button next to the Stop field and capture your chosen end point.

¢ Click on the Calculate button to see the solution:
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066 QGIS 2.0.1-Dufour
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0
06 Shortest path
Start
(440601,6.23795¢+06) [¥
sop
#521546.236026206)

) [+

Criterion [ Length
Length 15.2042km
Time 0.253403h

[_Calculate | [ Export Clear |

52 Help )

%] Coordinate: | 446425,6234090 | Scale [1:29800

) |9| @ Render EPSG:32734 (@) y

734 &I Follow Along: Using Criteria

Note: Section developed by Linfiniti and S Motala (Cape Peninsula University of Technology)

Add your restaurants_34S layer to the map (extract it from your analyis map if necessary).

Open the attribute table for the roads_34S layer and enter edit mode.

Add a new column with the name SPEED, and give it the type Whole number (integer) with a width of 3.

In the main window, activate the Select Features by Rectangle tool:
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P P H fr - — oty ; :
MR @& G B & B E =) g [T,
% mﬁ abel E}:‘ Select Single Feature

. EY Select Features by Rectangle
il Select Features by Polygon

E;ti Select Features by Freehand
{41 Select Features by Radius

* Select any main roads in urban - but not residential - areas:

QGIS 2.0.1-Dufo

@ G, ke BE =0 po BN

S 8HH8FN

Browser

) shorestpah
Start.

£
Stop
Criterion

Length

Time

Calculate Export | [ Clear

53 Help

Toggles the editing state of the current layer Coordinate: Scale 116082 [+) (Y] & Render EPSG:32734

(To select more than one road, hold the ct r1 button and drag a box across any road that you want to include in
the selection.)

* In the attribute table, select Show selected features.
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waterway aerialway barrier other_tags
183010770 | Cooper Street i "lanes"=>"...
183080638 Kerk Street i "name:al
183080642 | Swellengrebel | tertiary "lanes"=>"2"
238808188  Voortrek St... | secondary "lanes"=>"2"

238992238 Cooper Street | residential
238992244  Somerset St... | reside o
37608761 Berg residential "maxspeed”.

4937372 Voortrek St... | tertiary "lanes"=>"...

55692509 Cooper Street il it NULL

55692517 Kerk Street i "surface"=

59406669 NULL i NULL

100187237 NULL service NULL
92 | 101398165 NULL trunk NULL NULL NULL NULL "bridge"=>"... NULL
93 | 101398171 NULL trunk NULL NULL NULL NULL "maxspeed”... NULL
94 | 169449294 Rhenius residential NULL NULL NULL NULL NULL NULL
95 | 169451631 De Mist Street | residential NULL NULL NULL NULL "oneway": NULL
96 | 170968185 Bontebok St... | residential NULL NULL NULL NULL "access” . NULL
97 | 172750608 NULL service NULL NULL NULL NULL "service"=>... NULL
98 | 177153014 NULL residential NULL NULL NULL NULL NULL NULL
9g | 177153015 NULL service NULL NULL NULL NULL NULL NULL
100 177153016 Akasia residential NULL NULL NULL NULL NULL NULL
101 177153017 NULL residential NULL NULL NULL NULL NULL NULL
102 177153018 NULL residential NULL NULL NULL NULL NULL NULL

i1 Show All Features

ow Selected Fe e
&4 Show Features Visible On Map
i1 Show Edited and New Features
Column Filter >
L1 Advanced Filter (Expression) $8F

¢ Set the SPEED value for all the selected streets to 60:

Attribute table - roads 345 :: Features total: 302, filtered: 302, selected: 11

[5 B [s]

183010770
183080638
183080642
238808188
238992238
238992244
37608761
4937372
55692509
55692517
59406669

highway acrialway barier

Cooper Street
Kerk Street

Swellengrebel | tertiary
Voortrek St.... | secondary
Cooper Street

Somerset

Berg

Voortrek St...

Cooper Street

Kerk Street

NULL

|4 Show Selected Features

In context, this means that you’re setting the speed limit on those roads to 60 km/h.

* Select any highways or major roads outside urban areas:
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06 Shortest path

Start

Stop.

Criterion [Length ¢

Length

Time

Calculate Export | | Clear
BT

10 feature(s) selected on layer roads_34S. [®] Coordinate: 447065,6234491 Scale [1:16082 |) %] & Render £PSG:32734 [

¢ Set the SPEED value for all the selected streets to 120.

* Close the attribute table, save your edits, and exit edit mode.

* Check the Vector — Road graph — Road graph settings to ensure that it’s set up as explained previously in
this lesson, but with the Speed value set to the SPEED field you just created.

* In the Shortest path panel, click the Start point button.

* Set the starting point on a minor road on one side of Swellendam and the end point on a major road on the
other side of town:

QGiS 2.0.1-Dufo

AR % G B s E BE = T B

El

S 808 VN

=T srowser

00 Shortest path

Start

(446970,6.23356¢+06)
stop

(449696,6.2355¢-+06)
Criterion Time B

Length

Time
Export | [ Clear

58 Help

0 feature(s) selected on layer roads_345.

1] Coordinate: 446558,6234092 Scale (114074 [+ (/] Render EPSG:32734
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* In the Criterion drop-down list in the Shortest path panel, select Length.

¢ Click Calculate. The route will be calculated for the shortest distance:

QGIS 2.0.1-Dufour

DEBLR OBEA S HPLR LS 6 6 B et B =0 5o 5 BY
J B o B & Lh > & e = @ S ew o

006 Layers

v VO restaurants_345

v [/ roads 345

S 8H8FNAES 80

T srowser
20 Shortest path
Start

(446070,6.23356e+06)

I

stop
(449696,6.2355¢+06)

L) [

Criterion [ Length
Length 3.88100km

Time 0.0646606h

[ Calculate Export Clear

( 54 Help

0 feature(s) selected on layer roads_345. ¥ Coordinate: 448559,6231867 Scale [1:14074 |-] &/ HRender £p5G:32734 @

Notice the values of Length and Time in the Shortest path panel.
* Set the Criterion to Time.

* Click Calculate again. The route will be calculated for the shortest time:

0006 QGIS 2.0.1-Dufour

J B o B /R La>s R T T S0 - T
o s

Y YYILY

06 Shortest path
Start
(446970,6.23356¢+06)

2

Stop

(5

(449696,6.2355¢+06)

Crteron
Length 6.07526km
Time 0.06009h

[ Calculate Export | | Clear

L Rbee )

0 feature(s) selected on layer roads_34S. Coordinate: 445133,6233451 Scale [1;14074 |+) %] & Render £PSG:32734 [

You can switch back and forth between these criteria, recalculating each time, and note the changes in the Length
and Time taken. Remember that the assumption being made to arrive at the time taken to travel a route does not
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account for acceleration, and assumes that you will be traveling at the speed limit at all times. In a real situation,
you may want to split roads into smaller sections and note the average or expected speed in each section, rather
than the speed limit.

If, on clicking Calculate, you see an error stating that a path could not be found, make sure that the roads you
digitized actually meet each other. If they’re not quite touching, either fix them by modifying the features, or set
the Topology tolerance in the plugin’s settings. If they’re passing over each other without intersecting, use the
Split features tool to “split” roads at their intersections:

R

Remember that the Split features tool only works in edit mode on selected features, though!

You might also find that the shortest route is also the quickest if this error is returned.

7.3.5 In Conclusion

Now you know how to use the Road Graph plugin to solve shortest-path problems.

7.3.6 What’s Next?

Next you’ll see how to run spatial statistics algorithms on vector datasets.

7.4 Lesson: Spatial Statistics

Note: Lesson developed by Linfiniti and S Motala (Cape Peninsula University of Technology)

Spatial statistics allow you to analyze and understand what is going on in a given vector dataset. QGIS includes
several standard tools for statistical analysis which prove useful in this regard.

The goal for this lesson: To know how to use QGIS’ spatial statistics tools.

7.4.1 V Follow Along: Create a Test Dataset

In order to get a point dataset to work with, we’ll create a random set of points.
To do so, you’ll need a polygon dataset defining the extents of the area you want to create the points in.
We’ll use the area covered by streets.

¢ Create a new empty map.

* Add your roads_34S layer, as well as the srtm_41_19.tif raster (elevation data) found in
exercise_data/raster/SRTM/.

Note: You might find that your SRTM DEM layer has a different CRS to that of the roads layer. If so, you can
reproject either the roads or DEM layer using techniques learnt earlier in this module.

* Use the Convex hull(s) tool (available under Vector — Geoprocessing Tools) to generate an area enclosing
all the roads:
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Input vector layer

roads_33S

|| Use only selected features

(») Create single minimum convex hull
() Create convex hulls based on input field

| TYPE

Output shapefile
ai ifroads_hull.shp

M Add result to canvas

[ Close ] E—OK—-}

* Save the output under exercise_data/spatial_statistics/ as roads_hull.shp.

* Add it to the TOC (Layers list) when prompted.

Creating random points

* Create random points in this area using the tool at Vector — Research Tools — Random points:
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Input Boundary Layer

[ roads_hull
Sample Size

Unstratified Sampling Design (Entire layer)

(#) Use this number of points | 100 [

Stratified Sampling Design (Individual polygons)

[ Use this number of points 1

() Use this density of points  0.0001

() Use value from input field

Output Shapefile

‘random_points.shp

M Add result to canvas

[ Close ] M

 Save the output under exercise_data/spatial_statistics/ as random_points.shp.

e Add it to the TOC (Layers list) when prompted:
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Sampling the data

 To create a sample dataset from the raster, you’ll need to use the Point sampling tool plugin.
 Refer ahead to the module on plugins if necessary.

e Search for the phrase point sampling inthe Plugin —> Manage and Install Plugins... and you will find
the plugin.

* As soon as it has been activated with the Plugin Manager, you will find the tool under Plugins — Analyses
— Point sampling tool:
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LO.O0.0O Point Sampling Tool

TSN Fields | About |

Layer containing sampling points:

random_points

Layers with fields/bands to get values from:

roads_hull : NAME (polygon)
roads_hull : ONEWAY (polygon)
roads_hull : LANES (polygomn)
roads_hull : area (polygon)
roads_hull : perim (polygon)
srim_41_19 : Band 1 (raster)
Cutput point wvector layer:

h ) ) ~_ Jjrandom_samples_shp Browse

v Add created layer to the TOC

Status:
Complete the input fields and press OK | Close | | OK

* Select random_points as the layer containing sampling points, and the SRTM raster as the band to get values
from.

* Make sure that “Add created layer to the TOC” is checked.
¢ Save the output under exercise_data/spatial_statistics/ as random_samples. shp.

Now you can check the sampled data from the raster file in the attributes table of the random_samples layer, they
will be in a column named srtm_41_19.tif.

A possible sample layer is shown here:
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The sample points are classified by their value such that darker points are at a lower altitude.

You’ll be using this sample layer for the rest of the statistical exercises.

7.4.2 & Follow Along: Basic Statistics

Now get the basic statistics for this layer.
* Click on the Vector — Analysis Tools — Basic statistics menu entry.
* In the dialog that appears, specify the random_samples layer as the source.

* Make sure that the Target field is set to srtm_41_19.tif which is the field you will calculate statistics
for.

* Click OK. You’ll get results like this:
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Basics statistics

Input Vector Layer

| random_samples

| | Use only selected features

Target field

|_ srtm_41 19

Statistics output

Parameter Walue
Mean 341.41
StdDev 246.158692514
Sum 34141.0
Min 58.0
Max 1145.0
N 100.0
cv 0.721006099744
Number of unique values 94
Range 1087.0
Median 256.0
Press Cirl+C to copy results to the clipboard
.[ | | Close | | OK |
s
Note: You can copy and paste the results into a spreadsheet. The data uses a (colon :) separator.
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A | B |
1 |Mean 4439
2z |StdDev 254 4524748
3 [Sum 34390
4 |Min 34
5 |Max 1226
& |N 100
7 |CW 0.7 399597 49
& [Mumber of unique valur 91
9 |Range 1192
10 |Median 2R3

* Close the plugin dialog when done.
To understand the statistics above, refer to this definition list:
Mean The mean (average) value is simply the sum of the values divided by the amount of values.

StdDev The standard deviation. Gives an indication of how closely the values are clustered around the mean. The
smaller the standard deviation, the closer values tend to be to the mean.

Sum All the values added together.

Min The minimum value.

Max The maximum value.

N The amount of samples/values.

CV The spatial covariance of the dataset.

Number of unique values The number of values that are unique across this dataset. If there are 90 unique values
in a dataset with N=100, then the 10 remaining values are the same as one or more of each other.

Range The difference between the minimum and maximum values.

Median If you arrange all the values from least to greatest, the middle value (or the average of the two middle
values, if N is an even number) is the median of the values.

7.4.3 - Follow Along: Compute a Distance Matrix

* Create a new point layer in the same projection as the other datasets (WGS 84 / UTM 348S).
 Enter edit mode and digitize three point somewhere among the other points.
* Alternatively, use the same random point generation method as before, but specify only three points.
» Save your new layer as distance_points. shp.

To generate a distance matrix using these points:
* Open the tool Vector — Analysis Tools — Distance matrix.
* Select the distance_points layer as the input layer, and the random_samples layer as the target layer.

* Set it up like this:
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Input point layer

[ distance_points

Input unique ID field
id

Target paoint layer

[ distance_points

Target unique ID field
| id
Output matrix type

() Linear (N*k x 3) distance matrix
() Standard (N x T) distance matrix

(s) Summary distance matrix (mean, std. dev., min, max)

¥ Use only the nearest (k) target points |1 @

Output distance matrix

. .. i/distance_matrix.csv Browse

| Close | | OK

e Save the result as distance_matrix.csv.
* Click OK to generate the distance matrix.

¢ Open it in a spreadsheet program to see the results. Here is an example:
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InputID |[MEAN STDDEV MIN MAX
3 0.195448627921 0 0.195448627921 0.195448627921
2 0.174928758638 0] 0.174928758638 0.174928758638
1 0.174928758638 0 0.174928758638 0.174928758638

7.4.4 0 Follow Along: Nearest Neighbor Analysis

To do a nearest neighbor analysis:
¢ Click on the menu item Vector — Analysis Tools — Nearest neighbor analysis.
* In the dialog that appears, select the random_samples layer and click OK.

* The results will appear in the dialog’s text window, for example:

806 . Nearest neighbour analysis _

Input Vector Layer

[ random_samples

Nearest neighbour statistics

Parameter Value
Observed mean distance 2690.47420422
Expected mean distance 2765.6230938
Nearest neighbour index 0.972827533967
N 100
2-Score -0.519828321726

Press Ctrl+C to copy results to the clipboard

Note: You can copy and paste the results into a spreadsheet. The data uses a (colon :) separator.
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7.4.5 0 Follow Along: Mean Coordinates

To get the mean coordinates of a dataset:
¢ Click on the Vector — Analysis Tools — Mean coordinate(s) menu item.

* In the dialog that appears, specify random_samples as the input layer, but leave the optional choices un-
changed.

* Specify the output layer as mean_coords. shp.
* Click OK.
¢ Add the layer to the Layers list when prompted.
Let’s compare this to the central coordinate of the polygon that was used to create the random sample.
* Click on the Vector — Geometry Tools — Polygon centroids menu item.
* In the dialog that appears, select roads_hull as the input layer.
¢ Save the result as center_point.
* Add it to the Layers list when prompted.

As you can see from the example below, the mean coordinates and the center of the study area (in orange) don’t
necessarily coincide:

66606 QGls.
DEBRBOROS AL AAPL /LS & @ VK& BE = % T BY
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Y Layers |
\ e
",
LA
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R»
@
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%
Vool
L4

There s a plugin update available Coordinate: 977103,6235674 Scale [1:174,204 |+ || ™ Render EPSG:32733

7.4.6 0 Follow Along: Image Histograms

The histogram of a dataset shows the distribution of its values. The simplest way to demonstrate this in QGIS is
via the image histogram, available in the Layer Properties dialog of any image layer.

* In your Layers list, right-click on the SRTM DEM layer.
e Select Properties.

* Choose the tab Histogram. You may need to click on the Compute Histogram button to generate the graphic.
You will see a graph describing the frequency of values in the image.
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* You can export it as an image:

000 Layer Properties - srtm_41 19 | Histogram

% General

% Style Raster Histogram

| Tran sparency

B Pyramids

/= Histogram

ri Metadata

Frequency
w
(=1
o
(=]
PR

2,000 4
1,000 =
- p iy
|II I"'l
/ I
e M AN
o JIL eedl L
: . : . . : . . . . : . . . . :
0 500 1,000 1,500
Pixel Value
B Band 1
Set min/max style for | Band 1 +| Minjo & Max004.11 < | @ Prefs/Actions . B
| Restore Default Style | | Save As Default | Load Style ... | Save Style ... |
| Help | | Apply | | cancel | | OK |

* Select the Metadata tab, you can see more detailed information inside the Properties box.

The mean value is 332 . 8, and the maximum value is 1699! But those values don’t show up on the histogram.
Why not? It’s because there are so few of them, compared to the abundance of pixels with values below the mean.
That’s also why the histogram extends so far to the right, even though there is no visible red line marking the
frequency of values higher than about 250.

Therefore, keep in mind that a histogram shows you the distribution of values, and not all values are necessarily
visible on the graph.

* (You may now close Layer Properties.)

7.4.7 ‘} Follow Along: Spatial Interpolation

Let’s say you have a collection of sample points from which you would like to extrapolate data. For example, you
might have access to the random_samples dataset we created earlier, and would like to have some idea of what
the terrain looks like.

To start, launch the Grid (Interpolation) tool by clicking on the Raster — Analysis — Grid (Interpolation) menu
item.

¢ In the Input file field, select random_samples.
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Check the Z Field box, and select the field srtm_41_109.

Set the Output file location to exercise_data/spatial_statistics/interpolation.tif.

Check the Algorithm box and select Inverse distance to a power.

¢ Set the Power to 5. 0 and the Smoothing to 2 . 0. Leave the other values as-is.

Check the Load into canvas when finished box and click OK.

* When it’s done, click OK on the dialog that says Process completed, click OK on the dialog showing
feedback information (if it has appeared), and click Close on the Grid (Interpolation) dialog.

Here’s a comparison of the original dataset (left) to the one constructed from our sample points (right). Yours may
look different due to the random nature of the location of the sample points.

As you can see, 100 sample points aren’t really enough to get a detailed impression of the terrain. It gives a very
general idea, but it can be misleading as well. For example, in the image above, it is not clear that there is a high,
unbroken mountain running from east to west; rather, the image seems to show a valley, with high peaks to the
west. Just using visual inspection, we can see that the sample dataset is not representative of the terrain.

748 W Try Yourself

* Use the processes shown above to create a new set of 1000 random points.
* Use these points to sample the original DEM.
» Use the Grid (Interpolation) tool on this new dataset as above.

 Set the output filename to interpolation_1000.tif, with Power and Smoothing setto 5.0 and 2. 0,
respectively.

The results (depending on the positioning of your random points) will look more or less like this:
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The border shows the roads_hull layer (which represents the boundary of the random sample points) to explain
the sudden lack of detail beyond its edges. This is a much better representation of the terrain, due to the much
greater density of sample points.

Here is an example of what it looks like with 10 000 sample points:

Note: It’s not recommended that you try doing this with 10 000 sample points if you are not working on a fast
computer, as the size of the sample dataset requires a lot of processing time.
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7.4.9 6 Follow Along: Additional Spatial Analysis Tools

Originally a separate project and then accessible as a plugin, the SEXTANTE software has been added to QGIS
as a core function from version 2.0. You can find it as a new QGIS menu with its new name Processing from
where you can access a rich toolbox of spatial analysis tools allows you to access various plugin tools from within
a single interface.

* Activate this set of tools by enabling the Processing — Toolbox menu entry. The toolbox looks like this:

SEXTANTE Toolbox E5]
» Recently used algorithms

> & GDAL [11 geoalgorithms]

b w GRASS commands [151 geoalgorithms]

b Generic algorithm provider [1 geoalgorithms]

» /7 LASTools (Tools For LIDAR data) [2 geoalgorithms]
b MMQGIS (Vector and table tools) [7 geoalgorithms]
» &% Modeler [0 geoalgorithms]

> @9 Orfeo Toolbox (Image analysis) [54 geoalgorithms]
» @@ Rscripts [8 geoalgorithms]

» & SAGA [277 geoalgorithms]

» ¥ SEXTANTE geoalgorithms [4 geoalgorithms]

» [B Scripts [0 geoalgorithms]

> ofm FTools (Vector analysis) [28 geoalgorithms]

You will probably see it docked in QGIS to the right of the map. Note that the tools listed here are links to the
actual tools. Some of them are SEXTANTE’s own algorithms and others are links to tools that are accessed from
external applications such as GRASS, SAGA or the Orfeo Toolbox. This external applications are installed with
QGIS so you are already able to make use of them. In case you need to change the configuration of the Processing
tools or, for example, you need to update to a new version of one of the external applications, you can access its
setting from Processing — Options and configurations.

7.4.10 - Follow Along: Spatial Point Pattern Analysis
For a simple indication of the spatial distribution of points in the random_samples dataset, we can make use of
SAGA’s Spatial Point Pattern Analysis tool via the Processing Toolbox you just opened.

* In the Processing Toolbox, search for this tool Spatial Point Pattern Analysis.

* Double-click on it to open its dialog.
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Installing SAGA

Note: If SAGA is not installed on your system, the plugin’s dialog will inform you that the dependency is missing.
If this is not the case, you can skip these steps.

On Windows

Included in your course materials you will find the SAGA installer for Windows.

* Start the program and follow its instructions to install SAGA on your Windows system. Take note of the
path you are installing it under!

Once you have installed SAGA, you’ll need to configure SEXTANTE to find the path it was installed under.
* Click on the menu entry Analysis — SAGA options and configuration.
* In the dialog that appears, expand the SAGA item and look for SAGA folder. Its value will be blank.

* In this space, insert the path where you installed SAGA.

On Ubuntu

» Search for SAGA GIS in the Software Center, or enter the phrase sudo apt-get install saga-gis
in your terminal. (You may first need to add a SAGA repository to your sources.)

* QGIS will find SAGA automatically, although you may need to restart QGIS if it doesn’t work straight
away.

On Mac

Homebrew users can install SAGA with this command:
* brew install saga-core
If you do not use Homebrew, please follow the instructions here:

http://sourceforge.net/apps/trac/saga-gis/wiki/Compiling%20S AGA %200n%20Mac%200S %20X

After installing

Now that you have installed and configured SAGA, its functions will become accessible to you.

Using SAGA

* Open the SAGA dialog.
* SAGA produces three outputs, and so will require three output paths.

¢ Save these three outputs under exercise_data/spatial_statistics/, using whatever file names
you find appropriate.
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& Spatial Point Pattern Analysis

Paoinks
random_samples

Yerkex Distance [Degree]
o

Mean Centre
=nksfexercise_data/spatial_statistics/sppa_mean_center.shp
Skandard Distance
wcurnentsexercise_data)spatial_statisticsfsppa_std_dist,shp
Bounding Bo

Documents/exercise_data)spatial_statistics/sppa_bbox, shp

Cancel

The output will look like this (the symbology was changed for this example):
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The red dot is the mean center; the large circle is the standard distance, which gives an indication of how closely
the points are distributed around the mean center; and the rectangle is the bounding box, describing the smallest
possible rectangle which will still enclose all the points.

-
7.4.11 v Follow Along: Minimum Distance Analysis
Often, the output of an algorithm will not be a shapefile, but rather a table summarizing the statistical properties
of a dataset. One of these is the Minimum Distance Analysis tool.

* Find this tool in the Processing Toolbox as Minimum Distance Analysis.
It does not require any other input besides specifying the vector point dataset to be analyzed.

* Choose the random_points dataset.

¢ Click OK. On completion, a DBF table will appear in the Layers list.

* Select it, then open its attribute table. Although the figures may vary, your results will be in this format:
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MAME

WALLIE

Mean Average
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Standard Deviation

Duplicates
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7.4.12 In Conclusion

QGIS allows many possibilities for analyzing the spatial statistical properties of datasets.

7.4.13 What’s Next?

2023,458175348
424,05860061
97 73.35250512
1662, 406511353
1]

Now that we’ve covered vector analysis, why not see what can be done with rasters? That’s what we’ll do in the

next module!
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CHAPTER 8

Module: Rasters

We’ve used rasters for digitizing before, but raster data can also be used directly. In this module, you’ll see how
it’s done in QGIS.

8.1 Lesson: Working with Raster Data

Raster data is quite different from vector data. Vector data has discrete features constructed out of vertices, and
perhaps connected with lines and/or areas. Raster data, however, is like any image. Although it may portray vari-
ous properties of objects in the real world, these objects don’t exist as separate objects; rather, they are represented
using pixels of various different color values.

During this module you’re going to use raster data to supplement your existing GIS analysis.

The goal for this lesson: To learn how to work with raster data in the QGIS environment.

8.1.1 V Follow Along: Loading Raster Data

* Open your analysis.qggs map (which you should have created and saved during the previous module).
» Deactivate all the layers except the solution and important_roads layers.

¢ Click on the Load Raster Layer button:
-
The Load Raster Layer dialog will open. The data for this project is in exercise_data/raster.

* Either load them all in separately, or hold down ctr1 and click on all four of them in turn, then open them
at the same time.

The first thing you’ll notice is that nothing seems to be happening in your map. Are the rasters not loading? Well,
there they are in the Layers list, so obviously they did load. The problem is that they’re not in the same projection.
Luckily, we’ve already seen what to do in this situation.

* Select Project —> Project Properties in the menu:

¢ Select CRS tab in the menu:

* Enable “on the fly” reprojection.

* Set it to the same projection as the rest of your data (WGS 84 / UTM zone 338S).
* Click OK.

The rasters should fit nicely:
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There we have it - four aerial photographs covering our whole study area.

8.1.2 ﬂ Follow Along: Create a Virtual Raster

Now as you can see from this, your solution layer lies across all four photographs. What this means is that you’re
going to have to work with four rasters all the time. That’s not ideal; it would be better to have one file for one
(composite) image, right?

Luckily, QGIS allows you to do exactly this, and without needing to actually create a new raster file, which could
take up a lot of space. Instead, you can create a Virtual Raster. This is also often called a Catalog, which explains
its function. It’s not really a new raster. Rather, it’s a way to organize your existing rasters into one catalog: one
file for easy access.

To make a catalog:
¢ Click on the menu item Raster — Miscellaneous — Build Virtual Raster (Catalog).
* In the dialog that appears, check the box next to Use visible raster layers for input.
* Enter exercise_data/residential_development as the output location.
e Enter aerial_photos.vrt as the file name.

¢ Check the Load into canvas when finished button.
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Notice the text field below. What this dialog is actually doing is that it’s writing that text for you. It’s a long
command that QGIS is going to run.

Note: ‘ Keep in mind that the command text is editable, so you can customize the command further if
preferred. Search online for the initial command (in this case, gdalbuildvrt) for help on the syntax.

¢ Click OK to run the command.

L8.0.6 Build Virtual Raster {Catalog)

[V Use visible raster layers for input
Choose input directory instead of files

Input files Select...

Output file aerial_photos.vrt| | Select...

|| Resolution Average

| | Source No Data 0
| | Separate

| | Allow projection difference

(v Load into canvas when finished
?dalbuildwt

/QGIS-
Documentation/source/docs/training_manual/exercis
e_data/residential_development/aerial_photos.vrt

| Help | | Close | m

It may take a while to complete. When it’s done, it will tell you so with a message box.
* Click OK to chase the message away.

* Click Close on the Build Virtual Raster (Catalog) dialog. (Don’t click OK again, otherwise it’s going to
start running that command again.)
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* You can now remove the original four rasters from the Layers list.

* If necessary, click and drag the new aerial_photos raster catalog layer to the bottom of the Layers list so
that the other activated layers become visible.

8.1.3 v Transforming Raster Data

The above methods allow you to virtually merge datasets using a catalog, and to reproject them “on the fly”.
However, if you are setting up data that you’ll be using for quite a while, it may be more efficient to create new
rasters that are already merged and reprojected. This improves performance while using the rasters in a map, but
it may take some time to set up initially.

Reprojecting rasters

¢ Click on the menu item Raster — Projections — Warp (Reproject).

Note that this tool features a handy batch option for reprojecting the contents of whole directories. You can also
reproject virtual rasters (catalogs), as well as enabling a multithreaded processing mode.
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0.0.6 Warp (Reproject}

[ | Batch mode (for processing whole directory)

Input file |

Output file |

(¥ Source SRS 'ESPG:7030

|| Target SRS

| | Resampling method

[ | No data values

[ | Mask layer

[ | Memory used for caching 20MB
|| Resize

Width 3000 Height 3000

[ | Use multithreaded warping implementation

[+ Load into canvas when finished

alwarp -s_srs ESPG 7030
exercise_datalresidential_development/aerial_photos.vrt

[ Close ] “

Merging rasters

* Click on the menu item Raster — Miscellaneous — Merge.

You can choose to process entire directories instead of single files, giving you a very useful built-in batch process-
ing capability. You can specify a virtual raster as input file, too, and all of the rasters that it consists of will be
processed.

You can also add your own command line options using the Creation Options checkbox and list. This only applies
if you have knowledge of the GDAL library’s operation.
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|| Choose input directory instead of files

Input files | Select...

Output file | Select...

| No data value 0

|| Layer stack
|| Use intersected extent
|| Grab pseudocolor table from the first image

| | Creation Options
Profile | Default

MName

[V Load into canvas when finished

gdal_merge.py
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8.1.4 In Conclusion

QGIS makes it easy to include raster data into your existing projects.

8.1.5 What’s Next?

Next, we’ll use raster data that isn’t aerial imagery, and see how symbolization is useful in the case of rasters as
well.

8.2 Lesson: Changing Raster Symbology

Not all raster data consists of aerial photographs. There are many other forms of raster data, and in many of those
cases, it’s essential to symbolize the data properly so that it becomes properly visible and useful.

The goal for this lesson: To change the symbology for a raster layer.

8.2.1 i Try Yourself

* Start with the current map which you should have created during the previous exercise: analysis.ggs.
» Use the Add Raster Layer button to load the new raster dataset.

* Load the dataset srtm_41_19.t1if, found under the directory exercise_data/raster/SRTM/.

* Once it appears in the Layers list, rename it to DEM.

e Zoom to the extent of this layer by right-clicking on it in the Layer List and selecting Zoom to Layer Extent.

This dataset is a Digital Elevation Model (DEM). It’s a map of the elevation (altitude) of the terrain, allowing us
to see where the mountains and valleys are, for example.

Once it’s loaded, you’ll notice that it’s a basic stretched grayscale representation of the DEM. It’s seen here with
the vector layers on top:
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QGIS has automatically applied a stretch to the image for visualization purposes, and we will learn more about
how this works as we continue.

8.2.2 O! Follow Along: Changing Raster Layer Symbology

* Open the Layer Properties dialog for the SRTM layer by right-clicking on the layer in the Layer tree and
selecting Properties option.

» Switch to the Style tab.
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Layer Properties — srtm_41 19 | Style

8.0.6

Ceneral ¥ Band rendering

Render type | Singleband gray

| Transparency

Gray band | Band 1 (Gray) ¢'| Load min/max values
BB Pyramids . r . ™ Cumulative N
Color gradient | Black to white i@ e p— @ - %
-] Histogram Min 0
| | () Min / max
@) Metadata Max [1004.11 | Mean +/ 9
_ 1O S [1.00 |
Contrast [ Stretch to MinMax 5 standard deviation x
enhancement
Extent Accuracy
(*) Full () Estimate (faster)
() Current () Actual (slower)

¥ Color rendering

| Load |

Blending mode | Normal

Brightness

Saturation

Hue || Colorize

¥ Resampling

—C—— ()

—C 0 |

Contrast = j———— DLSJ

Grayscale | Off ]

Strength .

Zoomed: in | Nearest neiahbour

+| out [ Nearest neiahbour  *| Oversamolina [2.00 |[]

| Restore Default Style

Save As Default

Load Style ... | |

Save Style ... |

| Help | | Apply |

[ Cancel |

These are the current settings that QGIS applied for us by default. Its just one way to look at a DEM, so lets

explore some others.

* Change the Render type to Singleband pseudocolor, and use the default options presented.

* Click the Classify button to generate a new color classification, and click OK to apply this classification to

the DEM.
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Layer Properties — srtm_41 19 | Style

¥ Band rendering

Render type I Singleband pseudocolor

| Transparency

Band | Band 1 (Gray)
Color interpolation | Linear =

[®][=][=][=][=] [

BB Pyramids

I Histogram

(l Metadata Value Color | Label
o.000000 | 0.000000
251.027... 251.027500
502.055... 502.055000
753.082 753.082500

1004.11... [ 1004.110000

[ clip

Generate new color map

[ | 1 Spectral :] [l Invert

Mode | Continuous 4| Classes 5 -
Min [0 | Max [1004.11 |
[ Classify ]

Min / max origin:

Estimated cumulative cut of full extent.

Load min/max values

@Cumulative @ - @ %

count cut
() Min / max
O ::::z;g_deviation S @
' Extent ' Accuracy
(¢) Full ‘ (s) Estimate (faster)
() Current () Actual (slower)

Load

| Restore Default Style | |

Save As Default ||

Load Style ... | | Save Style ... |

| Help | | Apply |

You’ll see the raster looking like this:

[Caneel | (00
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This is an interesting way of looking at the DEM, but maybe we don’t want to symbolize it using these colors.

e Open Layer Properties dialog again.
» Switch the Render Type back to Singleband gray.
* Click OK to apply this setting to the raster.

You will now see a totally gray rectangle that isn’t very useful at all.
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This is because we have lost the default settings which “stretch” the color values to show them contrast.

Let’s tell QGIS to again “stretch” the color values based on the range of data in the DEM. This will make QGIS
use all of the available colors (in Grayscale, this is black, white and all shades of gray in between).

 Specify the Min and Max values as shown below.

¢ Set the value Contrast enhancement to Stretch To MinMax:
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8.0.6

Layer Properties — srtm_41 19 | Style

S

General ¥ Band rendering

Render type | Singleband gray

| Transparency

Gray band | Band 1 (Gray) ¢'| Load min/max values
BB Pyramids . r . ™ Cumulative _ N
Color gradient | Black to white @ e p— @ %
[E Histogram Min [-32768 | | -
() Min [ max
(i) Metadata Max [32767 | e 1/ e
~ Mean +/-
O "
Contrast [Stretch to MinMax ¢] standard deviation x
enhancement
Extent Accuracy
(*) Full () Estimate (faster)
() Current () Actual (slower)

¥ Color rendering

| Load |

Blending mode | Normal

Brightness

Saturation

Hue || Colorize

¥ Resampling

—C—[0 |

—C 0 |

Contrast = j———— DLSJ
Grayscale | off ¢|

Strength .

Zoomed: in | Nearest neiahbour

+| out [ Nearest neiahbour  *| Oversamolina [2.00 |[]

| Restore Default Style

Save As Default

|| Load Style ... | |

Save Style ... |

| Help | | Apply |

[Cancel | (00

But what are the minimum and maximum values that should be used for the stretch? The ones that are currently
under Min and Max values are the same values that just gave us a gray rectangle before. Instead, we should be
using the minimum and maximum values that are actually in the image, right? Fortunately, you can determine
those values easily by loading the minimum and maximum values of the raster.

* Under Load min / max values, select Min / Max option.

¢ Click the Load button:

Notice how the Custom min / max values have changed to reflect the actual values in our DEM:
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Layer Properties — srtm_41 19 | Style

¥ Band rendering

Render type | Singleband gray :]
| Transparency ; -
— Gray band [ Band 1 (Gray) :] Load min/max values
BB Pyramids . r . ™ Cumulative N
Color gradient | Black to white 3 1O e p— @ - %
-] Histogram Min 0
| | (+) Min / max
€ Metadata Max [1699 | Mean +/ @
_ O S [1.00 ]
Contrast [ Stretch to MinMax O standard deviation x
enhancement
Extent Accuracy
(*) Full () Estimate (faster)
() Current () Actual (slower)

Load

¥ Color rendering
Blending mode | Normal &)
Brightness ‘-—C)—> EI@ Contrast ‘-—C)—> D@
Saturation ‘-_C)_l EI @ Grayscale loff 4

Hue || Colorize Strength o 100%

¥ Resampling

Zoomed: in | Nearest neiahbour  * | out | Nearest neiahbour | Oversamolina 12.00 |[%|

| Restore Default Style | | Save As Default || Load Style ... | | Save Style ... |

(s ) [ Avoy | (Caneel | (00

¢ Click OK to apply these settings to the image.

You’ll now see that the values of the raster are again properly displayed, with the darker colors representing valleys
and the lighter ones, mountains:
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But isn’t there a better or easier way?

Yes, there is. Now that you understand what needs to be done, you’ll be glad to know that there’s a tool for doing
all of this easily.

¢ Remove the current DEM from the Layers list.
* Load the raster in again, renaming it to DEM as before. It’s a gray rectangle again...

* Enable the tool you’ll need by enabling View — Toolbars — Raster. These icons will appear in the interface:

I fie L fe n o @ &

The third button from the left Local Histogram Stretch will automatically stretch the minimum and maximum
values to give you the best contrast in the local area that you’re zoomed into. It’s useful for large datasets. The
button on the left Local Cumulative Cut Stretch ... will stretch the minimum and maximum values to constant
values across the whole image.

¢ Click the fourth button from the left (Stretch Histogram to Full Dataset). You’ll see the data is now correctly
represented as before.

You can try the other buttons in this toolbar and see how they alter the stretch of the image when zoomed in to
local areas or when fully zoomed out.
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8.2.3 In Conclusion

These are only the basic functions to get you started with raster symbology. QGIS also allows you many other
options, such as symbolizing a layer using standard deviations, or representing different bands with different colors
in a multispectral image.

8.2.4 Reference

The SRTM dataset was obtained from http://srtm.csi.cgiar.org/

8.2.5 What’s Next?

Now that we can see our data displayed properly, let’s investigate how we can analyze it further.

8.3

Lesson: Terrain Analysis

Certain types of rasters allow you to gain more insight into the terrain that they represent. Digital Elevation Models
(DEMs) are particularly useful in this regard. In this lesson you will use terrain analysis tools to find out more
about the study area for the proposed residential development from earlier.

The goal for this lesson: To use terrain analysis tools to derive more information about the terrain.

8.3.1 v Follow Along: Calculating a Hillshade

The DEM you have on your map right now does show you the elevation of the terrain, but it can sometimes seem
a little abstract. It contains all the 3D information about the terrain that you need, but it doesn’t look like a 3D
object. To get a better look at the terrain, it is possible to calculate a hillshade, which is a raster that maps the
terrain using light and shadow to create a 3D-looking image.

To work with DEMs, you should use QGIS’ all-in-one DEM (Terrain models) analysis tool.

Click on the menu item Raster — Analysis — DEM (Terrain models).

In the dialog that appears, ensure that the Input file is the DEM layer.

Set the Output filetohillshade.tif inthe directory exercise_data/residential_development.
Also make sure that the Mode option has Hillshade selected.

Check the box next to Load into canvas when finished.

You may leave all the other options unchanged.

Click OK to generate the hillshade.

When it tells you that processing is completed, click OK on the message to get rid of it.

Click Close on the main DEM (Terrain models) dialog.

You will now have a new layer called hillshade that looks like this:
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That looks nice and 3D, but can we improve on this? On its own, the hillshade looks like a plaster cast. Can’t
we use it together with our other, more colorful rasters somehow? Of course we can, by using the hillshade as an
overlay.

8.3.2 ‘ Follow Along: Using a Hillshade as an Overlay

A hillshade can provide very useful information about the sunlight at a given time of day. But it can also be
used for aesthetic purposes, to make the map look better. The key to this is setting the hillshade to being mostly
transparent.

* Change the symbology of the original DEM to use the Pseudocolor scheme as in the previous exercise.
» Hide all the layers except the DEM and hillshade layers.

* Click and drag the DEM to be beneath the hillshade layer in the Layers list.

* Set the hillshade layer to be transparent by opening its Layer Properties and go to the Transparency tab.
* Set the Global transparency to 50%:

* Click OK on the Layer Properties dialog. You’ll get a result like this:
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» Switch the hillshade layer off and back on in the Layers list to see the difference it makes.

Using a hillshade in this way, it’s possible to enhance the topography of the landscape. If the effect doesn’t seem
strong enough to you, you can change the transparency of the hillshade layer; but of course, the brighter the
hillshade becomes, the dimmer the colors behind it will be. You will need to find a balance that works for you.

Remember to save your map when you are done.

Note:  For the next two exercises, please use a new map. Load only the DEM raster dataset into it
(exercise_data/raster/SRTM/srtm_41_19.tif). This is to simplify matters while you’re working

with the raster analysis tools. Save the map as exercise_data/raster_analysis.ggs.

8.3.3 0 Follow Along: Calculating the Slope
Another useful thing to know about the terrain is how steep it is. If, for example, you want to build houses on the
land there, then you need land that is relatively flat.
To do this, you need to use the Slope mode of the DEM (Terrain models) tool.
* Open the tool as before.

* Select the Mode option Slope:
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Elevation layer DEM -
Output layer klopmentﬁslope.tiﬂ]
Output format GeoTIFF =
Z factor 1.0

[ Add result to project

Cancel | [ OK

 Set the save location to exercise_data/residential_development/slope.tif
* Enable the Load into canvas... checkbox.

* Click OK and close the dialogs when processing is complete, and click Close to close the dialog. You’ll see
a new raster loaded into your map.

* With the new raster selected in the Layers list, click the Stretch Histogram to Full Dataset button. Now
you’ll see the slope of the terrain, with black pixels being flat terrain and white pixels, steep terrain:

8.3.4 Try Yourself calculating the aspect
The aspect of terrain refers to the direction it’s facing in. Since this study is taking place in the Southern Hemi-
sphere, properties should ideally be built on a north-facing slope so that they can remain in the sunlight.

* Use the Aspect mode of the DEM (Terain models) tool to calculate the aspect of the terrain.

Check your results
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8.3.5 vj Follow Along: Using the Raster Calculator

Think back to the estate agent problem, which we last addressed in the Vector Analysis lesson. Let’s imagine
that the buyers now wish to purchase a building and build a smaller cottage on the property. In the Southern
Hemisphere, we know that an ideal plot for development needs to have areas on it that are north-facing, and with
a slope of less than five degrees. But if the slope is less than 2 degrees, then the aspect doesn’t matter.

Fortunately, you already have rasters showing you the slope as well as the aspect, but you have no way of knowing
where both conditions are satisfied at once. How could this analysis be done?

The answer lies with the Raster calculator.
¢ Click on Raster > Raster calculator... to start this tool.

» To make use of the aspect dataset, double-click on the item aspect@ 1 in the Raster bands list on the left. It
will appear in the Raster calculator expression text field below.

North is at 0 (zero) degrees, so for the terrain to face north, its aspect needs to be greater than 270 degrees and less
than 90 degrees.

¢ In the Raster calculator expression field, enter this expression:

aspect@l <= 90 OR aspectQRl >= 270
* Setthe outputfileto aspect_north.tif inthedirectory exercise_data/residential_development/.
* Ensure that the box Add result to project is checked.

¢ Click OK to begin processing.

0080 Raster calculator
Raster bands Result layer
"aspect@1" Output layer Ircise_datafreside ntial_developmentfaspect_north | |Z|
"aspect_north@1"
':ggﬁg:nl | Current layer extent |
X min 969491.27540 (2] XMax 1038119.77313 ()
¥ min |6196103.34085 ||:f]] Y max 6250206.99556 |||
Columns 837 [*] Rows 661 (4]
Output format | GeoTIFF ol
(W] Add result to project
Operators
L+ Jr ° | | sat || sn || f || aces || { |
[ - L4+ J| cos J[ @in || tan || oatan || ) |
[ = JL = JL = JlL = J| = |J[ AD || OR |
Raster calculator expression
aspect@1 <= 90 OR aspect@1 =270
Expression valid [ Cancel | [ OK |
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Your result will be this:

8.3.6 Try Yourself

Now that you’ve done the aspect, create two separate new analyses of the DEM layer.
* The first will be to identify all areas where the slope is less than or equal to 2 degrees.
* The second is similar, but the slope should be less than or equal to 5 degrees.

e Save them under exercise_data/residential_development/ as slope_lte2.tif and
slope_lteb5.tif.

Check your results

8.3.7 Follow Along: Combining Raster Analysis Results

Now you have three new analysis rasters of the DEM layer:
* aspect_north: the terrain faces north
* slope_lte2: the slope is at or below 2 degrees
* slope_lte5: the slope is at or below 5 degrees

Where the conditions of these layers are met, they are equal to 1. Elsewhere, they are equal to 0. Therefore, if
you multiply one of these rasters by another one, you will get the areas where both of them are equal to 1.
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The conditions to be met are: at or below 5 degrees of slope, the terrain must face north; but at or below 2 degrees
of slope, the direction that the terrain faces in does not matter.

Therefore, you need to find areas where the slope is at or below 5 degrees AND the terrain is facing north; OR the
slope is at or below 2 degrees. Such terrain would be suitable for development.

To calculate the areas that satisfy these criteria:
* Open your Raster calculator again.

» Use the Raster bands list, the Operators buttons, and your keyboard to build this expression in the Raster
calculator expression text area:

( aspect_north@l = 1 AND slope_lteb5@1 = 1 ) OR slope_lte2@l1 =1

e Save the output under exercise_data/residential_development/ as
all _conditions.tif.

¢ Click OK on the Raster calculator. Your results:

8.3.8 Follow Along: Simplifying the Raster

As you can see from the image above, the combined analysis has left us with many, very small areas where the
conditions are met. But these aren’t really useful for our analysis, since they’re too small to build anything on.
Let’s get rid of all these tiny unusable areas.

* Open the Sieve tool (Raster — Analysis — Sieve).

¢ Set the Input file to all_conditions, and the Qutput file to all_conditions_sieve.tif (under
exercise_data/residential_development/).

¢ Set both the Threshold and Pixel connections values to 8, then run the tool.
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Input file all_conditions 'r] [ Select...

l

Output file nent/conditions_seive [ Select...

l

(v Threshald 8

g

[V Pixel connections [-5

&
L

[V Load into canvas when finished

gdal_sieve.py -st 8 -8 -of GTiff all_conditions
) - QAGIS-
Documentation/source/docsitraining_manual/exercise_da
ta/residential_development/conditions_seive

Close ] H

Once processing is done, the new layer will load into the canvas. But when you try to use the histogram stretch

tool to view the data, this happens:
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____ﬁ

What’s going on? The answer lies in the new raster file’s metadata.

* View the metadata under the Metadata tab of the Layer Properties dialog. Look in the Properties section at
the bottom.
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006 Layer Properties - all_conditions_seive
Metadata
R General
w Description
&y Swie
Title |
E‘ Transparency
[ —1
@ Pyramids Abstract
Histogram Ke 1 list | ‘
€)) Metadata | Format | :]
w Attribution
Title | |
ud | |
w Metadatalr
ud |
Type { ;] Format { 2]
w Properties
Band 1
STATISTICS_MINIMUM=-2147483648
STATISTICS_MAXIMUM=1
STATISTICS_MEAN=-268924962.63441
STATISTICS_STDDEV=710768123.11607
[ Restore Default Style ] | Save As Default | Load Style ... | [ Save Style ... |
([Hel ) [ Anely ] ([Cencel | (NN

Whereas this raster, like the one it’s derived from, should only feature the values 1 and O, it has the
STATISTICS_MINIMUM value of a very large negative number. Investigation of the data shows that this number
acts as a null value. Since we’re only after areas that weren’t filtered out, let’s set these null values to zero.

* Open the Raster Calculator again, and build this expression:
(all_conditions_sieve@l <= 0) = 0

This will maintain all existing zero values, while also setting the negative numbers to zero; which will leave
all the areas with value 1 intact.

e Save the output under exercise_data/residential_development/ as
all_conditions_simple.tif.

Your output looks like this:
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This is what was expected: a simplified version of the earlier results. Remember that if the results you get from
a tool aren’t what you expected, viewing the metadata (and vector attributes, if applicable) can prove essential to
solving the problem.

8.3.9 In Conclusion

You’ve seen how to derive all kinds of analysis products from a DEM. These include hillshade, slope and aspect
calculations. You’ve also seen how to use the raster calculator to further analyze and combine these results.

8.3.10 What’s Next?

Now you have two analyses: the vector analysis which shows you the potentially suitable plots, and the raster
analysis that shows you the potentially suitable terrain. How can these be combined to arrive at a final result for
this problem? That’s the topic for the next lesson, starting in the next module.
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CHAPTER 9

Module: Completing the Analysis

You now have two halves of an analysis: a vector and a raster part. In this module, you’ll see how to combine
them. You will conclude the analysis and present the final results.

9.1 Lesson: Raster to Vector Conversion

Converting between raster and vector formats allows you to make use of both raster and vector data when solving
a GIS problem, as well as using the various analysis methods unique to these two forms of geographic data.
This increases the flexibility you have when considering data sources and processing methods for solving a GIS
problem.

To combine a raster and vector analysis, you need to convert the one type of data to the other. Let’s convert the
raster result of the previous lesson to a vector.

The goal for this lesson: To get the raster result into a vector that can be used to complete the analysis.

9.1.1 % Follow Along: The Raster to Vector Tool
Start with the map from the last module, raster_analysis.qggs. There you should have the
all_conditions_simple.tif calculated during the previous exercises.

* Click on Raster — Conversion — Polygonize (Raster to Vector). The tool dialog will appear.

* Set it up like this:
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8.0 .8 Polygonize (Raster to vector)

Input file (raster) lall_conditions_simple |~ | [ Select.. |

Qutput file for polygons (shapefile) lbo;’siresg‘qgisfall_terrain.shp| | Select... |

¥ Field name |5uitable |

[ ] Use mask srtm_41_19 > Select...

[E Load into canvas when finished

gdal_polygonize.py / 'ggis/all_conditions_simple.tif -f
"ESRI Shapefile” / fqgis/all_terrain.shp all_terrain suitable
| Help | | Close | [ OK |

* Change the field name (describing the values of the raster) to suitable.
¢ Save the shapefile under exercise_data/residential_development asall_terrain.shp.

Now you have a vector file which contains all the values of the raster, but the only areas you’re interested in are
those that are suitable; i.e., those polygons where the value of suitable is 1. You can change the style of this
layer if you want to have a clearer visualization of it.

9.1.2 e Try Yourself

Refer back to the module on vector analysis.
* Create a new vector file that contains only the polygons where suitable has the value of 1.

e Save the new file as exercise_data/residential_development/ as
suitable_terrain.shp.

Check your results

9.1.3 e Follow Along: The Vector to Raster Tool

Although unnecessary for our current problem, it’s useful to know about the opposite conversion from the one
performed above. Convert to raster the suitable_terrain. shp vector file you just created in previous step.

* Click on Raster — Conversion — Rasterize (Vector to Raster) to start this tool, then set it up as in the
screenshot below:
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86086 Rasterize (Vector to raster)
Input file {shapefile) 'suitable_terrain [»| | select.. |
Attribute field | suitable =
Qutput file for rasterized vectors (raster) fsites.r’qgisfraster_conversion | | Select... |
() Keep existing raster size and resolution
(®) Raster size in pixels
Width 837 5] Height |661| 2]
() Raster resolution in map units per pixel
Horizontal 1.00000000 . Vertical 1.00000000 .
[E Load into canvas when finished
gdal_rasterize -a suitable -ts 837 661 - suitable_terrain
Documentationfsourcefd_cncs.u'rraining_manualfexercise_data,l' raster/suitable_terrain
.shp fqgis/raster_conversion
| Help | | Close | [ OK |

* Input file is all_terrain;
* Qutput file... is exercise_data/residential_development/raster_conversion.tif;

» Width and Height are 837 and 661, respectively.

Note: The size of the output image is specified here to be the same as the original raster which was vectorized.
To view the dimensions of an image, open its metadata (Metadata tab in the Layer Properties).

* Click OK on the dialog to begin the conversion process.

e When it is complete, gauge its success by comparing the new raster with the original one. They should
match up exactly, pixel for pixel.

9.1.4 In Conclusion

Converting between raster and vector formats allows you to widen the applicability of data, and need not lead to
data degradation.

9.1.5 What’s Next?

Now that we have the results of the terrain analysis available in vector format, they can be used to solve the
problem of which buildings we should consider for the residential development.
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9.2

Lesson: Combining the Analyses

Using the vectorized results of the raster analysis will allow you to select only those buildings on suitable terrain.

The goal for this lesson: To use the vectorized terrain results to select suitable plots.

9.2.1 & Try Yourself

Save your current map (raster_analysis.qggs).

Open the map in which you created during the vector analysis earlier (you should have saved the file as
analysis.qgs).

In the Layers list, enable these layers:
— hillshade,
— solution (or buildings_over_100)

In addition to these layers, which should already be loaded in the map from when you worked on it before,
also add the suitable_terrain.shp dataset.

If you are missing some layers, you should find themin exercise_data/residential_development/

Use the Intersect tool (Vector -> Geoprocessing Tools) to create a new vector layer called
new_solution.shp which contains only those buildings which intersect the suitable_terrain
layer.

You should now have a layer showing certain buildings as your solution, for example:

]
3

o QGIS - analysis

b-

NP HDBINSES 50

EEEEERE EEE: Y

d
/B BB R e =0 %% 8w cn

Q

BTSN Browser |

448589,6235620 Scale (17,937 |+) %] @ Render £PSG:32734 (@) |

Note: If you find that the Intersect tool does not produce any results, check the CRS settings of each of your
layers. The CRS must be the same for both the layers you are comparing. You may need to reproject one layer by

saving the layer as a new shapefile with the required CRS. In our example, the suitable_terrain layer was
reprojected to WGS 84 / UTM 34S and named suitable_terrain_34S.
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9.2.2 % Try Yourself Inspecting the Results

Look at each of the buildings in your new_solution layer. Compare them with the suitable_terrain layer by
changing the symbology for the new_solution layer so that it has outlines only. What do you notice about some of
the buildings? Are they all suitable just because they intersect with the suitable_terrain layer? Why or why not?
Which ones would you deem to be unsuitable?

Check your results

9.2.3 ¥ Try Yourself Refining the Analysis
You can see from the results that some buildings which were included were not really suitable, so we can now
refine the analysis.

We want to ensure that our analysis returns only those buildings which fall entirely within the
suitable_terrain layer. How would you achieve this? Use one or more Vector Analysis tools and re-
member that our buildings are all over 100m squared in size.

Check your results

9.2.4 In Conclusion

You have now answered the original research question, and can offer an opinion (with reasons, backed by analysis)
for a recommendation regarding which property to develop.

9.2.5 What’s Next?

Next you will present these results as part of your second assignment.

9.3 Assignment

Using the Map Composer, make a new map representing the results of your analysis. Include these layers:
* places (with labels),
* hillshade,
e solution (or new_solution),
* roads and
e either aerial_photos or DEM.

Write a short explanatory text to accompany it. Include in this text the criteria that were used in considering a
house for purchase and subsequent development, as well as explaining your recommendations for which buildings
are suitable.

9.4 Lesson: Supplementary Exercise

In this lesson, you will be guided through a complete GIS analysis in QGIS.

Note: Lesson developed by Linfiniti and S Motala (Cape Peninsula University of Technology)
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9.4.1 Problem Statement

You are tasked with finding areas in and around the Cape Peninsula that are a suitable habitat for a rare fynbos
plant species. The extent of your area of investigation in the Cape Peninsula is: south of Melkbosstrand, west of
Strand. Botanists have provided you with the following preferences exhibited by the species in question:

* It grows on east facing slopes.

* It grows on slopes with a gradient between 15% and 60%.

* It grows in areas that have a total annual rainfall of > 1200 mm.

* It will only be found at least 250 m away from any human settlement.

* The area of vegetation in which it occurs should be at least 6000m?2 in area.

As a volunteer for Cape Nature, you have agreed to search for the plant on the closest suitable piece of land to
your house. Use your GIS skills to determine where you should go to look.

9.4.2 Solution Outline

In order to solve this problem, you will have to use the available data (available in
exercise_data/more_analysis) to find the candidate area that is closest to your house. If you
don’t live in Cape Town (where this problem is based) you can choose any house in the Cape Town region. The
solution will involve:

* analysing the DEM to find the east facing slopes and the slopes with the correct gradients;
* analysing the rainfall raster to find the areas with the correct amount of rainfall;

* analysing the Zoning vector layer to find areas that are away from human settlement and are of the correct
size.

9.4.3 Setting up the Map
* Click on the “CRS status” button in the extreme lower right corner of the screen. Under the CRS tab of the
screen that appears, you will see the box Coordinate reference systems of the world.
* In this box, navigate to Projected Coordinate Systems — Universal Transverse Mercator (UTM).
* Select the entry WGS 84 / UTM zone 33S (with the EPSG code 32733).
* Click OK. The map is now in the UTM33S coordinate reference system.

» Save the map by clicking on the Save Project As toolbar button, or use the File — Save Project As... menu
item.

 Save the map in a directory called Rasterprac that you should create somewhere on your computer. You
will save whatever layers you create in this directory as well.

9.4.4 Loading Data into the Map

In order to process the data, you will need to load the necessary layers (street names, zones, rainfall, DEM) into
the map canvas.

For vectors ...

* Click on the Add Vector Layer button, or use the Layer — Add Vector Layer... menu item.
* In the dialog that appears, ensure that the File radio button is selected.

¢ Click on the Browse button.
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* In the dialog that appears, open the exercise_data/more_analysis/streets directory.
 Select the file Street_Names_UTM33S.shp.
* Click Open.

The dialog closes and shows the original dialog, with the file path specified in the text field next to the Browse
button. This allows you to ensure that the correct file is selected. It is also possible to enter the file path in this
field manually, should you wish to do so.

* Click Open. The vector layer will load in your map. Its color is automatically assigned. It will be changed
later.

* Rename the layer to St reets.
* Right-click on it in the Layers list (by default, the pane along the left-hand side of the screen).
* Click Rename in the dialog that appears and rename it, pressing the Enter key when done.

* Repeat the vector adding process, but this time select the Generalised_Zoning_Dissolve_UTM33S.shp file
in the Zoning directory.

¢ Rename it to Zoning.

For rasters ...

* Click on the Add Raster Layer button, or use the Layer — Add Raster Layer... menu item.
» Navigate to the appropriate file, select it, and click Open.

* Do this for each of the two raster files. The files you want are DEM/reproject/DEM and Rain-
fall/reprojected/rainfall.tif.

* Rename the rainfall raster to Rainfall (with an initial capital). Initially when you load them, the images
will be gray rectangles. Don’t worry, this will be changed later.

» Save the map.

In order to properly see what’s going on, the symbology for the layers needs to be changed.

9.4.5 Changing the symbology of vector layers

¢ In the Layers list, right-click on the Streets layer.

* Select Properties from the menu that appears.

» Switch to the Style tab in the dialog that appears.

* Click on the button labeled Change, with a square showing the current color of the Streets layer.
* Select a new color in the dialog that appears.

* Click OK.

* Click OK again in the Layer Properties dialog. This will change the color of the Streets layer.

* Follow a similar process for the Zoning layer and choose an appropriate color for it.

9.4.6 Changing the symbology of raster layers

Raster layer symbology is somewhat different.
* Open the Properties dialog for the Rainfall raster.

» Switch to the Style tab. You’ll notice that this style dialog is very different from the version used for vector
layers.

¢ Ensure that the button Use standard deviation is selected.
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» Change the value in the associated box to 2 . 00 (it should be set to 0. 00 by default).

e Under the heading Contrast enhancement, change the value of the Current dropdown list to Stretch to
MinMax.

* Click OK. The “Rainfall” raster, if visible, should change colors, allowing you to see different brightness
values for each pixel.

* Repeat this process for the DEM, but set the standard deviations used for stretching to 4 . 00.

9.4.7 Changing the layer order

* In the Layers list, click and drag layers up and down to change the order they appear in on the map.

* Newer versions of QGIS may have a Control rendering order checkbox beneath the Layers list. Ensure that
it is checked.

Now that all the data is loaded and properly visible, the analysis can begin. It is best if the clipping operation is
done first. This is so that no processing power is wasted on computing values in areas that aren’t going to be used
anyway.

9.4.8 Find the Correct Districts

* Load the vector layer admin_boundaries/Western_Cape_UTM33S. shp into your map.
* Renameitto Districts.
* Right-click on the Districts layer in the Layers list.
¢ In the menu that appears, select the Query... menu item. The Query Builder dialog appears.
You will now build a query to select only the following list of districts:
e Bellville,
¢ Cape,
* Goodwood,
e Kuils River,
e Mitchells Plain,
e Simons Town, and
* Wynberg.
* In the Fields list, double-click on the NAME_2 field. It appears in the SOQL where clause text field below.
¢ Click the = button; an = sign is added to the SQL query.

* Click the All button below the (currently empty) Values list. After a short delay, this will populate the Values
list with the values of the selected field (NAME_2).

* Double-click the value Bellville in the Values list. As before, this will be added to the SQL query.
In order to select more than one district, you’ll need to use the OR boolean operator.

* Click the OR button and it will be added to the SQL query.

» Using a process similar to the above, add the following to the existing SQL query:

"NAME_2" = 'Cape’

* Add another OR operator, then work your way through the list of districts above in a similar fashion.

* The final query should be
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"NAME_2" = ’'Bellville’ OR "NAME_2" = ’Cape’ OR "NAME_2" = ’'Goodwood’ OR
"NAME_2" = ’'Kuils River’ OR "NAME_2" = ’'Mitchells Plain’ OR "NAME_2" =
"Simons Town’ OR "NAME_2" = ’'Wynberg’

Click OK. The districts shown in your map are now limited to those in the list above.

9.4.9 Clip the Rasters

Now that you have an area of interest, you can clip the rasters to this area.

Ensure that the only layers that are visible are the DEM, Rainfall and Districts layers.
Districts must be on top so that they are visible.

Open the clipping dialog by selecting the menu item Raster — Extraction — Clipper.
In the Input file (raster) dropdown list, select the DEM layer.

Specify an output location in the Output file text field by clicking the Select... button.
Navigate to your Rasterprac directory.

Enter a file name.

Save the file. Leave the No data value checkbox unchecked.

Use the Extent clipping mode by ensuring the correct radio button is selected.

Click and drag an area in the canvas, so that the area which includes the districts is selected.
Check the Load into canvas when finished box.

Click OK.

After the clipping operation is completed, DO NOT CLOSE the Clipper dialog. (Doing so would cause you
to lose the clipping area that you have already defined.)

Select the Rainfall raster in the Input file (raster) dropdown list and choose a different output file name.

Do not change any other options. Do not alter the existing clipping area which you drew previously. Leave
everything the same and click OK.

After the second clipping operation has completed, you may close the Clipper dialog.

Save the map.

9.4.10 Clean up the map

Remove the original Rainfall and DEM layers from the Layers list:
Right-click on these layers and select Remove.

— This will not remove the data from your storage device, it will merely take it out of your map.
Deactivate the labels on the Streets layer:

— Click the Labeling button.

— Uncheck the Label this layer with box.

— Click OK.
Show all the Streets again:

— Right-click on the layer in the Layers list.

— Select Query.
In the Query dialog that appears, click the Clear button, then click OK.
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* Wait while the data is loaded. All the streets will now be visible.
* Change the raster symbology as before (see Changing the symbology of raster layers).
 Save the map.

* You can now hide the vector layers by unchecking the box next to them in the Layers list. This will make
the map render faster and will save you some time.

In order to create the hillshade, you will need to use a plugin that was written for this purpose.

9.4.11 Activating the Raster Terrain Analysis plugin
This plugin is included by default in QGIS 1.8. However, it may not be immediately visible. To check if it is
accessible on your system:
¢ Click on the menu item Plugins —> Manage Plugins....
* Ensure that the box next to Raster Terrain Analysis plugin is selected.
* Click OK.
You will now have access to this plugin via the Raster — Terrain analysis menu item.

Remember that plugins may sometimes depend on certain Python modules being installed on your system. Should
a plugin refuse to work while complaining of missing dependencies, please ask your tutor or lecturer for assistance.

9.4.12 Create the hillshade

* In the Layers list, ensure that the DEM is the active layer (i.e., it is highlighted by having been clicked on).
¢ Click on the Raster — Terrain analysis — Hillshade menu item to open the Hillshade dialog.
» Specify an appropriate location for the output layer and call it hillshade.
¢ Check the Add result to project box.
* Click OK.
* Wait for it to finish processing.
The new hillshade layer has appeared in your Layers list.
 Right-click on the hillshade layer in your Layers list and bring up the Properties dialog.
* Click on the Transparency tab and set the transparency slider to 80%.
* Click OK on the dialog.

* Note the effect when the transparent hillshade is superimposed over the clipped DEM.

9.4.13 Slope

* Click on the menu item Raster — Terrain analysis.

* Select the Slope analysis type, with the clipped DEM as the input layer.
 Specify an appropriate file name and location for output purposes.

e Check the Add result to project box.

* Click OK.

The slope image has been calculated and added to the map. However, as usual it is just a gray rectangle. To
properly see what’s going on, change the symbology as follows.

* Open the layer Properties dialog (as usual, via the right-click menu of the layer).
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¢ Click on the Style tab.
* Where it says Grayscale (in the Color map dropdown menu), change it to Pseudocolor.

¢ Ensure that the Use standard deviation radio button is selected.

9.4.14 Aspect

 Use the same approach as for calculating the slope, but select Aspect in the initial dialog box.

Remember to save the map periodically.

9.4.15 Reclassifying rasters

* Click the menu item Raster — Raster calculator.
¢ Specify your Rasterprac directory as the location for the output layer.
* Ensure that the Add result to project box is selected.

In the Raster bands list on the left, you will see all the raster layers in your Layers list. If your Slope layer is called
slope, it will be listed as slope@ .

The slope needs to be between 15 and 60 degrees. Everything less than 15 or greater than 60 must therefore be
excluded.

* Using the list items and buttons in the interface, build the following expression:

((slope@l < 15) OR (slope@l > 60)) =0

 Set the Output layer field to an appropriate location and file name.
* Click OK.

Now find the correct aspect (east-facing: between 45 and 135 degrees) using the same approach.
* Build the following expression:

((aspect@l < 45) OR (aspect@l > 135)) = 0

* Find the correct rainfall (greater than 1200mm) the same way. Build the following expression:

(rainfall@Rl < 1200) = 0

Having reclassified all the rasters, you will now see them displayed as gray rectangles in your map (assuming
that they have been added to the map correctly). To properly display raster data with only two classes (1 and 0,
meaning true or false), you will need to change their symbology.

9.4.16 Setting the style for the reclassified layers

* Open the Style tab in the layer’s Properties dialog as usual.
* Under the heading Load min / max values from band, select the Actual (slower) radio button.
* Click the Load button.

The Custom min / max values fields should now populate with 0 and 1, respectively. (If they do not, then there
was a mistake with your reclassification of the data, and you will need to go over that part again.)

* Under the heading Contrast enhancement, set the Current dropdown list to Stretch To MinMax.
* Click OK.

¢ Do this for all three reclassified rasters, and remember to save your work!
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The only criterion that remains is that the area must be 250m away from urban areas. We will satisfy this require-
ment by ensuring that the areas we compute are 250m or more from the edge of a rural area. Hence, we need to
find all rural areas first.

9.4.17 Finding rural areas

Hide all layers in the Layers list.

Unhide the Zoning vector layer.

Right-click on it and bring up the Query dialog.
Build the following query:

"Gen_Zoning" = ’'Rural’

See the earlier instructions for building the Streets query if you get stuck.

When you’re done, close the Query dialog.

You should see a collection of polygons from the Zoning layer. You will need to save these to a new layer file.

On the right-click menu for Zoning, select Save as....

Save your layer under the Zoning directory.

Name the output file rural . shp.

Click OK.

Add the layer to your map.

Click the menu item Vector — Geoprocessing Tools — Dissolve.

Select the rural layer as your input vector layer, while leaving the Use only selected features box unchecked.
Under Dissolve field, select — Dissolve all —.

Save your layer under the Zoning directory.

Click OK. A dialog will appear asking whether you want to add the new layer to the TOC (“Table of
Contents”, referring to the Layers list).

Click Yes.
Close the Dissolve dialog.
Remove the rural and Zoning layers.

Save the map.

Now you need to exclude the areas that are within 250m from the edge of the rural areas. Do this by creating a
negative buffer, as explained below.

9.4.18 Creating a negative buffer

Click the menu item Vector — Geoprocessing Tools — Buffer(s).

In the dialog that appears, select the rural_dissolve layer as your input vector layer (Use only selected
features should not be checked).

Select the Buffer distance button and enter the value —250 into the associated field; the negative value
means that the buffer must be an internal buffer.

Check the Dissolve buffer results box.
Set the output file to the same directory as the other rural vector files.

Name the output file rural_buffer.shp.
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Click Save.

Click OK and wait for the processing to complete.
Select Yes on the dialog that appears.

Close the Buffer dialog.

Remove the rural_dissolve layer.

Save the map.

In order to incorporate the rural zones into the same analysis with the three existing rasters, it will need to be
rasterized as well. But in order for the rasters to be compatible for analysis, they will need to be the same size.
Therefore, before you can rasterize, you’ll need to clip the vector to the same area as the three rasters. A vector
can only be clipped by another vector, so you will first need to create a bounding box polygon the same size as the
rasters.

9.4.19 Creating a bounding box vector

Click on the menu item Layer —> New —> New Shapefile Layer....
Under the Type heading, select the Polygon button.

Click Specify CRS and set the coordinate reference system WGS 84 / UTM zone 33S
EPSG:32733.

Click OK.

Click OK on the New Vector Layer dialog as well.

Save the vector in the Zoning directory.

Name the output file bbox . shp.

Hide all layers except the new bbox layer and one of the reclassified rasters.
Ensure that the bbox layer is highlighted in the Layers list.

Navigate to the View > Toolbars menu item and ensure that Digitizing is selected. You should then see a
toolbar icon with a pencil or koki on it. This is the Toggle editing button.

Click the Toggle editing button to enter edit mode. This allows you to edit a vector layer.

Click the Add feature button, which should be nearby the Toggle editing button. It may be hidden behind a
double arrow button; if so, click the double arrows to show the Digitizing toolbar’s hidden buttons.

With the Add feature tool activated, left-click on the corners of the raster. You may need to zoom in with
the mouse wheel to ensure that it is accurate. To pan across the map in this mode, click and drag in the map
with the middle mouse button or mouse wheel.

For the fourth and final point, right-click to finalize the shape.
Enter any arbitrary number for the shape ID.

Click OK.

Click the Save edits button.

Click the Toggle editing button to stop your editing session.

Save the map.

Now that you have a bounding box, you can use it to clip the rural buffer layer.
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9.4.20 Clipping a vector layer

Ensure that only the bbox and rural_buffer layers are visible, with the latter on top.
Click the menu item Vector > Geoprocessing Tools > Clip.

In the dialog that appears, set the input vector layer to rural_buffer and the clip layer to bbox, with both Use
only selected features boxes unchecked.

Put the output file under the Zoning directory.

Name the output file rural_clipped.

Click OK.

When prompted to add the layer to the TOC, click Yes.
Close the dialog.

Compare the three vectors and see the results for yourself.

Remove the bbox and rural_buffer layers, then save your map.

Now it’s ready to be rasterized.

9.4.21 Rasterizing a vector layer

You’ll need to specify a pixel size for a new raster that you create, so first you’ll need to know the size of one of
your existing rasters.

Open the Properties dialog of any of the three existing rasters.

Switch to the Metadata tab.

Make a note of the X and Y values under the heading Dimensions in the Metadata table.
Close the Properties dialog.

Click on the Raster — Conversion — Rasterize menu item. You may receive a warning about a dataset
being unsupported. Click it away and ignore it.

Select rural_clipped as your input layer.

Set an output file location inside the Zoning directory.

Name the output file rural_raster.tif.

Check the New size box and enter the X and Y values you made a note of earlier.
Check the Load into canvas box.

Click the pencil icon next to the text field which shows the command that will be run. At the end of the
existing text, add a space and then the text -burn 1. This tells the Rasterize function to “burn” the existing
vector into the new raster and give the areas covered by the vector the new value of 1 (as opposed to the rest
of the image, which will automatically be 0).

Click OK.
The new raster should show up in your map once it has been computed.

The new raster will look like a grey rectangle — you may change the display style as you did for the reclas-
sified rasters.

Save your map.

Now that you have all four criteria each in a separate raster, you need to combine them to see which areas satisfy
all the criteria. To do so, the rasters will be multiplied with each other. When this happens, all overlapping pixels
with a value of 1 will retain the value of 1, but if a pixel has the value of 0 in any of the four rasters, then it will
be 0 in the result. In this way, the result will contain only the overlapping areas.
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9.4.22 Combining rasters

Click the Raster — Raster calculator menu item.

Build the following expression (with the appropriate names for your layers, depending on what you called
them):

[Rural raster] * [Reclassified aspect] * [Reclassified slope] =
[Reclassified rainfall]

Set the output location to the Rasterprac directory.
Name the output raster cross_product.tif.
Ensure that the Add result to project box is checked.
Click OK.

Change the symbology of the new raster in the same way as you set the style for the other reclassified rasters.
The new raster now properly displays the areas where all the criteria are satisfied.

To get the final result, you need to select the areas that are greater than 6000m”~2. However, computing these
areas accurately is only possible for a vector layer, so you will need to vectorize the raster.

9.4.23 Vectorizing the raster

Click on the menu item Raster — Conversion — Polygonize.
Select the cross_product raster.

Set the output location to Rasterprac.

Name the file candidate_areas.shp.

Ensure that Load into canvas when finished is checked.
Click OK.

Close the dialog when processing is complete.

All areas of the raster have been vectorized, so you need to select only the areas that have a value of 1.

Open the Query dialog for the new vector.
Build this query:

"DN" = 1

Click OK.

Create a new vector file from the results by saving the candidate_areas vector after the query is complete
(and only the areas with a value of 1 are visible). Use the Save as... function in the layer’s right-click menu
for this.

Save the file in the Rasterprac directory.
Name the file candidate_areas_only.shp.

Save your map.

9.4.24 Calculating the area for each polygon

Open the new vector layer’s right-click menu.
Select Open attribute table.
Click the Toggle editing mode button along the bottom of the table, or press Ct r1+E.

Click the Open field calculator button along the bottom of the table, or press Ctr1+1I.
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* Under the New field heading in the dialog that appears, enter the field name area. The output field type
should be an integer, and the field width should be 10.

* In Field calculator expression, type:

Sarea

This means that the field calculator will calculate the area of each polygon in the vector layer and will then
populate a new integer column (called area) with the computed value.

* Click OK.

* Do the same thing for another new field called id. In Field calculator expression, type:
$id
This ensures that each polygon has a unique ID for identification purposes.

¢ Click Toggle editing mode again, and save your edits if prompted to do so.

9.4.25 Selecting areas of a given size

Now that the areas are known:
* Build a query (as usual) to select only the polygons larger than 6000m” 2. The query is:

"area" > 6000

 Save the selection as a new vector layer called solution.shp.

You now have your solution areas, from which you will pick the one nearest to your house.

9.4.26 Digitize your house

» Create a new vector layer as before, but this time, select the Type value as being a Point.
* Ensure that it is in the correct CRS!

* Name the new layer house. shp.

* Finish creating the new layer.

 Enter edit mode (while the new layer is selected).

* Click the point where your house or other current place of residence is, using the streets as a guide. You
might have to open other layers to help you find your house. If you don’t live anywhere nearby, just click
somewhere among the streets where a house could conceivably be.

 Enter any arbitrary number for the shape ID.
* Click OK.

 Save your edits and exit edit mode.

» Save the map.

You will need to find the centroids (“centers of mass”) for the solution area polygons in order to decide which is
closest to your house.

9.4.27 Calculate polygon centroids

¢ Click on the Vector — Geometry Tools — Polygon centroids menu item.
* Specify the input layer as solution.shp.

 Provide the output location as Rasterprac.
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Call the destination file solution_centroids.shp.
Click OK and add the result to the TOC (Layers list), then close the dialog.

Drag the new layer to the top of the layer order so that you can see it.

9.4.28 Calculate which centroid is closest to your house

Click on the menu item Vector —> Analysis Tools —> Distance matrix.

The input layer should be your house, and the target layer solution_centroids. Both of these should use the
id field as their unique ID field.

The output matrix type should be linear.
Set an appropriate output location and name.
Click OK.

Open the file in a text editor (or import it into a spreadsheet). Note which target ID is associated with the
shortest Distance. There may be more than one at the same distance.

Build a query in QGIS to select only the solution areas closest to your house (selecting it using the 1 d field).

This is the final answer to the research question.

For your submission, include the semi-transparent hillshade layer over an appealing raster of your choice (such
as the DEM or the slope raster, for example). Also include the polygon of the closest solution area(s), as well as
your house. Follow all the best practices for cartography in creating your output map.
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cHAPTER 10

Module: Plugins

Plugins allow you to extend the functionality QGIS offers. In this module, you’ll be shown how to activate and

use plugins.

10.1 Lesson: Installing and Managing Plugins

To begin using plugins, you need to know how to download, install and activate them. To do this, you will learn

how to use the Plugin Installer and Plugin Manager.

The goal for this lesson: To understand and use QGIS’ plugin system.

10.1.1 0 Follow Along: Managing Plugins

* To open the Plugin Manager, click on the menu item Plugins — Manage and Install Plugins.

¢ In the dialog that opens, find the Processing plugin:

808

Plugins | All (178)

oA

EB1 Installed

2% Not installed

ﬁ Settings

Search

» Ordnance Survey Translator
» OSM place search
© OSMEditorRemoteControl
» osmSearch
 PDOK BAG Geocoder
* PDOK services plugin
pgRoutinglLayer
Photo2Shape
Pin Point
Plain Geometry Editor
" Plugin Builder
Plugin Reloader
[g Q Point sampling tool
. Points20ne
. PointsToPaths
. PostGIS Topology Editor
. Postgres 91 plus Auditor
& 1! Processing
» Processing LWGEOM Provider
" ProcessingPermaclim provider
© Profile tool
» PS Time Series Viewer
» QChainage
» QConsolidate
~ QGIS Cloud Plugin

o S g e g S O S O O O Y

B N o N N

4R This plugin is experimental

Processing @

Spatial data processing framework for QGIS

6 rating vote(s)
10027 downloads

Category: Analysis
More info: homepage tracker code repository

- Author: Victor Olaya

Installed version: 2.0-20131120 (in
/Users/george/.qgis2/python/plugins/processing)
Available version: 2.0-20131120 (in QGIS Official Plugin Repository)

Upgrade all | Uninstall plugin ||  Reinstall plugin |

| Help |

| Close |

* Click in the box next to this plugin and uncheck it to uninstall it.
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10.

The

¢ Click Close.

* Looking at the menu, you will notice that the Processing menu is is now gone. This means that many of
the processing functions you have been using before have disappeared! This is because they are part of the
Processing plugin, which needs to be activated for you to use them.

* Open the Plugin Manager again and reactivate the Processing plugin by clicking in the checkbox next to it
and clicking Close..

* The Processing menu should be available again.

1.2 é‘ Follow Along: Installing New Plugins

list of plugins that you can activate and deactivate draws from the plugins that you currently have installed.

* To install new plugins, select the Not Installed option in the Plugin Manager dialog. The plugins available
for you to install will be listed here. This list will vary depending on your existing system setup.

Plugins | Not installed (154)

Search |
| o | . -
E 3 Installed <" Accuracy Assessment Not installed plugins
= - Affine Transformations ist of ) i . o .
Z} Notinstalled “+ Azimuth and Distance Plugin Here you see the list of all plugins available in the repositories, but which
are not yet installed.
. Buffer by Percentage
 cadastre Click on the name to see details.
< Cadinput You can change the sorting via the context menu (right click).
4 CadTools

A plugin can be downloaded and installed by clicking on it's name, and then

aio o rjRarpINanagen click the 'Install plugin' button.

. Contour plugin

. Contrast homogenizer

. Copy_Coords

. Crayfish

. Cxfin ~
 Data-Driven Input Mask

.+ Datasource Importer

- Diagram Legend Plugin
* Digitizing Tools

- DirectionalSlope

. Dockable MirrorMap

- EasyCustomlLabeling
" ELECTRE-TRI

~ Elevation
. Expressions Plus
. FlowMapper T S — — — o
. FlowPathDown_BB POMACE: ninstall plugin einstall plugin
[ Help | [ Close |

* You can find information about each plugin by selecting it in the list of plugins displayed.
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606 Plugins | Not installed {154)

7 Al Search |

I':!.!: Installed 4 Accuracy Assessment

n . Affine Transformations contour plug in
b Not installed 2 Azimuth and Distance Plugin
o ) i Buffer by Percentage Generate contour lines (isolines) and/or filled contours
Settings " A

i cadastre a set of data points. Requires python modules numpy,
. Cadinput matplotlib, and shapely.

. CadTools

. Color Ramp Manager 10 rating vote(s)
3 Contour plugin 19876 downloads
. Contrast homogenizer More info: homepage tracker

. Copy_Coords

i Crayfish Author: Chris Crook, Lionel Roubeyrie

o Cxfin

[ Available version: 1.0.4 (in QGIS Official Plugin Repaository)
- Data-Driven Input Mask

» . Datasource Importer
» Diagram Legend Plugin
. Digitizing Tools

. DirectionalSlope

. Dockable MirrorMap
» . EasyCustomLabeling
o ELECTRE-TRI

o Elevation

. Expressions Plus

. FlowMapper

- FlowPathDown_BB

Upgrade all | Install plugin |

| Help | | Close |

* A plugin can be installed by clicking the Install Plugin button below the plugin information panel.

10.1.3 0 Follow Along: Configuring Additional Plugin Repositories
The plugins that are available to you for installation depend on which plugin repositories you are configured to
use.

QGIS plugins are stored online in repositories. By default, only the official repositories are active, meaning that
you can only access official plugins. These are usually the first plugins you want, because they have been tested
thoroughly and are often included in QGIS by default.

It is possible, however, to try out more plugins than the default ones. First, you want to configure additional
repositories. To do this:

* Open the Settings tab in the Plugin Manager dialog:
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Plugins | Not installed {154)

s Al

o]
E ] Installed

2% Notinstalled v [ Show also experimental plugins
: Note: Experimer genarally for produation use. Thes i deveiopment, and shouid be consdared incamelets of
Settings zoncapt toois. OG! u"u';':en:ﬁemm mmamng these plugins unless wf.ﬁ“é‘ﬁu“%“.ﬁ;’}.‘lﬂé'ﬁm purposes. - const B
w [ | Show also deprecated plugins

Nate: Deprecsied plugins are generally unsuiabls o producion use. These plugins are urmeintzined, and shocld be considered absclets to0ls. OCIS doss not recommend
installing these plugins unless you still need it and there are no other aker ‘available.

Plugin repositories

Status Name URL
[l connected QGIS Official Plugin Repository http://plugins.qgis.org/plugins/plugins.xmli?qgis=2.1

Reload all repositories Add... Edit... Delete
Help Close |

* Click Add to find and add a new repository.

* Provide a Name and URL for the new repository you want to configure and make sure the Enabled checkbox
is selected.

8. 0.8 Repository details
Name |Bnund|ess |
URL |http:Hqgis.bnundlessgen.com!plugins.xml I

Parameters ?qgis=2.0

Enabled [V

[ Cancel J M
| J

* You will now see the new plugin repo listed in the list of configured Plugin Repositories
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0080
% Al

Plugins | Not installed {154)

TS
Puugin Manager wi

[i: Installed
3 Not installed

v [E Show also experimental plugins

Note: Experimental plugins ere generally unsui

w [ | Show also deprecated plugins

Plugin repositories

[ Note: If this Tunction 1s enabled, IGIS will inform yoU whenever a new plugin or plugin upaats is avallabls. Utherwise, Tetching repoaiiones will b perormed dunng opening of the ||

" jtabie for proguction use. These plugins &re in early stages of develapment. and should be considersd incompiete’ or proa of
Settings concast tools. QGIS does nat recommend installing these plugins uniess you intend 1o use them for 1esting purposes.

Note: Deprecated plugins are ganerally unsuitabls for production use. These plugin &ra unmaintained. and shauld be considersd 'cbsolete’ toals. OGIS does not recommend
installing these plugins unless you still need it and there are no ather akiematives available.

Status Name URL
] connected Boundless

| Reload all repositories

| Help |

http://qgis.boundlessgeo.com/plugins.xml?ggis=2.1
[l connected QGIS Official Plugin Repository http://plugins.qgis.org/plugins/plugins.xmli?qgis=2.1

[ Add.. || Edic. Delete

| Close |

* You can also select the option to display Experimental Plugins by selecting the Show also experimental

plugins checkbox.

* If you now switch back to the Get More tab, you will see that additional plugins are now available for

installation.

* To install a plugin, simply click on it in the list and then click the Install plugin button.

10.1.4 In Conclusion

Installing plugins in QGIS is simple and effective!

10.1.5 What’s Next?

Next we’ll introduce you to some useful plugins as examples.

10.2 Lesson: Useful QGIS Plugins

Now that you can install, enable and disable plugins, let’s see how this can help you in practice by looking at some

examples of useful plugins.

The goal for this lesson: To familiarize yourself with the plugin interface and get acquainted with some useful

plugins.

10.2.1 “ Follow Along: The Raster Terrain Analysis Plugin

e Start a new map with only the
exercise_data/raster/SRTM).

srtm_41_19.tif

raster dataset in it (look in
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From the lesson on raster analysis, you're already familiar with raster analysis functions. You used GDAL tools
(accessible via Raster —> Analysis) for this. However, you should also know about the Raster Terrain Analysis
plugin. This ships standard with newer versions of QGIS, and so you don’t need to install it separately.

* Open the Plugin Manager and check that the Raster Terrain Analysis plugin is enabled:

606 Plugins | Installed (24)
=, Search | |
ﬁ Installed ("]~ Coordinate Capture
— & (3 0B Manager Raster Terrain Analysis plugin @
2% Not installed || Tig Dxf25hp Converter
$% Settings () [ evis A plugin for raster based terrain analysis
™ 4 fTools
™~ & GdalTools Category: Raster
= Georeferencer GDAL Installed version: Version 0.1 {in
[g “ GeoSearch Jusr/local/Cellar/qgis-20/HEAD/QGIS.app/Contents /MacOS/../Plugins/q
] |_td§; GPS Tools gis/librasterterrainplugin.so)
] Heatmap
| & InaSAFE

Interpolation plugin
OfflineEditing i
Openlayers Plugin

Oracle Spatial GeoRaster

| [&] [
L@4H

Point sampling tool

& Processing

[0 Raster Terrain Analysis plugin ____|
Road graph plugin

] ‘\ - Spatial Query Plugin

QR E

] SgsPIT

(] SQL Anywhere plugin

] Topology Checker

(] ¥5 Zonal statistics plugin . . g g
Upgrade all Uninstall plugin Reinstall plugin

| Help | | Close |

* Open the Raster menu. You should see a Terrain analysis submenu.

* Click on Terrain analysis — Relief and input the following options:

808 Relief
Elevation layer [ srtm_41_19 :]
Output layer |‘ exercise_data,fpluginsfrelief| El
Qutput format | GeoTIFF s |
Z factor | 1.0 |

EAdd result to project
Relief colors

|{ Create automatically ] [ Export distribution... ] I Up | [ Down | [ + _—

Lower bound | Upper bound | Color

| Export colors... | | Import colors... |

(Gl | (06

 Save the new file under exercise_data/plugins/relief.tif (create a new folder if necessary).

* Leave the Output format and Z factor unchanged.
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* Make sure the Add result to project box is checked.

¢ Click the Create automatically button. The list below will be populated:

FeXeX: . T P— . -

Elevation layer | srtm_41_19 :]

Qutput layer |Vo|umes,fDrobu,fsites!qgisiQG\S*Ducurnentation;‘suurce,fducs,‘tra.ining_manual!exercise_dataf plugins/relief | EI

Output format [ GeoTIFF

Z factor | 1.0

™ Add result to project
Relief colors

[ Create automatically ] [ Export distribution...

Lower bound | Upper bound | Color

4] 121.357

121.357  350.587

350.587  653.98

653.98 707.917

707.917  997.825

997.825 997.825

997.825 997.825

997.825 1436.06

1436.06 1699

Export colors... ] [ Import colors...

[ cancel | (0K

These are the colors that the plugin will use to create the relief.

* If you like, you can change these colors by double-clicking on each row’s color bar. For example:

FeXeX: . T P— . -

Elevation layer [ srtm_41_19 3]

Qutput layer |Vo|umes,fDrobu,fsites!qgisiQG\S*Ducurnentation;‘suurce,fducs,‘tra.ining_manual!exercise_dataf plugins/relief | EI

Output format [ GeoTIFF

Z factor | 1.0

™ Add result to project
Relief colors

[ Create automatically ] [ Export distribution...

Lower bound | Upper bound | Color
4]
121.357

653.98 707.917
707.917 997.825
997.825 997.825
997.825 997.825
997.825 1436.06
1436.06 1699

Export colors... ] [ Import colors...

[ Cancel | (0K

¢ Click OK and the relief will be created:
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ayers
960961.66,6104744.40 : 1046649.39,6251651.94 Coordinate: 992081,6226680 Scale [1:154219 -] [%/] & Render EPSG:32733 ]

This achieves a similar effect to when you used the semi-transparent hillshade as an overlay over another raster
layer. The advantage of this plugin is that it creates this effect using only one layer.

10.2.2 0 Follow Along: The OpenLayers Plugin

e Start a new map and add the roads.shp layer to it.

e Zoom in over the Swellendam area.

Using the Plugin Manager, find a new plugin by entering the word OpenLayers in the Filter field.

* Select the OpenLayers plugin from the filtered list:
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606 Plugins | Not installed {155)
= Al Search |0penLa @

I?!: Installed .~ OGR2Layers i
_ Openlayers Plugin 0penLayers Plugln

i} Notinstalled 2. TMS for Korea
$% settings OpenStreetMap, Google Maps, Bing Maps layers and

Prgedede

63 rating vote(s)
79173 downloads

Tags: openlayers,osm,google,bing
More info: homepage tracker code repository

Author: Sourcepole

" Available version: 1.1.2 (in QGIS Official Plugin Repository)

Upgrade all | Install plugin |

| Help | | Close |

* Click the Install plugin button to install.
e When it’s done, close the Plugin Manager.
Before using it, make sure that both your map and the plugin are configured properly:
¢ Open the plugin’s settings by clicking on Web — OpenLayers plugin — OpenLayers Overview.

* Use the panel to choose a map type you want. In this example, we’ll use the “Hybrid” type map, but you
can choose any others if you want.

o
o

QGIS 2.0.1-Dufour
BoROSLL AN PLLAR & @By ke BE &0 o O B
B /& La > S E e B e w

Layers.

N ] 4
&3
&

|

PEDHAIINSAS v D

g

I srowser

X OpenLayers Overview
CES S o — 8

| Coordinate: 445666,6234871 sale 132346+ (3] @ Render £15C:32734 (@]

* Open the Project Properties Dialog by selecting Project —> Project Properties from the menu.

» Enable “on the fly” projection and use the Google Mercator projection:
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2000 Project Properties | CRS
General ™ Enable 'on the fly' CRS transformation
Filter
[EN 1dentify layers Recently used coordinate reference systems
Coordinate Reference System Authority ID
™" Default styles Van der Grinten | USER:100000
NSIDC EASE-CGrid Clobal EPSC:3410
[ ows server WGS 84 / UTM zone 33§ EPSC:32733
WGS 84 / UTM zone 348 EPSC:32734
{C“) Macros 'WGS 84 [ Pseudo Mercator EPSC:3857
Google Mercator EPSC:900913
EE Relations WCS 84 EPSC:4326
Coordinate reference systems of the world || Hide deprecated CRSs
Coordinate Reference System Authority ID
WCS 84 / SCAR IMW ST53-56 EPSC:3273
WCS 84 / SCAR IMW ST57-60 EPSC:3274
WCS 84 / South Georgia Lambert EPSC:3762
'WGCS 84 [ USCS Transantarctic Mountains EPSC:3294
unnamed EPSC:27500
¥ Mercator
Batavia (Jakarta) / NEIEZ (deprecated) EPSGC:21100
Batavia / NEIEZ EPSC:3001
Coogle Mercator EPSC:900913
Makassar (Jakarta) / NEIEZ (deprecated) EPSGC:25700
Selected CRS: Google Mercator
+proj=merc +a=6378137 +b=6378137 +lat_ts=0.0 +lon_0=0.0 +x_0=0.0 +y_0=0
+k=1.0 +units=m +nadgrids=@null +wktext +over +no_defs
[ veio | [ poly | [Ganee |

* Now use the plugin to give you a Google map of the area. You can click on Plugins — OpenLayers Plugin
— Add Google Hybrid Layer to add it:

66606 . 4% Manage and Install Plugins... QCIS 2.0.1-Dufour
= = =] 1 ] I = < 3
D L L‘jl li% &]__I g ﬁ') é & Python Console p Q% Rl 4 ggv L) S iy L
4./ BB RE b= BT T R - OpenLayers Overview
|

Terms of Service / About

) e *§ Add Google Physical layer
Add Google Streets layer
*§ Add Google Hybrid layer
*§ Add Google Satellite layer
# Add OpenStreetMap layer
2 Add OpenCycleMap layer
4 Add OCM Landscape layer
# Add OCM Public Transport layer
@' Add Yahoo Street layer
@' Add Yahoo Hybrid layer
&' Add Yahoo Satellite layer

Add Bing Road layer

Add Bing Aerial layer

Add Bing Aerial with labels layer
[1 Add Apple iPhoto map layer
R Add Stamen Toner/OSM layer
[R Add Stamen Watercolor/OSM layer
[R Add Stamen Terrain-USA/OSM layer

T " roads 345

HDAIXNSNS

53 22
-

E

L4

This will load a new raster image in from Google that you can use as a backdrop, or to help you find out where
you are on the map. Here is such a layer, with our own vector road layer as overlay:
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066 QGIS 2.0.1-Dufour
DEOEBBLRANS AL H2APL QAL & & b E BE = %2 0 BR
4.0 8% B &E & R

006 Layers.

roads
'8 Google Hybrid

S 808N ARS

00 Opentayers Overview

[ Enable map | #J Google Hybrid

2273201,-4031525 Scale (121333 Render £psG:3857 (@) |

Note: You may need to drag your roads layer above the Google layer to make it visible above the background
layer. It may also be necessary to zoom to the extent of the roads layer to re-center the map.

10.2.3 ‘J Follow Along: The GeoSearch Plugin

* Start a new map with no datasets.

* Open the Plugin Manager and filter for the GeoSearch Plugin and click Install Plugin to install it.
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8,06 Plugins | All (178)
& All Search |geos .
E51 Installed 7 GeoSearch
1 Geospatial Simulation ceosearch
2% Notinstalled o HTP Geoprocessor
$% Settings " OpenGeo Explorer Search location by words like google map; Calculate

Distance between two points on mapCanvas.(0.05.00)

WRIXNIX

1 rating votel(s)
8356 downloads
Tags: maptool
More info: homepage tracker code repository

Author: Walter Tsui

Available version: 0.06.00 (in QGIS Official Plugin Repository)

Upgrade all [ Install plugin |

| Help | | Close |

¢ Close the Plugin Manager.

* You can now use the GeoSearch plugin to search for placenames. Click on Plugins —> GeoSearch Plugin
—> GeoSearch to open the GeoSearch dialog.

4k Manage and Install Plugins... | QGIS 2.0.1-Dufour
= e g L & B B =
l:(} @ m o« ﬁ') &q & Python Console c X ‘&“’ SRy g & My
A Cﬁ & m S ‘JJ GeoSearch P~ - GeoSearch
)

— Openlayers plugin

* Search for Swellendam in the GeoSearch Dialog to locate it on your map:
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806 : e OeOSearch

Point Distance

Geocod Addres:

[ CoogleV3 | Iswellendam|

I Search

Geocod Latituds Longitut

[ CoogleV3 3] | | | | [Dm Map] _

Result [V Exact One Res

Double Click below items t

Search On Coogle Wek

(u'Swellendam, South Africa’, (-34.0166667, 20.4333333))

10.2.4 In Conclusion

There are many useful plugins available for QGIS. Using the built-in tools for installing and managing these

plugins, you can find new plugins and make optimum use of them.

10.2.5 What’s Next?

Next we’ll look at how to use layers that are hosted on remote servers in real time.
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CHAPTER 11

Module: Online Resources

When considering data sources for a map, there is no need to be restricted to data which you have saved on the
computer you're working on. There are online data sources which you can load data from as long as you are
connected to the Internet.

In this module, we’ll cover two kinds of web-based GIS services: Web Mapping Services (WMS) and Web Feature
Services (WFS).

11.1 Lesson: Web Mapping Services

A Web Mapping Service (WMS) is a service hosted on a remote server. Similar to a website, you can access it as
long as you have a connection to the server. Using QGIS, you can load a WMS directly into your existing map.

From the lesson on plugins, you will remember that it’s possible to load a new raster image from Google, for
example. However, this is a once-off transaction: once you have downloaded the image, it doesn’t change. A
WMS is different in that it’s a live service that will automatically refresh its view if you pan or zoom on the map.

The goal for this lesson: To use a WMS and understand its limitations.

11.1.1 vl Follow Along: Loading a WMS Layer

For this exercise, you can either use the basic map you made at the start of the course, or just start a new map and
load some existing layers into it. For this example, we used a new map and loaded the original places and landuse
layers and adjusted the symbology:
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000 QGIS 2.0.1-Dufour

DNEBRBORNISL,L 28 P LA LAR & 8 B & BE =0 5o A N
4 v L. 3 a < @d [ag] =y = o) ) e

- —

'ﬂ m"].m.g

.Cl

VA

»

@

Q

%

Voo

P

=N Gowser |

Ready There is a new plugin available [§§] Coordinate: 20.4298,-34.0123 Scale (124229 -] /] 4 Render EPSC:4326 [ |

* Load these layers into a new map, or use your original map with only these layers visible.

» Before starting to add the WMS layer, first deactivate “on the fly” projection. This may cause the layers to
no longer overlap properly, but don’t worry: we’ll fix that later.

* To add WMS layers, click on the Add WMS Layer button:

Remember how you connected to a SpatiaLite database at the beginning of the course. The landuse, places, and
water layers are in that database. To use those layers, you first needed to connect to the database. Using a WMS
is similar, with the exception that the layers are on a remote server.

¢ To create a new connection to a WMS, click on the New button.

You’ll need a WMS address to continue. There are several free WMS servers available on the Internet. One of
these is terrestris, which makes use of the OpenStreetMap dataset.

* To make use of this WMS, set it up in your current dialog, like this:
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Add Layer(s) from a Server

.M Layer Order | Tilesets | Server Search |

|.8e.0.8 Create a new WMS connection A
gis-lab Connection details .
Connect Add default servers
[ Connoct AU | ftoresti I
ID &
v (l 1 URL |ht‘tpu’.Fows,terresiris.defosmfservice |
2
If the service requires basic authentication, enter a user name and
optional password
User name | |
Password | |
mage encoding
Referer | |
. (OFNG () || lgnore GetMap URI reported in capabilities ‘
Coordinate Refe || Ignore GetFeaturelnfo URI reperted in capabilities

[ | lgnore axis orientation (WMS 1.3/ WMTS)
Layer nemsg E [ | Invert axis arientation
Tile size . [ | Smoath pixmap transform
Feature limit fo

WGS 84 [ Hep | Cancel | [ OK |
. 7

_Help | [ Add | ~ Close

1 Layer(s) selected

e The value of the Name field should be terrestris.
¢ The value of the URL field should be http://ows.terrestris.de/osm/service.

¢ Click OK. You should see the new WMS server listed:
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[ terrestris

a3
L—Mi[ New J[ Edit J[ Delete ] [ Load J[ Save ] [ Add default servers ]

ID | Name | Title | Abstract

Image encoding

Options

Layer name |

Tile size |

Feature limit for GetFeatureinfo

(Moo ) ((Add ]

Ready

* Click Connect. In the list below, you should now see these new entries loaded:

3
[ Load J[ Save ] [ Add default servers ]

| Title | Abstract
OpenStreetMap WMS Deutschland
OSM-WMS OpenStreetMap WMS - by terrestris

mage encoding
(J)PNG ()JPEG (e)GIF

Options (0 coordi reference available)

Y

Layer name |

Tile size |

Feature limit for GetFeatureinfo

((Helo ) (Add ]

Select layer(s)

These are all the layers hosted by this WMS server.
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* Click once on the OSM-WMS layer. This will display its Coordinate Reference System:

808 Add Layer(s) from a Server
Layer Order = Tilesets = Server Search }
[ terrestris ;]
E_w_i [ New ] [ Edit ] [ Delete ] [ Load ] [ Save ] [ Add default servers ]
'ID A [ Name Title Abstract |
v 0 OpenStreetMap WMS Deutschland

OSM-WMS OpenStreetMap WMS - by terrestris

Image encoding

' ()PNG ()JPEG () GIF

Coordinate Reference System (13 available)

Layer name | OSM-WMS

Tile size |

Feature limit for GetFeaturelnfo
WGS 84

“Help | [ Add

1 Layer(s) selected

Since we’re not using WGS 84 for our map, let’s see all the CRSs we have to choose from.
¢ Click the Change button. You will see a standard Coordinate Reference System Selector dialog.

* We want a projected CRS, so let’s choose WGS 84 / Pseudo Mercator.
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8.0.6 Coordinate Reference System Selector

Define this layer's coordinate reference system:
This layer appears to have no projection specification. By default, this layer will now have its projection set to that of the project, but you may override this by selecting
a different projection below.

Filter
Recently used coordinate reference systems
Coordinate Reference System Authority ID
WGS 84 EPSG:4326
Coordinate reference systems of the world || Hide deprecated CRSs
Ceordinate Reference System Authority |D
WGS 84 EPSG:4326
v [ Projected Coordinate Systems
v Cassini
DHDN / Soldner Berlin EPSG:3068
w Lambert Azimuthal Equal Area
ETRS89 / ETRS-LAEA EPSG:3035
v Mercator
Google Mercator EPSG:800913
WGS 84 / Pseudo Mercator EPSG:3857
v Transverse Mercator
DHDN / 3-degree Gauss zone 3 (deprecated) EPSG:31463
DHDN / Gauss-Kruger zone 2 EPSG:31468
DHDN / Gauss-Kruger zone 3 EPSG:31467
Selected CRS: WGS 84 / Pseudo Mercator

+proj=merc +a=6378137 +b=6378137 +lat_15=0.0 +lon_0=0.0 +x_0=0.0 +y_0=0 +k=1.0 +units=m +nadgrids=@null +no_defs

* Click OK.
* Click Add and the new layer will appear in your map as OSM-WMS.
* In the Layers list, click and drag it to the bottom of the list.

You will notice that your layers aren’t located correctly. This is because “on the fly” projection is disabled. Let’s
enable it again, but using the same projection as the OSM-WMS layer, which is WGS 84 / Pseudo Mercator.

* Enable “on the fly” projection.

* In the CRS tab (Project Properties dialog), enter the value pseudo in the Filter field:
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Prno;g_“ct Pro ge__frties

L
U—_lhj Identify layers
W Default styles

@ OWS server
Macros

Coordinate Reference System (CRS)

[ Enable 'on the fly' CRS transformation

Filter I pseudo a I
Recently used coordinate reference systems

Coordinate Reference Systemn Authority ID

WGS 84 / Pseudo Mercator EPSG:3857

Coordinate reference systems of the world [ | Hide deprecated CRSs

Coordinate Reference Systermn Authority ID
v i Projected Coordinate S)
¥ Mercator

WGS 84 / Pseudo Mercator EPSG:3857

Selected CRS: WGS 84 / Pseudo Mercator

+proj=merc +a=6378137 +b=6378137 +lat_ts=0.0 +lon_0=0.0 +x_0=0.0 +y_0=0 +k=1.0 +units=m
+nadgrids=@null +no_defs

¢ Choose WGS 84 / Pseudo Mercator from the list.

* Click OK.

* Now right-click on one of your own layers in the Layers list and click Zoom to layer extent. You should see

the Swellendam area:
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60606 QGIS 2.0.1-Dufour - wms-map.

Do B & IS L L A RPO QAR & 6 5 e BE =052 10 B
00 Layers

.

wﬂ 9 landuse

& I osmwus

HSLEHBINSR

N Govser

1781281 of 1761291 bytes of map downloaded. Thera i 2 new olugin avaiade [§] Coordinate: 227207, -4062708 Scale 14718z 1v) 3] O Fender EPSG3857 @)1

Note how the WMS layer’s streets and our own streets overlap. That’s a good sign!

The nature and limitations of WMS

By now you may have noticed that this WMS layer actually has many features in it. It has streets, rivers, nature
reserves, and so on. What’s more, even though it looks like it’s made up of vectors, it seems to be a raster, but you
can’t change its symbology. Why is that?

This is how a WMS works: it’s a map, similar to a normal map on paper, that you receive as an image. What
usually happens is that you have vector layers, which QGIS renders as a map. But using a WMS, those vector
layers are on the WMS server, which renders it as a map and sends that map to you as an image. QGIS can display
this image, but can’t change its symbology, because all that is handled on the server.

This has several advantages, because you don’t need to worry about the symbology. It’s already worked out, and
should be nice to look at on any competently designed WMS.

On the other hand, you can’t change the symbology if you don’t like it, and if things change on the WMS server,
then they’ll change on your map as well. This is why you sometimes want to use a Web Feature Service (WES)
instead, which gives you vector layers separately, and not as part of a WMS-style map.

This will be covered in the next lesson, however. First, let’s add another WMS layer from the terrestris WMS
Server.

11.1.2 V Try Yourself

Hide the OSM-WSM layer in the Layers list.

e Add the “ZAF CGS IM Bedrock Lithostratigraphy” WMS server at this URL:
http://196.33.85.22/cgi-bin/ZAF_CGS_Bedrock_Geology/wms

Load the BEDROCKGEOLOGY layer into the map (use the Add WMS Layer button as before). Remember
to check that it’s in the same WGS 84 / World Mercator projection as the rest of your map!

* You might want to set its Encoding to JPEG and its Tile size option to 200 by 200, so that it loads faster:
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8.0.08 Add Layer(s) from a Server
Layer Order | Tilesets | Server Search |
[ bedrock B

[ Connect || Mew || Edit || Delete | | Load || Save | [ Add default servers |
D Name Title Abstract

BEDROCKG... ZAF CGS1... The 1:1 m digital geclogical map covering the whole of the Republic of South Africa is available in this OGC WMS ...

k1 ZAF_CGS_1... ZAFCGS1:... ZAF CGS 1:1M Bedrock Lithostratigraphy

Image encoding
()PNG ()PNGB (&)JPEG () GIF () TIFF

Coordinate Reference System (1 available)

Layer name |BE DROCKGEOLOGY

|
Tile size |ZOU | |2(!U\ I
Feature limit for GetFeaturelnfo ‘10 ‘
WGS 84 [ Change ... ]
| Help | | Add | | Close |
1 Layer(s) selected

/'

Check your results

11.1.3 ‘J Try Yourself

* Hide all other WMS layers to prevent them rendering unnecessarily in the background.
¢ Add the “OGC” WMS server at this URL: http://ogc.gbif.org:80/wms
* Add the bluemarble layer.

Check your results

1114 & Try Yourself

Part of the difficulty of using WMS is finding a good (free) server.

* Find a new WMS at spatineo.com (or elsewhere online). It must not have associated fees or restrictions, and
must have coverage over the Swellendam study area.

Remember that what you need in order to use a WMS is only its URL (and preferably some sort of descrip-
tion).

Check your results
11.1.5 In Conclusion

Using a WMS, you can add inactive maps as backdrops for your existing map data.

11.1.6 Further Reading

* spatineo.com
* Geopole.org

* OpenStreetMap.org list of WMS servers
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11.1.7 What’s Next?

Now that you’ve added an inactive map as a backdrop, you’ll be glad to know that it’s also possible to add features
(such as the other vector layers you added before). Adding features from remote servers is possible by using a
Web Feature Service (WES). That’s the topic of the next lesson.

11.2 Lesson: Web Feature Services

A Web Feature Service (WFS) provides its users with GIS data in formats that can be loaded directly in QGIS.
Unlike a WMS, which provides you only with a map which you can’t edit, a WFS gives you access to the features
themselves.

The goal for this lesson: To use a WFS and understand how it differs from a WMS.

11.2.1 0 Follow Along: Loading a WFS Layer

e Start a new map. This is for demo purposes and won’t be saved.
 Ensure that “on the fly” re-projection is switched off.

¢ Click the Add WFS Layer button:

¢ Click the New button.

* In the dialog that appears, enter the Name as nsidc.org and the URL as
http://nsidc.org/cgi-bin/atlas_south?version=1.1.0.

808 Create a new WFS connection

Connection details

MName ‘nsidc.org |

URL | http://nsidc.org/egi-bin/atlas_south 2version=1.1.0 |

If the service requires basic authentication, enter a user name and
optional password

User name | |

Password | |

| Help | | Cancel | [ OK |

* Click OK, and the new connection will appear in your Server connections.

* Click the Connect. A list of the available layers will appear:
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8.0.8

Add WFS Layer from a Server

Server connections

[ nside.org

[ Connect | | New | | Edit | | Delete |

Filter: |

| Title

Antarctic ice shelves

Antarctic continent

Antarctic islands

land (excluding Antarctica)

Antarctic suface elevation contours
glaciers

glacier outlines

coastlines (excluding Antarctica)
Antarctic coastline (includes ice shelves)
Antarctic grounding line (excludes ice shel...
Antarctic island coastlines

countries (excluding Antarctica)
Antarctica border

Antarctic island coastlines

Antarctic Polar Front

International Date Line

Antarctic megadunes

Antarctic permanent research stations
Antarctic ice core locations

South Pole, Geoaraphic

¥ Name

antarctic_ice_shelves_fill
antarctic_continent
antarctic_islands
land_excluding _antarctica
antarctica_elevation_contours
glaciers

glacier_oullines
coastlines_excluding_antarctica
antarctic_ice_shelves_outline
antarctic_coastling
antarctic_islands_coastlines

country_borders_excluding_antar...

antarctica_country_border
antarctica_islands_coastlines
antarctic_polar_front
international_date_line
antarctic_megadunes
antarctic_research_stations
antarctic_ice_cores
south_pole_aecaraphic

Bohlander, J.and T. 5...  [¥]
Bohlander, J.and T. S...  [¥]
Center for Internation... [
Liu, H., K. Jezek, B.L... [¥]
National Imagery and...  [¥]
Armstrong, R., B. Ra... [+]
Center for Internation... [V
Bohlander, J. and T. S...  [¥]
Bohlander, J.and T. S...  [¥]
Bohlander, J.and T. S... [
Center for Internation... [V
Bohlander, J. and T. S...  [¥]
Bohlander, J. and T. S... [
Orsi, A. and Ryan, U. ... |
National Geographic ...  [¥]
Bohlander, J.and T. S...  [¥]
Wikipedia contributor... [
Maurer, J. compiler. 2... [V
Labels the location of ...

Cache Feature

Filter

|| Use title for layer name
“Coordinate reference system

EPSG:3031

| Help | | Add | | Buildquery |

* Find the layer south_poles_wfs.

* Click on the layer to select it:

8.0.6

Add WFS Layer from a Server

Change ...

| Close |

Server connections

l nside.org

ar

M | New | [ Edit | [ Delete

Load Save

Filter: | |
Title ¥ | Name Abstract Cache Feature Filter

glacier outlines glacier_outlines Armstrong, R., B. Ra...

coastlines (excluding Antarctica) coastlines_excluding_antarctica Center for Internation... [V
Antarctic coastline (includes ice shelves) antarctic_ice_shelves_outline Bohlander, J.and T. S...  [¥]
Antarctic grounding line (excludes ice shel... antarctic_coastline Bohlander, J. and T. S... [¥]
Antarctic island coastlines antarctic_islands_coastlines Bohlander, J. and T. S...  [¥]
countries (excluding Antarctica) country_borders_excluding_antar... Center for Internation... [+
Antarctica border antarctica_country_border Bohlander, J.and T. S...  [¥]
Antarctic island coastlines antarctica_islands_coastlines Bohlander, J. and T. S... [V
Antarctic Polar Front antarctic_polar_front Orsi, A. and Ryan, U. ... ¥
International Date Line international_date_line National Geographic ... [V
Antarctic megadunes antarctic_megadunes Bohlander, J.and T. S...  [¥]
Antarctic permanent research stations antarctic_research_stations Wikipedia contributor... [V
Antarctic ice core locations antarctic_ice_cores Maurer, J. compiler. 2... V]
South Pole, Geographic south_pole_geographic Labels the location of ... [¥]
South Pole, Magnetic south_pole_magnetic McClean, S. 24 Janu... [V
South Pole, Geomagnetic south_pole_geomagnetic McClean, 8. 24 Janu... [V
South Pole of Inaccessibility south_pole_inaccessibility Wikipedia contributor... [
South Pole of Cold south_pole_of_cold Wikipedia contributor... [+
South Poles abel - o

|| Use title for layer name
“Coordinate reference system

EPSG:3031

| Help | | Add | | Buildquery |

Change ...

| Close |
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* Click Add.

It may take a while to load the layer. When it has loaded, it will appear in the map. Here it is over the outlines of
Antarctica (available on the same server, and by the name of antarctica_country_border):

[eX:Xe) QIS - south_poles.
DEBRBOROS AL AAPLL/LRE & @ F K& BE =0 % T BY
P/ BB g0 "S@ysesas @8

o
;
LR

s 888 %A

o

. Coordinate: -2098122,1934512 | Scale (13,820,662~ [%/| M Render EPSG:3031 (@] [4]

How is this different from having a WMS layer? That will become obvious when you see the layers’ attributes.

* Open the south_poles_wfs layer’s attribute table. You should see this:

&

Geographic South Pole
Magnetic South Pole {2005)
Geomagnetic South Pole (2005)
South Pole of Inaccessibility
South Pole of Cold

k¢ Show All Features .

Since the points have attributes, we are able to label them, as well as change their symbology. Here’s an example:
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066 QGIS - south_poles
DEEBBLRANS AL AAPLLALR & & bE BE = 52 0 BR
% Lo > 5 %@
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J§outh Pole of Inaccessibility

JGeographic South Pole

_Geomagnetic South Pole (2005)
" 7South Pole of Cold v

[PV i Wog Magnetic South Pole (2005)

| Coordinate: 1409733,-1251343 Scale (13,820,662~ || ¥ Render EPSG:3031 (@) (4, y

* Add labels to your layer to take advantage of the attribute data in this layer.

Differences from WMS layers

A Web Feature Service returns the layer itself, not just a map rendered from it. This gives you direct access to the
data, meaning that you can change its symbology and run analysis functions on it. However, this is at the cost of
much more data being transmitted. This will be especially obvious if the layers you’re loading have complicated
shapes, a lot of attributes, or many features; or even if you’re just loading a lot of layers. WES layers typically
take a very long time to load because of this.

11.2.2 % Follow Along: Querying a WFS Layer

Although it is of possible to query a WFS layer after having loaded it, it’s often more efficient to query it before
you load it. That way, you’re only requesting the features you want, meaning that you use far less bandwidth.

For example, on the WES server we’re currently using, there is a layer called countries (excluding Antarctica).
Let’s say that we want to know where South Africa is relative to the south_poles_wfs layer (and perhaps also the
antarctica_country_border layer) that’s already been loaded.

There are two ways to do this. You can load the whole countries ... layer, and then build a query as usual once
it’s loaded. However, transmitting the data for all the countries in the world and then only using the data for South
Africa seems a bit wasteful of bandwidth. Depending on your connection, this dataset can take several minutes to
load.

The alternative is to build the query as a filter before even loading the layer from the server.

¢ Inthe Add WFS Layer ... dialog, connect to the server we used before and you should see the list of available
layers.

* Double-click next to the countries ... layer in the Filter field, or click Build query:
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8086

Add WFS Layer from a Server

Server connections

| nsidc.org

Load Save

Filter: |

Tl | Name
Antarctic ice shelves

Antarctic continent

Antarctic islands

land (excluding Antarctica)

Antarctic suface elevation contours
glaciers

glacier outlines

coastlines (excluding Antarctica)
Antarctic coastline (includes ice shelves)
Antarctic grounding line (excludes ice s...
Antarctic island coastlines

antarctic_islands
land_excluding_antarctica
antarctica_elevation_contours
glaciers

glacier_outlines
coastlines_excluding_antarctica
antarctic_ice_shelves_outline

Antarctic island coastlines
Antarctic Polar Front
International Date Line
Antarctic megadunes
Antarctic permanent research stations
Antarctic ice core locations
South Pole, Geographic
South Pole, Magnetic

South Pole, Geomagnetic
South Pole of Inaccessibility
South Pole of Cold

South Poles

antarctic_polar_front
international_date_line
antarctic_megadunes
antarctic_research_stations
antarctic_ice_t
south_pole_geographic
south_pole_magnetic
south_pole_geomagnetic
south_pole_inaccessibility
south_pole_of_cold
south_poles_wfs

Abstract
Bohlander, ). and T....
Bohlander, ). and T.

Cache Feature Filter

Liu, H., K. Jezek, B.

National Imagery an...
Armstrong, R., B. R.
Center for Internal
Bohlander, J. and T.
Bohlander, J. and T.
Bohlander, J. and

Bohlander, J. and T.
Orsi, A. and Ryan, U
Mational Geograp
Bohlander, J. and T.
Wikipedia contribut...
Maurer, ). compiler...
Labels the location
McClean, S. 24 Janu
McClean, S. 24 Janu

AEERAERRAECREEERARERAREEREE

Labels the location ...

("] Use title for layer name
Coordinate reference system

EPSG:3031

Help Add Build query

Change ...

Close

* In the dialog that appears, build the query "Countryeng" = ’South Africa’:
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—————

Function list Selected function help

Search Field

Conditionals . ) .
Math Double click to add field name to expression string.

Conversions Right-Click on field name to open context menu sample value

Date and Time loading options.
String =
Color L Note:

Ceometry Loading field values from WFS layers isn't supported, before the

Record layer is actually inserted, ie. when building queries.
Recent (generic)

Fields and Values
Count
Iso3v10
Unsdcode

¥ Operators

4 Y VY YVYYVYVYYY

"Countryeng" = 'South Africa’

Output preview: 0

[ Cancel | (0K

« It will appear as the Filter value:
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8086

Add WFS Layer from a Server

Server connections

| nsidc.org

Antarctic ice shelves

Antarctic continent

Antarctic islands

land (excluding Antarctica)

Antarctic suface elevation contours
glaciers

glacier outlines

coastlines (excluding Antarctica)
Antarctic coastline (includes ice shelves)

Antarctic island coastlines
countries (excluding Antarctica)
Antarctica border

Antarctic island coastlines
Antarctic Polar Front
International Date Line
Antarctic megadunes

Antarctic permanent research stations
Antarctic ice core locations
South Pole, Geographic

South Pole, Magnetic

South Pole, Geomagnetic

South Pole of Inaccessibility
South Pole of Cold

South Poles

Antarctic grounding line (excludes ice s...

antarctic_ice_shelves_fill
antarctic_continent
antarctic_islands
land_excluding_antarctica
antarctica_elevation_contours
glaciers

glacier_outlines
coastlines_excluding_antarctica
antarctic_ice_shelves_outline
antarctic_coastline
antarctic_islands_coastlines

_borders_excluding_antar...

antarctica_country_border
antarctica_islands_coastlines
antarctic_polar_front
international_date_line
antarctic_megadunes
antarctic_research_stations
antarctic_ice_cores
south_pole_geographic
south_pole_magnetic
south_pole_geomagnetic
south_pole_inaccessibility
south_pole_of_cold
south_poles_wfs

| New | [ Edit | | Delete | | Load | | Save |
Filter: |
Title ¥ | Name Abstract Cache Feature Filter

Bohlander, ). and T....
Bohlander, ). and T....
Bohlander, J. and T....
Center for Internati...
Liu, H., K. Jezek, B. ...
National Imagery an...
Armstrong, R., B. R...
Center for Internati...
Bohlander, J. and T....
Bohlander, J. and T....

Bohlander, J. and

Center for Internati
Bohlander, J. and T.
Bohlander, J. and T.
Orsi, A. and Ryan,

Mational Geogra
Bohlander, J. and T.

Wikipedia contribut...
Maurer, J. compiler..

Labels the location ...
McClean, S. 24 Janu..
McClean, S. 24 Janu...
Wikipedia contribut...
Wikipedia contribut...
Labels the location ...

th Africa'

ARAAAEAEEEAEAYCAERERERAREE

("] Use title for layer name
Coordinate reference system

EPSG:3031

| Help | | Add | | Build query |

| Change ... |

[ Close |

* Click Add with the countries layer selected as above. Only the country with the Countryeng value of
South Africa will load from that layer:

QGIS - south_poles

DEBELR 0SS ARAPAPLLKHERE & @B e BE &0 30 1 BY
A/ 8RR EMaBEBn 98
X s
N o <country borders excluding antarctica
B L T o peleswis
("] *
v/  antarctica_country_border
/
»
@
<]
@
%
Vov
d
o
j'd"/w M’k_\/j\
f i
{ ’ 3
X /
- L \
m\\ { =
by ol S
ot South Pole of Inaccessibility
{ Geogtaphic South Pole
L o Aprbeiperotti el
BN RO
\
N »
g\‘}.u\v\ﬂ/\/\/’);;agneu( South Pole (2005)
Browser |

-3493458.37,-2251496.19 : 3585676.58,2266270.16

| Coordinate:

8723088,3505513

Scale 30,918,228+ & M Render EPSG:3031 @ /)

z

You don’t have to, but if you tried both methods, you’ll notice that this is a lot faster than loading all the countries

before filtering them!

Notes on WFS availability

It is rare to find a WFS hosting features you need, if your needs are very specific. The reason why Web Feature
Services are relatively rare is because of the large amounts of data that must be transmitted to describe a whole
feature. It is therefore not very cost-effective to host a WFS rather than a WMS, which sends only images.
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The most common type of WES you’ll encounter will therefore probably be on a local network or even on your
own computer, rather than on the Internet.

11.2.3 In Conclusion
WES layers are preferable over WMS layers if you need direct access to the attributes and geometries of the layers.

However, considering the amount of data that needs to be downloaded (which leads to speed problems and also a
lack of easily available public WES servers) it’s not always possible to use a WFS instead of a WMS.

11.2.4 What’s Next?

Next, you’ll see how to use QGIS as a frontend for the famous GRASS GIS.
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CHAPTER 12

Module: GRASS

GRASS (Geographic Resources Analysis Support System) is a well-known open source GIS with a wide array of
useful GIS functions. It was first released in 1984, and has seen much improvement and additional functionality
since then. QGIS allows you to make use of GRASS’ powerful GIS tools directly.

12.1 Lesson: GRASS Setup

Using GRASS in QGIS requires you to think of the interface in a slightly different way. Remember that you’re
not working in QGIS directly, but working in GRASS via QGIS.

The goal for this lesson: To begin a GRASS project in QGIS.

12.1.1 V Follow Along: Start a New GRASS Project

To launch GRASS from within QGIS, you need to activate it as with any other plugin. First, open a new QGIS
project.

* In the Plugin Manager, enable GRASS in the list:
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8086 .. . . - — — ___ Plugin Manager

] Plugins > Installed (23)
F : Installed
. Search |

l. Coordinate Capture

DB Manager G RASS ﬂ.
% Dxt2Shp Converter
oVis GRASS layer
b {Tools
GdalTools
Georeferencer GDAL
Globe
GPS Teols
Heatmap

4 InaSAFE-Test
&1 Interpolation plugin

\ OfflineEditing

&, Oracle Spatial GeoRaster

# Processing

(@ Raster Terrain Analysis plugin
. Road graph plugin
¥ Spatial Query Plugin
g SPIT
£, SQL Anywhere plugin
H Topology Checker
¥, Zonal statistios plugin

‘ in: (s) names () descriptions () tags () authors

&

-
£
z
H

&I

L i
Invalid
]

éﬁ;’ Settings

Category: Plugins

I EE O

Installed version: Version 0.1 (in
/Applications/QGIS.app/Col /. Plugl sl in.sa)

10 (
> R R ]

CO0000000O0000EoO

Upgrade all Uninstall plugin Reinstall plugin

Help Close |

The GRASS toolbar will appear:

08 (08 U8 i (% 06 5 % [0 [

Before you can use GRASS, you need to create a mapset. GRASS always works in a database environment,
which means that you need to import all the data you want to use into a GRASS database.

* Click on the New mapset button:

1A

You’ll see a dialog explaining the structure of a GRASS mapset.
* Create a new directory called grass_db in exercise_data.

* Set it as the directory that will be used by GRASS to set up its database:
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GRASS Database

Select existing directory or create a new one:

Database: I.r‘l.,lsers.-‘gaorgainuirdDesklop:‘sii&nfqgis.’grass_db

GRASS data are stored in ree Example directory tree:
structura. The GRASS

databass is the top-level directary | | Tree
in this tree structure.

| Comment
w OurDatabase Database
¥ Mexico Location 1
PERMANENT System mapset
Alejandra User's mapset
Juan User's mapset
¥ MNew Zealand Location 2
PERMANENT System mapset
Cimrman User's mapset

¢ Click Next.

GRASS needs to create a “location”, which describes the maximum extents of the geographic area you’ll be
working in.

¢ (Call the new location South_Africa:
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(") Select location I
(s) Create new location |SouthAfrica

The GRASS location is & collection of maps for & particular territory or project.

¢ Click Next.

e We’ll be working with WGS 84, so search for and select this CRS:

284 Chapter 12. Module: GRASS



QGIS Training Manual, Release 2.6

808 " New Mapset - |

Projection
Coordinate system

O Mot defined

(») Projection

Filter | 4326
Recently used coordinate reference systems

Coordinate Referance System | Authority 1D
WGS 84 EPSG:4326

Coordinate reference systems of the world [ | Hide deprecated CRSs

Coordinate Reference System | Authority ID
v 3 Geographic Coordinate S...

WGS 84 EPSG:4328

Selected CRS: WGS 84

+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs +towgsB84=0,0,0

< Back ] [ Next >

¢ Click Next.

* Now select the region South Africa from the dropdown and click Set:
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8.0 .8 New Mapset

Default GRASS Region

N [21.27

[ |45.9

[ Set current QGIS extent | [ South Africa

The GRASS region defines a workspace for raster madules. The detfault region s valid for one location. it is possible to
set a difarant region in each magset. It is possible 1o change the default location region |ater.

[{Back J [ Next:-]

¢ Click Next.

* Create a mapset, which is the map file that you’ll be working with.
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B8 New Mapset

Mapset

Mew mapset: |grass_mapﬁet

The GRASS mepsat is a collection of maps used by one user. A user can read maps from all mapsats in the location but
e can open for writing only his mapset (owned by user).

< Back ] [ Next >

Once you’re done, you’ll see a dialog asking you to confirm that the settings it displays are correct.
¢ Click Finish.
* Click OK on the success dialog.

12.1.2 0 Follow Along: Loading Vector Data into GRASS

You’ll now have a blank map. To load data into GRASS, you need to follow a two-step process.

e Load data into QGIS as usual Use the roads.shp dataset (found under
exercise_data/epsg4326/) for now.

e As soon as it’s loaded, click on the GRASS Tools button:
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A

* In the new dialog, select Modules list.
* Find the vector import tool by entering the term v.in.ogr.ggis in the Filter field.

The v stands for “vector”, in means its a function to import data into the GRASS database, ogr is the software
library used to read vector data, and ggis means that the tool will look for a vector from among the vectors
already loaded into QGIS.

* Once you’ve found this tool, click on it to bring up the tool itself:

69,00 s CRASS JTool s SouthAfTica (00es5. Mans ol ——————

{ Modules Tree Modules List Browser

Module: vin.ogr.qgis

Opﬁons Output | Manual |

Loaded layer

Select a layer

Password

Name for output vector map

[ Show advanced options >> |

View output

* Set the loaded layer to roads and its GRASS version’s name to g_roads to prevent confusion.
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0 06 GRASS Tools: SouthAfrica/grass_mapset

Il Modules Tree Modules List Browser
Opﬁons Output | Manual |

Maodule: vin.ogr.ggis

Loaded layer

[ roads

ar

Password

Mame for output vector map

g_roads

| 8how advanced options >>

| Run | View output | Close |

ey
" —

Note: & Note the extra import options provided under Advanced Options. These include the ability to add a
WHERE clause for the SQL query used for importing the data.

¢ Click Run to begin the import.
e When it’s done, click the View output button to see the newly imported GRASS layer in the map.

* Close first the import tool (click the Close button to the immediate right of View output), then close the
GRASS Tools window.

* Remove the original roads layer.

Now you are left with only the imported GRASS layer as displayed in your QGIS map.

12.1.3 ﬂ Follow Along: Loading Raster Data into GRASS
Recall that our DEM is in the Projected CRS UTM 33S / WGS 84, but our GRASS project is in the Geographic
CRS WGS 84. So let’s re-project the DEM first.

e Load the srtm_41_19.tif dataset (found under exercise_data/raster/SRTM/) into the QGIS
map as usual, using QGIS’ Add Raster Layer tool.
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* Re-project it using GDAL Warp tool (Raster — Projections — Warp (Reproject)), setting it up as shown:

8. 0.8 Warp (Repraoject)

[ | Batch mode (for processing whole directory)

Input file 'srtm_41_19 |~ | |

Output file tation/DEM_WGS84 | |

(¥ Source SRS [EPSG:32733 |

 Target SRS [EPSG:4326 |

(v Resampling method | Near

| | No data values 0
[ | Mask layer

[ | Memory used for caching 20MB
|| Resize

Width 3000 . Height 3000

[ | Use multithreaded warping implementation

[V Load into canvas when finished

gdalwarp -5_srs EPSG:A2733 -t_srs EPSG:4326 -r near -of
Tiff /Users/georgeirwin/Deskiop/sites/qgis/QGIS-
Documentation/source/docs/training_manual/exercise_datalra
ster/SATM/srtm_41_19.tif

[Users/georgeirwin/Desktop/sites/agis/QGIS-
AL i oc/agis/

| Help | | Close | [ OK |

» Save the raster under the same folder as the original, but with the file name DEM_WGS84 .tif. Once it
appears in your map, remove the srtm_41_19.tif dataset from your Layers list.

Now that it’s reprojected, you can load it into your GRASS database.
* Open the GRASS Tools dialog again.
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¢ Click on the Modules List tab.
e Search for r.in.gdal.ggis and double click the tool to open the tool’s dialog.
 Set it up so that the input layer is DEM_WGS84 and the output is g_dem.

{ModulesTree | Modules List =~ Browser
':Em Qutput | Manual

Maodule: r.in.gdal.qgis

Loaded layer

[ DEM_WGSB4

Password

Mame for output raster map

|g_dem|

[_Shaw advanced options >> |

| View output |

¢ Click Run.
* When the process is done, click View output.

* Close the current tab, and then Close the whole dialog.
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QGIS 2.0.1-Dufour

DOBRBLDRNS AL HPLAERE & B p8 BE & 0 50 o BY

LI o)
£ B 8 (8 o (% OF 0F AR 6

00 s

Vals o o_roads
LN / W g_demw
@,
Iz
»
@
=)
N7
%
Vol
LS
[ Lovers EEETTD

20.03.34.28.:20.88,33.74 & Coordinate 20.4825,33.9893 Scale 105503 [+ & M Render EPSGi4326 @ |

* You may now remove the original DEM_WGS84 layer.

12.1.4 In Conclusion

The GRASS workflow for ingesting data is somewhat different from the QGIS method because GRASS loads its
data into a spatial database structure. However, by using QGIS as a frontend, you can make the setup of a GRASS
mapset easier by using existing layers in QGIS as data sources for GRASS.

12.1.5 What’s Next?

Now that the data is imported into GRASS, we can look at the advanced analysis operations that GRASS offers.

12.2 Lesson: GRASS Tools

In this lesson we will present a selection of tools to give you an idea of the capabilities of GRASS.

12.2.1 v Follow Along: Set Raster Colors

* Open the GRASS Tools dialog.
* Look for the r.colors. table module by searching for it in the Filter field of the Modules List tab.

* Open the tool and set it up like this:
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[ Modules Tree | Modules List | Browser |1/

: Madule: r.colors.table

l:ﬁm Qutput | Manual

Name of input raster map

| [ g_demw ( g_demw @grass_mapset )

Type of color table

| [ Color palette for Shuttle Radar Topography Mission elevation

When you run the tool, it will recolor your raster:
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|| Coordinate: [ 204154360876 | Scale [1:105593 |- [$| (¥ Render EPSG:4326 (@

12.2.2 o Follow Along: Visualize Data in 3D
GRASS allows you to use a DEM to visualize your data in three dimensions. The tool you’ll use for this operates
on the GRASS Region, which at the moment is set to the whole extent of South Africa, as you set it up before.

* To redefine the extent to cover only our raster dataset, click this button:

When this tool is activated, your cursor will turn into a cross when over the QGIS map canvas.
* Using this tool, click and drag a rectangle around the edges of the GRASS raster.
* Click OK in the GRASS Region Settings dialog when done.

¢ Search for the nviz tool:
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Modules Tree Modules List

Filter |m.-iz

® nviz
e 3D-Viewer (NVIZ)

* Set it up as shown:
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806 - GRASS Tools: SouthAfrica/grass_mapset
[ Modules Tree Modules List =~ Browser

e Qutput | Manual

Module: nviz

Name of raster map(s) for Elevation

[ g_demw ( g_demw @grass_mapset )

MName of raster map(s) for Color

[ g_demw ( g_demw @grass_mapset }

Name of vector lines/areas overlay map(s)

[ g_roads { g_roads @grass_mapset 1 line )

* Remember to enable both Use region of this map buttons to the right of the two raster selection dropdown
menus. This will allow NVIZ to correctly assess the resolution of the rasters.

¢ Click the Run button.

NVIZ will set up a 3D environment using the raster and vector selected. This may take some time, depending on
your hardware. When it’s done, you will see the map rendered in 3D in a new window:
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00680 NviZ

| F.. 4| Appeara... #|| Visua.. $| Script.. 4|

DRAW Il Clear [ Cancel

Automatically render display: [

Show features: | Main features...  : || Decorations... 2|

View method: (&) eye () center () fly none

height Z-exa
(Coerter | £ |dres 9
‘ ] 5633.3 0.0000
top
[ reset | s W
/ L | L i
perspective |15.0 twist |0.0

Kl

New center of view has been set

Experiment with the height, z-exag, and View method settings to change your view of the data. The navigation
methods may take some getting used to.

After experimenting, close the NVIZ window.

12.2.3 y Follow Along: The Mapcalc Tool

* Open the GRASS Tools dialog’s Modules List tab and search for calc.
* From the list of modules, select zmapcalc (not rmapcalculator, which is more basic).

¢ Start the tool.

The Mapcalc dialog allows you to construct a sequence of analyses to be performed on a raster, or collection of
rasters. You will use these tools to do so:

23 = = . '
B i & W= 4
In order, they are:
e Add map: Add a raster file from your current GRASS mapset.
* Add constant value: Add a constant value to be used in functions.

e Add operator or function: Add an operator or function to be connected to inputs and outputs.

* Add connection: Connect elements. Using this tool, click and drag from the red dot on one item to the
red dot on another item. Dots that are correctly connected to a connector line will turn gray. If the line or
dot is red, it is not properly connected!

e Select item: Select an item and move selected items.

Delete selected item: Removes the selected item from the current mapcalc sheet, but not from the
mapset (if it is an existing raster).
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Using these tools:

* Construct the following algorithm:

'Tree\ModulssIJsi\Bmwser_

iﬁi\i‘ﬁi@iﬁﬁ-

Output | altitude_range|

* When you click Run, your output should look like this:
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0 06 GRASS Tools: SouthAfrica/grass_mapset
| Modules Tree ~ Modules List ~ Browser _
Madule: .mapcalc
{ Options Manual |

r.mapcalc "altitude_range = (((g_demw@grass_map: g gl | -1000)))"

Successtully finished
i

| Run | | View output | | Close |

* Click View output to see the output displayed in your map:

000 QIS 2.0.1-Dufour - grass_ map

($ 2L R0PRL AWM & & W ip e BE =0 3o [£ 85

oo (g g e g

R®LC IBURGE MK E N

Browser
20033428 :20.88,33.74 8] Coordinate: 20.1498,33.7427 Scale (11105553 1+ [/  Render EPSGi4326 (@]

This shows all the areas where the terrain is lower than 500 meters or higher than 1000 meters.
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12.2.4 In Conclusion

In this lesson, we have covered only a few of the many tools GRASS offers. To explore the capabilities of GRASS
for yourself, open the GRASS Tools dialog and scroll down the Modules List. Or for a more structured approach,
look under the Modules Tree tab, which organizes tools by type.
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Module: Assessment

Use your own data for this section. You will need:
* a point vector dataset of points of interest, with point names and multiple categories
* aline vector dataset of roads
* apolygon vector dataset of land use (using property boundaries)
* avisual-spectrum image (such as an aerial photograph)

* a DEM (downloadable from this URL if you don’t have your own)

13.1 Create a base map

Before doing any data analysis, you will need a base map, which will provide your analysis result with context.

13.1.1 Add the point layer

¢ Add in the point layer. Based on the level that you’re doing the course at, do only what is listed in the
appropriate section below:

v

 Label the points according to a unique attribute, such as place names. Use a small font and keep the labels
inconspicuous. The information should be available, but shouldn’t be a main feature of the map.

¢ Classify the points themselves into different colors based on a category. For example, categories could

LEINT3

include “tourist destination”, “police station”, and “town center”.

5
¢ Do the same as the i section.

* Classify the point size by importance: the more significant a feature, the larger its point. However, don’t
exceed the point size of 2. 00.

* For features that aren’t located at a single point (for example, provincial/regional names, or town names at
a large scale), don’t assign any point at all.
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* Don’t use point symbols to symbolize the layer at all. Instead, use labels centered over the points; the point
symbols themselves should have no size.

» Use Data defined settings to style the labels into meaningful categories.

* Add appropriate columns to the attribute data if necessary. When doing so, don’t create fictional data -
rather, use the Field Calculator to populate the new columns, based on appropriate existing values in the
dataset.

13.1.2 Add the line layer

* Add the road layer and then change its symbology. Don’t label the roads.

4

¢ Change the road symbology to a light color with a broad line. Make it somewhat transparent as well.

* Create a symbol with multiple symbol layers. The resulting symbol should look like a real road. You can
use a simple symbol for this; for example, a black line with a thin white solid line running down the center.
It can be more elaborate as well, but the resulting map should not look too busy.

* If your dataset has a high density of roads at the scale you want to show the map at, you should have two road
layers: the elaborate road-like symbol, and a simpler symbol at smaller scales. (Use scale-based visibility
to make them switch out at appropriate scales.)

 All symbols should have multiple symbol layers. Use symbols to make them display correctly.

e Do the same asinthe ©  section above.

¢ In addition, roads should be classified. When using realistic road-like symbols, each type of road should
have an appropriate symbol; for example, a highway should appear to have two lanes in either direction.

13.1.3 Add the polygon layer

* Add the land use layer and change its symbology.
v

¢ Classify the layer according to land use. Use solid colors.
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* Classify the layer according to land use. Where appropriate, incorporate symbol layers, different symbol
types, etc. Keep the results looking subdued and uniform, however. Keep in mind that this will be part of a
backdrop!

ELINT3

 Use rule-based classification to classify the land use into general categories, such as “urban”, “rural”, “nature
reserve”, etc.

13.1.4 Create the raster backdrop

 Create a hillshade from the DEM, and use it as an overlay for a classified version of the DEM itself. You
could also use the Relief plugin (as shown in the lesson on plugins).

13.1.5 Finalize the base map

 Using the resources above, create a base map using some or all of the layers. This map should include all
the basic information needed to orient the user, as well as being visually unified / “simple”.

13.2 Analyze the data

* You are looking for a property that satisfies certain criteria.
* You can decide on your own criteria, which you must document.
¢ There are some guidelines for these criteria:
— the target property should be of (a) certain type(s) of land use
— it should be within a given distance from roads, or be crossed by a road

— it should be within a given distance from some category of points, like a hospital for example

1321 O, @

¢ Include raster analysis in your results. Consider at least one derived property of the raster, such as its aspect
or slope.

13.3 Final Map

» Use the Map Composer to create a final map, which incorporates your analysis results.

* Include this map in a document along with your documented criteria. If the map has become too visually
busy due to the added layer(s), deselect the layers which you feel are the least necessary.

* Your map must include a title and a legend.
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CHAPTER 14

Module: Forestry Application

In modules 1 through 13, you have already learned quite a lot about QGIS and how to work with it. If you are
interested in learning about some basic forestry applications of GIS, following this module will give you the ability
to apply what you have learned and will show you some new useful tools.

* X %
* *
* *

European Union
European Regional Development Fund
European Social Fund

The development of this module has been sponsored by the European Union.

14.1 Lesson: Forestry Module Presentation

Following this module about a forestry application requires the knowledge you have learned through the modules
1 to 11 of this training manual. The exercises in the following lessons assume you are already capable of doing
many of the basic operations in QGIS and only tools that have not been used before are presented in more detail.

Nevertheless, the module follows a basic level throughout the lessons so that if you have previous experience with
QGIS, you can probably follow the instructions without problems.

Note that you need to download an additional data package for this module.

14.1.1 Forestry Sample Data

Note: The sample data used in this module can be downloaded here (125 Mb). Download the zip file and extract
the forestry\ folder into your exercise_data\ folder.

The forestry related sample data (forestry map, forest data), has been provided by the EVO-HAMK forestry school.
The datasets have been modified to adapt to the lessons needs.

The general sample data (aerial images, LiDAR data, basic maps) has been obtained from the National Land
Survey of Finland open data service, and adapted for the purposes of the exercises. The open data file download
service can be accessed in English here.

Warning: As for the rest of the training manual, this module includes instructions on adding, deleting
and altering GIS datasets. We have provided training datasets for this purpose. Before using the techniques
described here on your own data, always ensure you have proper backups!
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14.2 Lesson: Georeferencing a Map

A common forestry task would be the update of the information for a forestry area. It is possible that the previous
information for that area dates several years back and was collected analogically (that is, in paper) or perhaps it
was digitized but all you have left is the paper version of that inventory data.

Most likely you would like to use that information in your GIS to, for example, compare later with later inventories.
This means that you will need to digitize the information at hand using your GIS software. But before you can
start the digitizing, there is an important first step to be done, scanning and georeferencing your paper map.

The goal for this lesson: To learn to use the Georeferencer tool in QGIS.

14.2.1 v Scan the map

The first task you will have to do is to scan your map. If your map is too big, then you can scan it in different parts
but keep in mind that you will have to repeat preprocessing and georeferencing tasks for each part. So if possible,
scan the map in as few parts as possible.

If you are going to use a different map that the one provided with this manual, use your own scanner to scan the
map as an image file, a resolution of 300 DPI will do. If your map has colors, scan the image in color so that
you can later use those colors to separate information from your map into different layers (for ex., forest stands,
contour lines, roads...).

For this exercise you will use a previously scanned map, you can find it as raut jarvi_map.tif in the data
folder exercise_data/forestry

14.2.2 . 4 Follow Along: Georeferencing the scanned map

Open QGIS and set the project’s CRS to ETRS89 / ETRS-TM35FIN in Project — Project Properties — CRS,
which is the currently used CRS in Finland. Make sure that Enable ‘on the fly’ CRS transformation is checked,
since we will be working with old data that is another CRS.
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' Project Properties | CRS
® Enable 'on the fly' CRS transformation

Filter | ETRSTM35FIN &

Recently used coordinate reference systems

Coordinate Reference System Authority ID
efault styles ETR589 / ETRSTM35FIN EFSG:3067

I o

,G Macros [ 1 | | [I|I]
#

. Coordinate reference systems of the world Hide deprecated CRSs
= Relations

|Coordinate Reference System Authority ID
E-iH Projected Coordinate Systems
El- Universal Transverse Mercator (L)
- ETRS89 [ ETRS-TM35FIN EP5G:3067

(] e~

Selected CRS: | ETRS89 / ETRSTM3SFIN

+proj=utm +zone=35 +ellps=GRS80 +towgsd4=0,0,0,0,0,0,0 +units=m +no_defs

Save the QGIS project as map_digitizing.qggs.

You will use the georeferencing plugin from QGIS, the plugin is already installed in QGIS. Activate the plugin
using the plugin manager as you have done in previous modules. The plugin is named Georeferencer GDAL.

To georeference the map:
* Open the georeference tool, Raster — Georeferencer — Georeferencer.
e Add the map image file, raut jarvi_map.t1if, as the image to georeferenciate, File — Open raster.

e When prompted find and select the KKJ / Finland zone 2 CRS, it is the CRS that was used in
Finland back in 1994 when this map was created.

* Click OK.
Next you should define the transformation settings for georeferencing the map:
* Open Settings — Transformation settings.

e Click the icon next to the Output raster box, go to the folder and create the folder
exercise_data\forestry\digitizing and name the file as raut jarvi_georef.tif.

* Set the rest of parameters as shown below.
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*""'I Transformation settings

Transformation type: | Linear -
Resampling method: | Mearest neighbour -
Compression: MOME -

Create world file

Cutput raster: datafforestry /digitizing /frautjarvi_gearef. tif
Target SRS EPSG:2392
Generate pdf map:

Generate pdf report:

&) &) & [

Set Target Resolution
Horizontal [ 1, 00000 |%]
vertical | -1.00000 =

Use 0 for transparency when needed
X Load in QGIS when done

* Click OK.

The map contains several cross-hairs marking the coordinates in the map, we will use those to georeferenciate
this image. You can use the zooming and panning tools as you usually do in QGIS to inspect the image in the
Georeferencer’s window.

e Zoom in to the left lower corner of the map and note that there is a cross-hair with a coordinate pair, x and
y, that as mentioned before are in KKJ / Finland zone 2 CRS. You will use this point as the first
ground control point for the georeferencing your map.

* Select the Add point tool and click in the intersection of the cross-hairs (pan and zoom as needed).

* In the Enter map coordinates dialogue write the coordinates that appear in the map (X: 2557000 and Y:
6786000).

* Click OK.

The first coordinate for the georeferencing is now ready.
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Look for other cross-hairs in the black lines image, they are separated 1000 meters from each other both in North
and East direction. You should be able to calculate the coordinates of those points in relation to the first one.

Zoom out in the image and move to the right until you find other cross-hair, and estimate how many kilometres
you have moved. Try to get ground control points as far from each other as possible. Digitize at least three more
ground control points in the same way you did the first one. You should end up with something similar to this:

' Georeferencer - rautjarvi_map.tif Eeam =R g

File Edit WView Settings Help

W > 365 @ 53038 OBL» fie~

e
B

GCP tzble

onjfoff id srk srcf dst¥ dstY d¥[pixels] df [pinels]
x 0 473,10 -4352.93 | 2557000.00 |6786000.00 7.65 4.35
® 4 | 2838.78 -3185.77|2555000.00 |6787000.00 5.58 -7.35
x 5 | 2849.87 -825.55|2559000.00 |6789000.00 -5.51 6.08
x 3 488.49| 81103 255?000.00 -1.73 8.45
(4] | [0

|Translatinn (2.55650e +06, 5.7922e+08) Scale {0.846165, 1.28642) Rotation: 0 Mez ||  3875,-5025 |B y
A

With already three digitized ground control points you will be able to see the georeferencing error as a red line
coming out of the points. The error in pixels can be seen also in the GCP table in the dX[pixels] and dY[pixels]
columns. The error in pixels should not be higher than 10 pixels, if it is you should review the points you have
digitized and the coordinates you have entered to find what the problem is. You can use the image above as a
guide.

Once you are happy with your control points save your ground control points, in case that you will need them
later, and you will:

* File — Save GCP points as....
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e In the folder exercise_data\forestry\digitizing, name the file
rautjarvi_map.tif.points.

Finally, georeference you map:
* File — Start georeferencing.

* Note that you named the file already as raut jarvi_georef.tif when you edited the Georeferencer
settings.

Now you can see the map in QGIS project as a georeferenced raster. Note that the raster seems to be slightly
rotated, but that is simply because the data is KKJ / Finland zone 2 and your project is in ETRS89 /
ETRS-TM35FIN.

To check that your data is properly georeferenced you can open the aerial image in the
exercise_data\forestry folder, named rautjarvi_aerial.tif. Your map and this image
should match quite well. Set the map transparency to 50% and compare it to the aerial image.
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Save the changes to your QGIS project, you will continue from this point for the next lesson.

14.2.3 In Conclusion

As you have seen, georeferencing a paper map is a relatively straight forward operation.

14.2.4 What’s Next?

In the next lesson, you will digitize the forest stands in your map as polygons and add the inventory data to them
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14.3 Lesson: Digitizing Forest Stands

Unless you are going to use your georeferenced map as a simple background image, the next natural step is to
digitize elements from it. You have already done so in the exercises about creating vector data in Lesson: Creating
a New Vector Dataset , when you digitized the school fields. In this lesson, you are going to digitize the forest
stands’ borders that appear in the map as green lines but instead of doing it using an aerial image, you will use
your georeferenced map.

The goal for this lesson: Learn a technique to help the digitizing task, digitizing forest stands and finally adding
the inventory data to them.

14.3.1 i Follow Along: Extracting the Forest Stands Borders

Open your map_digitizing.qggs project in QGIS, that you saved from the previous lesson.

Once you have scanned and georeferenced your map you could start to digitize directly by looking at the image
as a guide. That would most likely be the way to go if the image you are going to digitize from is, for example, an
aerial photograph.

If what you are using to digitize is a good map, as it is in our case, it is likely that the information is clearly
displayed as lines with different colors for each type of element. Those colors can be relatively easy extracted as
individual images using an image processing software like GIMP. Such separate images can be used to assist the
digitizing, as you will see below.

The first step will be to use GIMP to obtain an image that contains only the forest stands, that is, all those greenish
lines that you could see in the original scanned map:

* Open GIMP (if you don’t have it installed yet, download it from the internet or ask your teacher).

* Open the original map image, File —  Open, rautjarvi_map.tif in the
exercise_data/forestry folder. Note that the forest stands are represented as green lines
(with the number of the stand also in green inside each polygon).
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Now you can select the pixels in the image that are making up the forest stands’ borders (the greenish pixels):
* Open the tool Select — By color.

* With the tool active, zoom into the image (Ctrl + mouse wheel) so that a forest stand line is close enough to
differentiate the pixels forming the line. See the left image below.

* Click and drag the mouse cursor in the middle of the line so that the tool will collect several pixel color
values.

* Release the mouse click and wait a few seconds. The pixels matching the colors collected by the tool will
be selected through the whole image.

Zoom out to see how the greenish pixels have been selected throughout the image.

« If you are not happy with the result, repeat the click and drag operation.

Your pixel selection should look something like the right image below.
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Once you are done with the selection you need to copy this selection as a new layer and then save it as separate
image file:

* Copy (Ctr+C) the selected pixels.

* And paste the pixels directly (Ctr+V), GIMP will display the pasted pixels as a new temporary layer in the
Layers - Brushes panel as a Floating Selection (Pasted Layer).

* Right click that temporary layer and select 7o New Layer.

* Click the “eye” icon next to the original image layer to switch it off, so that only the Pasted Layer is visible:

| || Layers - Brushes

File Edit Select View Image Layer Colors Tools Filters Windows Help gil@{l&g
= 1100 i) 1309 1400 i
Mode: Mormal

Fs

[x]
forsce wod |
oce g B

. Pasted Layer

@ L
rautiarvi_map.tif

fame
|p\x' | 100% :] Pasted Layer (251.5 MB)
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* Finally, select File — Export..., set Select File Type (By Extension) as a TIFF image, select the
digitizing folder and name it raut jarvi_map_green.tif. Select no compression when asked.

You could do the same process with other elements in the image, for example extracting the black lines that
represent roads or the brown ones that represent the terrain’ contour lines. But for us, the forest stands is enough.

14.3.2 - Try Yourself Georeference the Green Pixels Image
As you did in the previous lesson, you need to georeference this new image to be able to use it with the rest of
your data.

Note that you don’t need to digitize the ground control points any more because this image is basically the same
image as the original map image, as far as the Georeferencer tool is concerned. Here are some things you should
remember:

» This image is also, of course, in KKJ / Finland zone 2 CRS.

* You should use the ground control points you saved, File — Load GCP points.

¢ Remember to review the Transformation settings.

* Name the output raster as raut jarvi_green_georef.tif inthe digitizing folder.

Check that the new raster is fitting nicely with the original map.

14.3.3 V‘ Follow Along: Creating Supporting Points for Digitizing

Having in mind the digitizing tools in QGIS, you might already be thinking that it would be helpful to snap to those
green pixels while digitizing. That is precisely what you are going to do next create points from those pixels to
use them later to help you follow the forest stands’ borders when digitizing, by using the snapping tools available
in QGIS.

* Use the Raster — Conversion — Polygonize (Raster to Vector) tool to vectorize your green lines to polygons.
If you don’t remember how, you can review it in Lesson: Raster to Vector Conversion.

e Save as raut jarvi_green_polygon. shp inside the digitizing folder.

Zoom in and see what the polygons look like. You will get something like this:
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Next one option to get points out of those polygons is to get their centroids:
* Open Vector — Geometry tools — Polygon centroids.
* Set the polygon layer you just got as the input file for the tool.

* Name the output as green_centroids. shp inside the digitizing folder.

Check Add result to canvas.

* Run the tool to calculate the centroids for the polygons.
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Now you can remove the rautjarvi_green_polygon layer from the TOC.
Change the symbology of the centroids layer as:

* Open the Layer Properties for green_centroids.

* Go to the Style tab.

* Set the Unit to Map unit.

* Set the Size to 1.

It is not necessary to differentiate points from each other, you just need them to be there for the snapping tools to
use them. You can use those points now to follow the original lines much easily than without them.

14.3.4 ‘i Follow Along: Digitize the Forest Stands

Now you are ready to start with the actual digitizing work. You would start by creating a vector file of polygon
type, but for this exercise, there is a shapefile with part of the area of interest already digitized. You will just finish
digitizing the half of the forest stands that are left between the main roads (wide pink lines) and the lake:
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* Gotothe digitizing folder using your file manager browser.
* Drag and drop the forest_stands. shp vector file to your map.
Change the new layer’s symbology so that it will be easier to see what polygons have already been digitized:
* The filling of the polygon to green.
 The polygons’ borders to 1 mm.
¢ and set the transparency to 50%.
Now, if you remember past modules, we have to set up and activate the snapping options:

* Go to Settings — Snapping options....
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Activate the snapping the green_centroids and the forest_stands layers.
Set their Tolerance to 5 map units.
Check the Avoid Int. box for the forest_stands layer.

Check Enable topological editing.

Click Apply.
iyl Snapping options @
Layer Mode Tolerance | Units | Avoid Int, |
X green_centroids to vertex v E map units | |.B.-n:|id intersections of new polygons
X forest_stands to vertex >|5 map units |+ %
% Enable topological editing Enable snapping on intersection Cancel Apply

With these snapping settings, whenever you are digitizing and get close enough to one of the points in the centroids
layer or any vertex of your digitized polygons, a pink cross will appear on the point that will be snapped to.

Finally, turn off the visibility of all the layers except forest_stands and raut jarvi_georef. Make sure
that the map image has not transparency any more.

A couple of important things to note before you start digitizing:

Don’t try to be too accurate with the digitizing of the borders.

If a border is a straight line, digitize it with just two nodes. In general, digitize using as few nodes as
possible.

Zoom in to close ranges only if you feel that you need to be accurate, for example, at some corners or when
you want a polygon to connect with another polygon at a certain node.

Use the mouse’s middle button to zoom in/out and to pan as you digitize.
Digitize only one polygon at a time.

After digitizing one polygon, write the forest stand id that you can see from the map.

Now you can start digitizing:

Locate the forest stand number 357 in the map window.
Enable editing for the forest_stands. shp layer.

Select the Add feature tool.

Start digitizing the stand 357 by connecting some of the dots.

Note the pink crosses indicating the snapping.
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* When you are done, right click to end digitizing that polygon.
¢ Enter the forest stand id (in this case 357).

* Click OK.

If you were not prompted for the polygon id when you finished digitizing it, go to Settings — Options —
Digitizing and make sure that the Suppress attribute form pop-up after feature creation is not checked.

Your digitized polygon will look like this:
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Now for the second polygon, pick up the stand number 358. Make sure that the Avoid int. is checked for the
forest_stands layer. This option does not allow intersecting polygons at digitizing, so that if you digitize
over an existing polygon, the new polygon will be trimmed to meet the border of the already existing polygons.
You can use this characteristic to automatically obtain a common border.

Begin digitizing the stand 358 at one of the common corners with the stand 357.
Then continue normally until you get to the other common corner for both stands.

Finally, digitize a few points inside polygon 357 making sure that the common border is not intersected.
See left image below.

Right click to finish editing the forest stand 358.
Enter the 1d as 358.

Click OK, your new polygon should show a common border with the stand 357 as you can seen in the image
on the right.

14.3.

Lesson: Digitizing Forest Stands 321



QGIS Training Manual, Release 2.6

The part of the polygon that was overlapping the existing polygon has been automatically trimmed out and you
are left with a common border, as you intended it to be.

14.3.5 e Try Yourself Finish Digitizing the Forest Stands
Now you have two forest stands ready. And a good idea on how to proceed. Continue digitizing on your own until
you have digitized all the forest stands that are limited by the main road and the lake.

It might look like a lot of work, but you will soon get used to digitizing the forest stands. It should take you about
15 minutes.

During the digitizing you might need to edit or delete nodes, split or merge polygons. You learned about the
necessary tools in Lesson: Feature Topology, now is probably a good moment to go read about them again.

Remember that having Enable topological editing activated, allows you to move nodes common to two polygons
so that the common border is edited at the same time for both polygons.

Your result will look like this:

322 Chapter 14. Module: Forestry Application



QGIS Training Manual, Release 2.6

WA
A 4

ﬁu

NG
B

Bl

Ty

I[r

14.3.6 0 Follow Along: Joining the Forest Stand Data

It is possible that the forest inventory data you have for you map is also written in paper. In that case, you would
have to first write that data to a text file or a spreadsheet. For this exercise, the information from the inventory for
1994 (the same inventory as the map) is ready as a comma separated text (csv) file.

Open the raut jarvi_1994.csv file from the exercise_data\forestry directory in a text editor and
note that the inventory data file has an attribute called ID that has the numbers of the forest stands. Those
numbers are the same as the forest stands ids you have entered for your polygons and can be used to link
the data from the text file to your vector file. You can see the metadata for this inventory data in the file
rautjarvi_1994_legend.txt in the same folder.

e Open the . csv in QGIS with the Layer — Add Delimited Text Layer... tool. In the dialog, set it as follows:

14.3. Lesson: Digitizing Forest Stands 323



QGIS Training Manual, Release 2.6

P

7 Createa Layer from a Delimited Text File @
File Name | C:/qais_forestryfexercise_data/forestry frautjarvi_1994.csv Browse...
Layer name | rautjarvi_1994 Encoding | LTF-8 -
File format ® (C5Y (comma separated values) Custom delimiters Reqgular expression delimiter
Record options Number of header lines to discard | 0 + | %/ First record has field names
Field options Trim figlds Discard empty fields Dedmal separator is comma
Geometry definition Point coordinates Well known text (WKT) @ No geometry (attribute only table)
Layer settings [[] Use spatial index Use subset index Watch file

3 |336 |4 50 o] 0 a 1 a @

To add the data from the . csv file:
* Open the Layer Properties for the forest_stands layer.

¢ Go to the Joins tab.

Click the plus sign on the bottom of the dialog box.

e Select raut jarvi_1994.csv as the Join layer and ID as the Join field.
* Make sure that the Target field is also set to id.

* Click OK two times.

The data from the text file should be now linked to your vector file. To see what has happened, open the attribute
table for the forest_stands layer. You can see that all the attributes from the inventory data file are now
linked to your digitized vector layer.

14.3.7 y Try Yourself Renaming Attribute Names and Adding Area and
Perimeter

The data from the . csv file is just linked to your vector file. To make this link permanent, so that the data is
actually recorded to the vector file you need to save the forest_stands layer as a new vector file. Close the
attribute table and right click the forest_stands layer to save it as forest_stands_1994. shp.

Open your new forest_stands_1994. shp in your map if you did not added yet. Then open the attribute
table. You notice that the names of the columns that you just added are no very useful. To solve this:

* Add the plugin Table Manager as you have done with other plugins before.
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* Make sure the plugin is activated.

In the TOC select the layer forest_stands_1994. shp.

* Then, go to Vector — Table Manager — Table manager.

Use the dialogue box to edit the names of the columns to match the ones in the . csv file.

it

7| Table Manager: forest_stands_1994
Fields Table preview
] MName | Type | é& Move Up
1|ID §5tfi”9 S Move Down
; Hab EI”tEQEF . #| Rename
; legtrmg .......... .
oo s | [Siraen
5 o o 3 done
6 | Vol éInteger
? Mamgp ............................. Integer ........
; Mamperc .......................... Integer ........
[:] | .l Save | ‘_'j S.aveas...‘
y

* Click on Save.
* Select Yes to keep the layer style.
* Close the Table Manager dialogue.

To finish gathering the information related to these forest stands, you might calculate the area and the perimeter
of the stands. You calculated areas for polygons in Lesson: Supplementary Exercise. Go back to that lesson if you
need to and calculate the areas for the forest stands, name the new attribute Area and make sure that the values
calculated are in hectares.

Now your forest_stands_1994. shp layer is ready and packed with all the available information.

Save your project to keep the current map presentation in case you need to come back later to it.
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14.3.8 In Conclusion

It has taken a few clicks of the mouse but you now have your old inventory data in digital format and ready for
use in QGIS.

14.3.9 What’s Next?

You could start doing different analysis with your brand new dataset, but you might be more interested in perform-
ing analysis in a dataset more up to date. The topic of the next lesson will be the creation of forest stands using
current aerial photos and the addition of some relevant information to your dataset.

14.4 Lesson: Updating Forest Stands

Now that you have digitized the information from the old inventory maps and added the corresponding information
to the forest stands, the next step would be to create the inventory of the current state of the forest.

You will digitize new forest stands from scratch following an aerial photo from that forest area. The forestry map
you digitized in the previous lesson was created from an aerial Color Infrared (CIR) photograph. This type of
imagery, where the infrared light is recorded instead of the blue light, are widely used to study vegetated areas.
You will also use a CIR photograph in this lesson.

After digitizing the forest stands, you will add information such as new constraints given by conservation regula-
tions.

The goal for this lesson: To digitize a new set of forest stands from CIR aerial photographs and add information
from other data-sets.

14.4.1 v Comparing the Old Forest Stands to Current Aerial Photographs

The National Land Survey of Finland has an open data policy that allows you downloading a variety of geograph-
ical data like aerial imagery, traditional topographic maps, DEM, LiDAR data, etc. The service can be accessed
also in English here. The aerial image used in this exercise has been created from two orthorectified CIR images
downloaded from that service (M4134F_21062012 and M4143E_21062012).

* Open QGIS and set the project’s CRS to ETRS89 / ETRS-TM35FIN in Project — Project Properties
— CRS.

¢ Make sure that Enable ‘on the fly’ CRS transformation is checked.

e From the exercise_data\forestry\ folder, add the CIR image raut jarvi_aerial.tif that
is containing the digitized lakes.

* Then save the QGIS project as digitizing_2012.ggs.

The CIR images are from 2012. You can compare the stands that were created in 1994 with the situation almost
20 years later.

e Add your forest_stands_1994. shp layer.
* Set its styling so that you can see through your polygons.

* Review how the old forest stands follow (or not) what you might visually interpret as an homogeneous
forest.

Zoom and pan around the area. You probably will notice that some of the old forest stands might be still corre-
sponding with the image but others are not.

This is a normal situation, as some 20 years have passed by and different forest operations have been done (har-
vesting, thinning...). It is also possible that the forest stands looked homogeneous back in 1992 to the person who
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digitized them but as time has passed some forest has developed in different ways. Or simply the priorities for the
forest inventory were different that they are today.

Next, you will create new forest stands for this image without using the old ones. Later you can compare them to
see the differences.

14.4.2 v Interpreting the CIR Image

Let’s digitize the same area that was covered by the old inventory, limited by the roads and the lake. You don’t
have to digitize the whole area, as in the previous exercise you can start with a vector file that already contains
most of the forest stands.

* Remove the forest_stands_1994. shp layer.
* Addthe forest_stands_2012. shp layer, located in the exercise_data\forestry\ folder.

* Set the styling of this layer so that the polygons have no fill and the borders are visible.
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You can see that a region to the North of the inventory area is still missing. That will be your task, digitizing the
missing forest stands.

But before you start, spend some time reviewing the forest stands already digitized and the corresponding forest
in the image. Try to get an idea about how the stands borders are decided, it helps if you have some forestry
knowledge.

Some ideas about what you could identify from the images:

* What forests are deciduous species (in Finland mostly birch forests) and which ones are conifers (in this
region pine or spruce). In CIR images, deciduous species will often come as bright red color whereas
conifers present dark green colors.

* When a forest stand age changes, by looking at the sizes of the tree crowns that can be identified in the
imagery.

» The different forest stands’ densities, for example forest stand were a thinning operation has recently been
done would clearly show spaces between the tree crowns and should be easy to differentiate from other
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forest stands around it.

* Blueish areas indicate barren terrain, roads and urban areas, crops that have not started to grow etc.

* Don’t use zooms too close to the image when trying to identify forest stands. A scale between 1:3 000 and
1: 5 000 should be enough for this imagery. See the image below (1 : 4 000 scale):

14.4.3 0 Try Yourself Digitizing Forest Stands from CIR Imagery

When digitizing the forest stands, you should try to get forest areas that are as homogeneous as possible in terms
of tree species, forest age, stand density... Don’t be too detailed though, or you will end up making hundreds of
small forest stands that would not be useful at all. You should try to get stands that are meaningful in the context
of forestry, not too small (at least 0.5 ha) but not too big either (no more than 3 ha).

With this indications in mind, you can now digitize the missing forest stands.
 Enable editing for forest_stands_2012. shp.
* Set up the snapping and topology options as in the image.

* Remember to click Apply or OK.
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."" Snapping optiens
\:I Layer / |Mode Tolerance | Units Avoid Int. |
X forest_stands_2012 ito vertex iv 5 map units |+ 3%
% Enable topological editing Enable snapping on intersection Cancel Apply

Start digitizing as you did in the previous lesson, with the only difference that you don’t have any point layer
that you are snapping to. For this area you should get around 14 new forest stands. While digitizing, fill in the
Stand_id field with numbers starting at 901.

When you are finished your layer should look something like:

Now you have a new set of polygons defining the different forest stands for the current situation as can interpreted
from the CIR images. But you are obviously still missing the forest inventory data, right? For that you will still
need to visit the forest and get some sample data that you will use to estimate the forest attributes for each of the
forest stands. You will see how to do that in the next lesson.
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For the moment, you still can improve your vector layer with some extra information that you have about conser-
vation regulation that should be taken into account for this area.

.

14.4.4 - Follow Along: Updating Forest Stands with Conservation Informa-
tion

For the area you are working with, it has been researched that the following conservation regulations must be

taken into account while doing the forest planning:

» Two locations of a protected species of Siberian flying squirrel (Pteromys volans) have been identified.
According to the regulation, an area of 15 meters around the spots must be left untouched.

* A riparian forest of special interest growing along a stream in the area must be protected. In a visit to the
field, it was found that 20 meters to both sides of the stream must be protected.

You have one vector file containing the information about the squirrel locations and another containing the digi-
tized stream running in the North area towards the lake. From the exercise_data\forestry\ folder, add
the vector files squirrel.shp and stream. shp.

For the protection of the squirrels locations, you are going to add a new attribute (column) to your new forest
stands that will contain information about point locations that have to be protected. That information will later be
available whenever a forest operation is planned, and the field team will be able to mark the area that has to be left
untouched before the work starts.

* Open the attribute table for the squirrel layer.

* You can see that there are two locations that are defined as Siberian flying squirrel, and that the area to be
protected is indicated by a distance of 15 meters from the locations.

To join the information about the squirrels to your forest stands, you can use the Join attributes by location:
* Open Vector — Data Management Tools — Join attributes by location.
* Setthe forest_stands_2012. shp layer as the Target vector layer.
* As Join vector layer select the squirrel . shp point layer.
* Name the output file as stands_squirrel. shp.

* In Output table select Keep all records (including non-matching target records). So that you keep all the
forest stands in the layer instead of only keeping those that are spatially related to the squirrel locations.

¢ Click OK.
 Select Yes when prompted to add the layer to the TOC.

* Close the dialogue box.

14.4. Lesson: Updating Forest Stands 331



QGIS Training Manual, Release 2.6

7' Join attributes by location

Target vector layer
forest_stands_2012 -

Join vector layer

forest_stands_2012 -

Attribute Summary

® Take attributes of first located feature
Take summary of intersecting features

M Mean [ IMin [IMax []sum [ ] Median

Qutput Shapefile
Browse
QOutput table

Only keep matching records
® Keep all records (incuding non-matching target records)

I 0% | | oK Close

A

Now you have a new forest stands layer, stands_squirrel where there are new attributes corresponding to
the protection information related to the Siberian flying squirrel.

Open the table of the new layer and order it so that the forest stands with information for the Protection attribute
are on top. You should have now two forest stands where the squirrel has been located:
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Although this information might be enough, look at what areas related to the squirrels should be protected. You
know that you have to leave a buffer of 15 meters around the squirrels location:

* Open Vector — Geoprocessing Tools — Buffer.
* Make a buffer of 15 meters for the squirrel layer.

e Name the result squirrel_15m. shp.
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You will notice that if you zoom in to the location in the Northern part of the area, the buffer area extends to
the neighbouring stand as well. This means that whenever a forest operation would take place in that stand, the
protected location should also be taken into account.
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From your previous analysis, you did not get that stand to register information about the protection status. To
solve this problem:

 Run the Join attributes by location tool again.
* But this time use the squirrel_15m layer as join layer.

* Name the output file as stands_squirrel_15m. shp.
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Open the attribute table for the this new layer and note that now you have three forest stands that have the infor-
mation about the protection locations. The information in the forest stands data will indicate to the forest manager
that there are protection considerations to be taken into account. Then he or she can get the location from the
squirrel dataset, and visit the area to mark the corresponding buffer around the location so that the operators
in the field can avoid disturbing the squirrels environment.

14.4.5 ‘J Try Yourself Updating Forest Stands with Distance to the Stream

Following the same approach as indicated for the protected squirrel locations you can now update your forest
stands with protection information related to the stream identified in the field:

¢ Remember that the buffer in this case is 20 meters around it.

336 Chapter 14. Module: Forestry Application



QGIS Training Manual, Release 2.6

* You want to have all the protection information in the same vector file, so use the
stands_squirrel_15m layer as the target.

* Name your output as forest_stands_2012_protect.shp.

Open the attributes table for the new vector layer and confirm that you now have all the protection information for
the stands that are affected by the protection measures to protect the riparian forest associated with the stream.

Save your QGIS project.

14.4.6 In Conclusion

You have seen how to interpret CIR images to digitize forest stands. Of course it would take some practice to
make more accurate stands and usually using other information like soil maps would give better results, but you
know now the basis for this type of task. And adding information from other datasets resulted to be quite a trivial
task.

14.4.7 What’s Next?

The forest stands you digitized will be used for planning forestry operations in the future, but you still need to get
more information about the forest. In the next lesson, you will see how to plan a set of sampling plots to inventory
the forest area you just digitized, and get the overall estimate of forest parameters.

14.5 Lesson: Systematic Sampling Design

You have already digitized a set of polygons that represent the forest stands, but you don’t have information about
the forest just yet. For that purpose you can design a survey to inventory the whole forest area and then estimate
its parameters. In this lesson you will create a systematic set of sampling plots.

When you start planning your forest inventory it is important to clearly define the objectives, the types of sample
plots that will be used, and the data that will be collected to achieve the objectives. For each individual case, those
will depend on the type of forest and the management purpose; and should be carefully planned by someone with
forestry knowledge. In this lesson, you will implement a theoretical inventory based on a systematic sampling plot
design.

The goal for this lesson: To create a systematic sampling plot design to survey the forest area.

14.5.1 Inventorying the Forest

There are several methods to inventory forests, each of them suiting different purposes and conditions. For exam-
ple, one very accurate way to inventory a forest (if you consider only tree species) would be to visit the forest and
make a list of every tree and their characteristics. As you can imagine this is not commonly applicable except for
some small areas or some special situations.

The most common way to find out about a forest is by sampling it, that is, taking measurements in different
locations at the forest and generalizing that information to the whole forest. These measurements are often made
in sample plots that are smaller forest areas that can be easily measured. The sample plots can be of any size
(for ex. 50 m2, 0.5 ha) and form (for ex. circular, rectangular, variable size), and can be located in the forest in
different ways (for ex. randomly, systematically, along lines). The size, form and location of the sample plots are
usually decided following statistical, economical and practical considerations. If you have no forestry knowledge,
you might be interested in reading this Wikipedia article.
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14.5.2 i Follow Along: Implementing a Systematic Sampling Plot Design

For the forest you are working with, the manager has decided that a systematic sampling design is the most
appropriate for this forest and has decided that a fixed distance of 80 meters between the sample plots and sampling
lines will yield reliable results (for this case, +- 5% average error at a probability of 68%). Variable size plots has
been decided to be the most effective method for this inventory, for growing and mature stands, but a 4 meters
fixed radius plots will be used for seedling stands.

In practice, you simply need to represented the sample plots as points that will be used by the field teams later:
e Openyourdigitizing_2012.ggs project from the previous lesson.
* Remove all the layers except for forest_stands_2012.
 Save your project now as forest_inventory.qgs
Now you need to create a rectangular grid of points separated 80 meters from each other:
* Open Vector — Research Tools — Regular points.
¢ In the Area definitions select Input Boundary Layer.
* And as input layer set the forest_stands_2012 layer.
¢ In the Grid Spacing settings, select Use this point spacing and set it to 80.
» Save the output as systematic_plots.shpinthe forestry\sampling\ folder.
* Check Add result to canvas.

* Click OK.

Note: The suggested Regular points creates the systematic points starting in the corner upper-left corner of the
extent of the selected polygon layer. If you want to add some randomness to this regular points, you could use

a randomly calculated number between 0 and 80 (80 is the distance between our points), and then write it as the
Initial inset from corner (LH side) parameter in the tool’s dialog.

You notice that the tool has used the whole extent of your stands layer to generate a rectangular grid of points. But
you are only interested on those points that are actually inside your forest area (see the images below):
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* Open Vector — Geoprocessing Tools — Clip.

e Select systematic_plots as Input vector layer.
e Set forest_stands_2012 as the Clip layer.

» Save the result as systematic_plots_clip.shp.

Check Add result to canvas.
¢ Click OK.

You have now the points that the field teams will use to navigate to the designed sample plots locations. You
can still prepare these points so that they are more useful for the field work. At the least you will have to add
meaningful names for the points and export them to a format that can be used in their GPS devices.

Lets start with the naming of the sample plots. If you check the Attribute table for the plots inside the forest area,
you can see that you have the default id field automatically generated by the Regular points tool. Label the points
to see them in the map and consider if you could use those numbers as part of your sample plot naming:

* Open the Layer Properties —> Labels for your systematic_plots_clip.
¢ Check Label this layer with and select the field ID.

* Go to the Buffer options and check the Draw text buffer, set the Size to 1.

¢ Click OK.

Now look at the labels on your map. You can see that the points have been created and numbered first West to
East and then North to South. If you look at the attrib