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1.1 00

111 00

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.

QGISO PostgreSQL O PostGISO OO 500000000000 O0O0OCOOOO0OOOOOCOOO0OOOO0DOAO0
boboobooboboooobooboboooooboboooooooboboooooobOobooo
gooooooboobobooooobobooooogooboobobooooboboboooboobDobDobO
oooo

112 00000

@080

The Free Quantum GIS Training Manual by Linfiniti Consulting CC. is based on an earlier version from Linfiniti
and is licensed under a Creative Commons Attribution 4.0 International. Permissions beyond the scope of this
license may be available at below.

gooobooooooobooooooobooboooooboboooooboooooooboooooboonn QGIS
gboboooobooboobooboooooboobobooooobobooboobobooboooboOoboOoobo
ooooobooooboboooobooooooboooog

 JbO0ooboboboobobboobobuobboooobobobboobobooboboboan
obooobOooooooboooon

- J000DOO0OOODOOOODOODOODOODOODOODOODOOOODOODOOOODODOO

 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)



http://linfiniti.com/dla
http://creativecommons.org/licenses/by/4.0/
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- J00000DOOOOOOOOOOOOOOO00ODOO0ODOOOOOOODOOOODOOODOOODOO
oooobooogo

- J0000000CODO0OO0ODOOO0ODOOO0COODOODOO  Translated by Joe Bloggs” OO OO OO O
obooooOobooooobobooooooboooo

- J00O0O0OO0ODOOODOOODOOOODOOODOOODOODOOOODOOOOOOODOODbOOOODOO
oooobooboooooboooboooooo

O0O0O: DO000000 MegaCorpO OO OOOOOOOOoOO

- J0000000CODOOOOODOOODOOO0OOODbOO0O0O00o office@linfiniticomO00000O0O
oobooboobobooobooboobooboooboooooooooooooooooboooboooobonn
uoooboooooo

* 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.

113 00000000

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.
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e Rdiger Thiede (rudi @linfiniti.com) - Rudi 0 QGISO OO PostGISO D D DD ODOODOOODOODOOO

e Tim Sutton (tim@linfiniti.com) - Tm 0O 00000000 OOOO0OO PostgreSQL O PostGIS O O
000000000000 TmOO0OO0ODO0OD0O0D0O0ODO0ODO0ODO0ODO0ODOO sphinxkO0O0O00OOOO
ooooo

* Horst Dster (horst.duester @kappasys.ch ) -Horst O [ PostgreSQL 0 PostGISO O OO OO OO

e Marcelle Sutton (marcelle @linfiniti.com) - Marcelle 0 0 0 0000000 0O0O0OOOOOOOOOGO
0o0o00bOoobooooooaon

115 0000000000 d

gbooooobooog

116 00000

* Cape Peninsula University of Technology
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117 000

ood: goooobooO0oobOoboo0obOooOoobOooDooboOooooobooan:
http://qgis.org/downloads/data/training_manual_exercise_data.zip

goooboobo0oO0ooOOobOooOoOooboOoOooOoooboUooOOobDOobObOooDobDooooDo
* OpenStreetMap (http://www.openstreetmap.org/) 000000000000 O0O
* 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/)

118 J0OOOODODO

You can always obtain the latest version of this document by visiting the online version which is part of the QGIS
documentation website (http://docs.qgis.org).

O 00O : There are links to online and PDF versions of the Documentation and Training manuals.

Tim Sutton, May 2012

1.2 00000000

0000000000 DO0000O00DO0O0b0bO000O00D00g SwellendamOOOD0OOOOOOOD
OO0 Swellendam OO0 0000000000000 0O0DOD2000000000000000D0O0DD
goooooboooobooboooobooboooooo

ooboooobooooboooboboooooobooobooooboooboooooooooboooboobooooonn
obobooooboboooooboboooooboobooooooobooboobooboboooboOoDboOobn
gooo3gbooooboo7200000000000000000000DOO00O0OOOOOODOOODOAO
gbobooboboooobooooobooooboobooooboooooboooo

ugbb: goboobooobboboboobgobogboobooobboooboobaoabaanood
Oo0bDoOoooooooaGISOooooooooboooooboooooooooboooooooooD
g

googoboobooobooboobooobboobbooobobooobooboobooboobooooboo
gbooobooboobooobgb

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

1.2.1 & Try Yourself

gobO: JbooooooqQaGistuonbouoboobobouooooboobooboooooobooooDn
ooooogo

oooooooooobooboo0ooooooooobooOobO0O0obO0ooUoOooooooDDOOOb0OQGISD
gboboobobooboobooboobooboobobobooboobooboobooboboobbon
goooboooooboooobobooooooobo@uoboooboooO)ooboboobooobooDbo
ooood

- QGISOO00O0DODOOO
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¢ 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.

- J000D00000D0.esmOOO000O00O0O0 OkOOOOOOODOO

() From map canvas

From layer
) ye
@ Manual

Dutput file

'exercise data/osm_data.osm

[ Close ] [ oK

* Add Vector Layer 0000000 .osmOO000000D00O0O0O0D0O00OOCODOOOOOOOO Al
filesOODO0OOOOQGISOOOODOOOODDO&OOOOOODODODOOODDOO

- J000ODO0ODOODOO exceptthe other_relations O multilinestringslayer: 0000
Oooooooooog

4 Chapter1. OO0 0O00O0OO0O0OOOO
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1808 .. 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

| Select All |

goooosMOOobOOoOoOOobOOoOooOobOOo 4000000000000 @CWOOOOODOOOOODOO
oooooo0oooobO/c00o0ooooooobooooooon)

)
o
kL U.m

. . Qs < basic .
BEODRNS AL APLLALRE & G B bE BE =0 5= [ BW
BRRBA B8 S@ASI BB @8

o0 Layers
» @ © multipolygons

» ™V lines

» & : points

LS EHBINSARS 80

| Scale 126,314 '+ | ¥ Render EPSG:4326 (@) y

8 object(s) removed. There is a plugin update available || Coordinate: | 20.3757,-34.0001

bobooboobooboobooboboobooboobooooobooboboboobooboboobooboobo
ooooogooooo

« 000 multipolygons 0O 0OOODOOOOOOODOOODOOODOODOODODOODOODO

* General 0O OO0 QueryBuilder 0000000 Querybuilder 00000000000
000o0oo0oDo0o00ooooOoO000boOo0oooooobOoOoO0O0300Do0oDoDoD0O0ooDoDa:

* building

e :kbd:‘natural‘ (0 0,00)

e landuse

12. 00000000 5



QGIS Training Manual, D000 2.8

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.

gobOoobooooboooboobooobooooboooboooobooooboooooboooooOooobooOooon
oboboobOoomoobooboobooboooooo

* 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:

& Layer Properties - multipolygons | General

& General ¥ Layer info

W Style Layer name |multip0\vgons | displayed as multipolygons

€3 Labels = TS -y ' ' Query Builder

multipolygons
Fields

5 Fields

Values

435;'/ Rendering

barrier

v
@ Display boundary
r;‘.(;‘) Actions craft
4 geological
¢ Joins historic

land_area

=2 Diagrams Iand;se - =
) o | Sample | All

f; Metadata 5 paam mandn Use unfiltered layer

¥ Operators

[ = [ < |[ > |[ uke |[ % |[ IN |[ NOTIN |
|' i+

<= |[ >= |[ 1= |[ wKke |[ AND |[ OR |[ NOT |

Provider specific filter expression

"building” 1= "NULL

(el | [0

| Help | | Test | | Clear |

| Query Builder |
[ Load Style ... | | Save As Default | | Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | | OK |

e OkO0DOIDOO0ODOODODOOODODOODOODODOODODOODOOODODODODODODOODO
OO000oo0o00oooo0oooo0oooooooooooooooooooooog
* Right-click the multipolygons layer and select Save As...

« J00U0DODODO ESRI shapefileJ00OOD0OODOOODOYpsgd326” 00 000OO0OOOOODO
O exercise_data 00000000000 O0O0O0ODOOO

« 00O NoSymbology DO 0 OO0DOOUOODOO0ODOOO@MUODOODOOODOODOOODO)O
* You can also select Add saved file to map.

buildings 1 0000000000000 0OD00DO0ODO natural landuseO00000000OO0O0OO
obooobooooooon

6 Chapter1. 0000000000000
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O multipolygons 0 0 0 0 O ( Layer properties 0000 00000O)

goo: 00oo0oooboooon
obooooobooooooboon

999

e natural: “natural = ‘water
e landuse: “landuse != ‘NULL”

OO00000D0O0000Oepsgd326 000 00000O0D0DOO exercise_dataODOODOOOOD
00000000000 (0000 water”0 "landuse”)]

U000 linesUO points 0000000000000 O0OOODODOOOODOOOODOODOOOO
oooo

* lines: “highway != ‘NULL"” to roads, and “waterway != ‘NULL” to rivers
* points: “place != ‘NULL” to places

U00000000000000D000 multipolygons O linesD points 100000000000 OOO
oooo

0000000000000000000000000@O00000000000000000000
ooooo)o

S 888FNARsS a0

T erowser
in update available  Coordinate: 20.5141,-34.0173 Scale (126,314 |+ & M Render EPSG:4326 @ y

Ready

ooooooOoooo0oooooooedbobOOoOODOOOOOODOOODDOODOOODOOOOD
gooooga

O0000000000000000D00 landuseOD0OD0O0ODO spatialite 00 000000000000
* landuse U0 0000O00OO0O0O0 OOODOODOO..O000000O0

- 000000000 SpatialLite 00000 7epsgd326” 000000000 landuse0DOODO0O0O
oooobooo

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

1.2.2 & Try Yourself SRTMDEM tiff OO 00O OO

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.

12. 00000000 7
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SRTM DEM O CGIAR-CGI: http://srtm.csi.cgiarorg/ OO0 O OO OO0O0OO0OOO
goooOoOoOoOoOOODOODOOOODOOOODOODODODODDOO

O000000000000D000D0QO raster/ SRTM/”’0000000000O0O ”exercise_data” 00000
gbooooooboobono

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).

gboboobobooooboooobooboon:

8 Chapter1. OO0 0O000O0O0OO0OOO


http://srtm.csi.cgiar.org/

QGIS Training Manual, D OO0 2.8

1.2.3 iTry Yourself 000000000

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.

gbooobooooboobooooboooon:

* majorUrbanName: JO0O00OD0OOO0DODO”Swellendam” 0000000000000 D0DOCODOO0O
googod

e schoolAreaTypel: D0 O0DOD00OOOO athletics field” D0 000000000000 ODOOO
oooobooobooog

* largeLandUseArea: 0000000 OO ”Bontebok National Park” 0 0 0 00000000000
gboooboobooboobooa

e srtmFileName: UOOOO00O000 srtm_41_19.tifO000O0OSRTMDEMOOOOOOOO0O
ooooboooooogon

e localCRs:00O0O0OO0O0O0O0 wGs 84 / UIM 34sU000000000O000OO0O0O0O0DOOGODOO
OcRSOOOO0OO0OOO0ODOOOO0O0

12. 00000000 9






Chapter 2

Module: U1 U000 OO O

2.1 Lesson: 0 OO0

gobooooooooo!'ooboQaIStoobooobooboooobooo,oboobooboobon.
ooQGISOooooooooooo,booooobooooobobobO.b0obb00oooUoUUUOo
oo, 000b0oo0oogobobooooQeISboboooooooooooboooooobooo.
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2.2.1 ‘} Follow Along: OO OO OO

« QGISOODOO0OO0O0DOOOOOOODbOOOOODbOOn

* Look for the Add Vector Layer button: :v;
- J00000DODOU0DODOOUOODOOOODO

feX:X:} Qcis

D DRSPS LLHRPL BRG] B
: e | @File  (Directory ) Database O Protocol
./ B 0 B /& s> = F B B Encodling [ Sysiem ol
Y) o
i e sour
'ﬂ Dataset | Browse
9, Help Cancel
VA
%
Vi
IO browser |
& Coordinate: 0.39505,0.94485 Scale (13,285 |v) &/ Render £PSG: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.

gboooooboooooboboooooboooboobooooboobobooooboobooooDooo

¢ Click on the Save As button: i

» Save the map under exercise_data/ and callit basic_map.qggs.

goooo

2.2.2 In Conclusion

gbooobooobooboobobbobooboobaon
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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.

23 Lesson: 000000 ooOooo

boboooobooboooobobooooobobooooboobooboobOoboooobOoboOoobn
OO00oo0oo0o0oooDobooooQGIStbogoooooooboooooon

goboobooboof:-QaIsboobogooboooooboooooon

2.3.1 ‘ Try Yourself:O O

0066 QGIS 2.0.1-Dufour - basic_map
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20.3614,:33.9960

Scale [1:22692

T+ [&7] @ Render EPSG:4326 (3]
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obooooOobooooobobooobooboooooboooo

QGISsOUooooboOoooobo ooboboo0ob oobobo0o0 ooooboooooobDooObOoOoooD
gooooboooobobooooboobooooboooobobboooobobobDboooOoDbOon

obb0: O0DO000oOoooooobooooooooon oboboooboooooooooo
gbobooboboooboobooooboboooogoono

i ggogood

QGISOO0O00000ooooooOoooO0ooooooDooOoOooooooDQGISOooooboDoooD
OooDooO (eg. ESRIDOOOOOOO OODO MapInfoOODODO)OOOODODODO (e.g.PostGIS, Oracle,
Spatialite 0 0 0 MSSQL Spatial) 000 WMS/WESOOOOOOOOOOOOOOOGRASSOODOODO
ooooogo

i ooooo

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 Settings — 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 Project
menu and then clicking on Save.

' gbooooogd

gbobooboooboobooboaon

i obooooo

bboobooboboboooooboobobooooooboobooooooboboooooobOobooo
oooooboooooooon

23.2 w 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

23. Lesson: D000 O0OO0OoOO0oQoagd 15
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233 i Try Yourself 2

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

=]
1. BB
2. &~
3 W2

(v Render
4

5. mm

O 0 0O: 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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3.1 Lesson: OO0 OoOogonO

gbobooobooobooboo,coboobocISboooooooboooooboooboobo.ooobo
bobooboboboboboboobooboooobooobooo.0oocooobooboooooooboooon
o000 *eawre**0 000, 0000000000 0O0O0OCODODOOODOO.
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i
3.1.1 - Follow Along: 00O OO OOOOO
000,0000000*=0000*00000,0000000000000000000000000
000000000.0000000000000*=0000000*0000000000.

00000000000 meds0 0000000000000 OOOOOOOOOO.O0D000D0O0O0DOO
gboooboooooooboooooo.

O0000 rmadsDOO0O0DO0OO000DOOO,000000O0:

. DDDDDDDDDDD.

reads 0000000 0ODOOOOOOOOOOOOOOOOOOOOO.O00OOOOOODODOODOO D
obooooobo.ooocoboobooboobobobooobooboooooboon.

gbooobOobooooociIsobooooooobo,cobooooooboooooaa!
- J000DOOO0OOODOODOOOOODn.

gboobooboo,boobobooo,o,0bo0bobooboboobboob.o0boo,booboon
obooobOobooooboboooooboooog.

L
3.1.2VFoIIowAIong:DDDDDDDDDDDDDDDDDDDDDD

ooooooooo,0obooboo0oooooooeISUoooooooobooOoooooooDoDoDoD
gbob.00bo0,boobooboboobobooobooboobboobo.0oboobooboon
oo cGciISOooooboooooooboooooob,boobooboboobooobooobo.
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ooooooooooooooooooo,o0oooboooooooooooooooDo.
coooOoo0o0oboopoOoooooOooooooooo.

* “places”

e “water”

* “rivers”

* “buildings”

Check your results

3
3.1.3? Follow Along: OO OO0 O0O0O0O0O0ODOOCOOOOOOOO

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: ‘ﬁﬁ
(boobbooooooooboboOooooUoobooOob OoooOobbOObOOoOODbOODOOoOoOooboOoDOoO)
ocoooooooooboooooooooOoooon:

¢ 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.

g0 0o0obOob0bOob0bOobDO0bOobbOobbOobLOObLO0ObO0DO:
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808 Add Spatialite Table(s)
Databases

| landuse.sqlite@/Volumes /Drobo/sites/qgis/QGIS-Documentation/source/docs /1 2 |

| Connect || New || Delete |
Tahle A& Type Geometry colu Sgl
¥ landuse.sqglite
landuse = POLYCON geometry

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

[ Help | | Add | SetFilter | | Update statistics | | Close |
. J . J . y

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

00O O: 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.

ooooo

3.14 Follow Along: OO OOO0O0OOO

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.

O 00O: 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.

gbooobOoboooonao
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ﬂ E Layers
> [ﬂ . landuse

M " places

M " roads

[ﬂ .~ buildings

M 7 rivers

[ﬂ L~ water

¥ ¥ v¥y¥vw¥v

... would result in roads and places being hidden as they run underneath urban areas.
oo0ooooooon:
¢ Click and drag on a layer in the Layers list.

- J000DbO0O0OO0ODOOOOOOODOODOOO:

o
o
o

Qais

DEBBLRANBPLL,IAPLLALR & 6 N HpE BEE &0 32 /5 BY
g/ B o B /& e T -

VB =

.

S

ﬁ; » ™ ° landuse

»

@

e

@

%

2

rowser |

1 object(s) removed. %] Coordinate: | 20.3508,-34.0039 | Scale 124,750 |v)|%| M Render EPSG:4326 (€] y

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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32 Lesson: OO oQd

gboooboooooboboooobobobooobooooboboooboooooboobooboooOobo eIsoo
obooobooocGciISoboooboobooboooboboooooboooooboobooooooboooo

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.

obooobobooooooobOobooooooboobobooooobOobobooobooboOoDboOoon
gbooobOcaISoobooboobooboouoooboboooooboooobobooooobooo

=O0OoOoohooooo:*»goooboobooooobobobooobooboooooboboooooo

3.2.1 v Follow Along: 00 OO

OO0o0o0oooo00oooo0o0ooDooOobO0oooooO ODOOo000o0ODOO bO0O0000 landuse 000
ubooobOobooooboboon
s J000D0O0 landuse DO DO ODOOOOODODOO

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

gob: 0obooboooobobooooboobobooooobooboobooobooboboooboOobobo
oooooooo

googobooooooog:
00000 OCOOODOODOOO
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8.0.68 # Layer Properties - landuse | Style
%, General ¥ Layer rendering
Layer transparency {) El 3
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
& Rendering % Single Symbol ¢
% Display JE
Unit | Millimeter 4|
@ aciions Transparency 0% 1 =
: " Joins Color
|EM Diagrams Symbol layers Saved styles [+
R
[7] Simple fill L i AR
COrners diagenal dotted green land water wine
(@] : - = | Symbolw | | Advanced v |
B (=]
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | E

000 O0ODOO0OO0O0ODOODOOOODOOOOOOODO
gbobooboobooooboobooooooo
- J0D00D0O0O0ODO0OO OKDOUOOOODODO

- 0000000 O0O00ODOO0DOODb  okOOOOOOOOOoOOOOOoOOoOOoOOobOOobOOooOn
ooooooo

3.2.2 & Try Yourself

water U0 OO0 000000O00DOO0O0O
ooooo

3.23 & Follow Along: 00O O OOOOO

gbobooboobdoobooboobobooobooboboooooboobooboobobooboooobooboobn
gooooboooobobooooobooooboboooobobobooboobooooooboobo

* Open the Layer Properties window for the landuse layer.
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uobodoobooobooboobooboobooboooobooobooooooboOobooDbn
gbooobooooodon

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

8.0.68 # Layer Properties - landuse | Style
> General ¥ Layer rendering
Layer transparency (:) El 3
= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
B Fields
¢ Rendering ( & Single Symbol gl
@ Display
Symbol layer type | Simple fill gl
@ Actions .
Colors Fill Border _
d 1
tikolns Fill style [ s0lid B
(5] Diagrams Symbol layers Border style | Solid Line :_|
' O T E——.
(Z Metadata v [ Fil Border width [0.26000 |U | Millimeter |

Offset XY [o.00000 [ [o.00000 | [ Millimeter 3]

| Data defined properties... |

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

| Help | | Apply | | Cancel | @

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

00 00ODOO0ODOO0O0OO0
* Click OK.
OO0 landuse 00 O0O00D00OO0O00DOCOOOODOOOOODOOOO

3.24 & Try Yourself

- J000DO0O0OOODOO0OOwaterD00OO0OO0OODOOOOODOODOOO
- J000DbO0O0OO0OODOObOOOO mersOO0O0OO0OO0ODOOOOODOODOO
goooo
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3.25 y Follow Along: 0O OO0 O0OO0O0O0O0O0O

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.

oboooooboboobooobooboboooooob0oboooooooOoobOoboooboooboOoOoon
gooooooboo..

066 QGIS 2.0.1-Dufour - basic_map
DEOBEBRBLR ODPL P APLLALS & 6 Bhx & BE &0 2 o B Y
B R /3

X Ly =€ @ [EY =g gl om o

@@@‘g h

@@i
e B ,
i

XN SDHBINSRS o

(15 )

oate: [ 204193,340252 | Soae (11086 1+ (3] o Rencer EPSQ:428 () [1] |

..000000000000000000000000000oOooOoOooogo
gooooooooOoOoOoOOOOOODOOO
* Open the Layer Properties dialog for the buildings layer.
«J000OOOODODODODODDDDODOO

* Enable scale-based rendering by clicking on the checkbox labeled Scale dependent visibility:
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1,806 /! Layer Properties - buildings | General
A General ¥ Layer info
W Style Layer name |bui\dings | displayed as buildings
£ Labels Layer source  (Volumes/Drobo/sites/qgis/new_sample_data/epsg4326/buildings.shp
B Fields Data source encoding | System &
/ .
4 Rendering
® Displ ¥ Coordinate reference system
isplay
& Actions EPSG:4326 - WGS 84 [ Specify... |
@ —
4 Joins | Create spatial index || Update extents
IER Diagrams
q Metadata v E Scale dependent visibility
Maxi @ . Minimum o) 8
(inclusivey #° 10 [) (exclusive) & [1:10.000 [~]
| Current ] [ Current |
¥ Feature subset
| Query Builder |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | EE

 Change the Minimum value to 1:10, 000.
* Click OK.
OO00000000 buildngs 00000 00DO0OO0O0ODOOOOODOOOOOODODOOO

gooooooon oboooooboobooooooon
goooooobooo

OO
OO
OO
0o
0o
0o

oo
oo

Ood

O0:
ooad

)

goooooooon
uooobooogo

W

3.2.6 0’ Follow Along: 00 OO0 OOOOODO

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

)=l 4 (a)

- J0O0O0OD0O0ODLOO0ODOODOODOODDbOODLDOODbLOODO:
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8.0.68 # Layer Properties - landuse | Style
" General ¥ Layer rendering
Layer transparency (:,' EIL;J
€= Labels Layer blending mode \ Normal B | Feature blending mode | Normal ¢|
== Fields
o Rendering |+ Single Symbol gl
@ Display
Symbol layer type | Simple fill gl
Q Actions .
@ Colors Fill || corder N
A
X Joins Fill style [ solid &l
IER piagrams Symbol layers Border style | Solid Line &l
@ Metadata v Wl Fin Border width  |0.26000 |5 [Millimeter 7|
Bl Offset X,¥ [0.00000 |[5) To.00000 |5 [Millimeter |
[ simple fill

| Data defined properties... |

P | (=2](d]la (¥

| 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.

OO 0O: 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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& Layer Properties - landuse | Style

¥ Layer rendering

€I Labels

E=5 Fields

Rendering

% Display
@ Actions

d a
* ¥ Joins

IER Diagrams Symbol layers

Colors

Fill style

Border style

'ri Metadata

v Fill

[ simple fill

Simple fill

Border width

Offset XY

Layer transparency r El o
Layer blending mode { Normal = ] Feature blending mode Normal :]
|+ Single Symbol &)
Symbol layer type | Simple fill D

Fill | S| corder | N

Solid Line =

10.26000

|5 [Millimeter 7|

10.00000

|[z] [o.00000 5] [ Millimeter 3 |

Data defined properties... |

| Load Style ...

Save As Default

Restore Default Style | | Save Style v |

| Help | | Apply |

| Cancel | E

* Click OK. Now you can see your results and tweak them as needed.

gbobooboobooobooboooobobooooobooooboboooobooboooobooo
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Symbol layers

v =] Fill

|| 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 v, Try Yourself

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

googo

3.2.8 v, Follow Along: 0000000000

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.

gbobooboobooooboboooogooo

3.2. Lesson: OO0 OO0 29



QGIS Training Manual, 0 000 2.8

oboooOobooooboboooooboooooonoo

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:

30 Chapter 3. Module: 00000000



QGIS Training Manual, D OO0 2.8

| Enable symbol levels

Define the order in which the symbol layers are rendered. The
rwmimhad 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.

gboboobobooooobooooboobooooobooog:
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[+ 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
will be drawn.

Layer O

Layer 1

- 1

mm 0

[Cancall[ oK ]

gbooooobooooobobooooobooooogoo
e OKUDOOOOOOODOOOOODOODOOO
gbooobooooboboood:
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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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066 QGIS 2.0.1-Dufour - basic_map
BELOR 0@ ARSNPLLALR & 6 B khe BE =252 5 BY
BYR /& a0 0 @@ %8s

=]

G .
There is 2 new plugin available [R5] Coordinate: 20.43125,-34.02672 Scale [1:17882 1+ [/ M Render EPSG:4326 (&) ] y

googo

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.gml provided in exercise_data/styles.

e Swellendam OO0 OO000O0O0O00OO

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

3.211 % FollowAlong: 0000000000

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.

gboooooboooooon

- J0ObO0ODb0OODODDOODOObOOODO

» Change the symbol properties for the places layer:
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8.0.68 ./ Layer Properties - places | Style

% General ¥ Layer rendering

Layer transparency {/ El 3

€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields
@ Display |+ Single Symbol &)
@ Actions
- Unit | Millimeter 3| . -

& Joins ————" Size 1.00 (3

J ———— Transparency 0% 1 F—————— -
|IER piagrams Color [ — U

Saved styles [

'ff Metadata

Symbaol layers

_ - i @ ° o &

o Simple marker

AN

airport arrow capital circle city diamond ellipse
o L] * w * a P
pentagon square star star2 star3 triangle triangle2
| Symbolw | | Advancedw |
| ® || = =5 L : : :
| 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
Font marker

Symbol layer type imple ma A
VG marker

Colors Fill Vector Field marker

Size 12.00000 |U [ Milimeter |
Symbol layers . , —~

Outline width |0.00 |[£J [ Milimeter & |
v o Marker - _-

Angle |0.UO ° |l1J

= Simple marker
Offset X,Y 0.00000 %] [o.00000 (%) [ Millimeter 2
| Data defined properties... |

OO0 ¢ o + X A & &K &% § | > 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.

oboooboooooboobn

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 T
Marker placement | =impleline ) -

(+) 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 [ noooo 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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€I Labels

E=5 Fields
Rendering
% Display
@ Actions
4
¥ Joins

IER Diagrams

(1) Metadata

# Layer Properties - roads | Style

¥ Layer rendering

Layer transparency C El@
Layer blending mode { Normal = ] Feature blending mode Normal :]
| & Single Symbol B
Symbel layer type | Simple marker =

Colors Fill Border
Size |0.50000 &) [ Millimeter ;|
Symbaol layers
Outline style | Solid Line ol
v Line
. Marker line Outline width |0.00 ‘U | Millimeter |
v Marker Angle |0'00 N |L:J
Simple marker offsetx,y  [0.00000 || [0.00000 |3 [ Millimeter  : |
Simple line Anchor point | HCenter | | VCenter ™
| Data defined properties... |
o0 ¢ o+ X A & & x & |1 > P
gl (=]|(a]la](=
| Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | @

000 1,0000000DO:
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8.0.68 /! Layer Properties - roads | Style
% General ¥ Layer rendering

Layer transparency (:,' ElL;J
€= Labels Layer blending mode [ Normal *| Feature blending mode | Normal ol
== Fields
q‘;” Rendering ‘.M.
@ Display

Symbol layer type | Marker line o
‘G) Actions Marker placement
N o~
¥ Joins (=) with interval ||1_UU |L1J] | Millimeter & |

IER Diagrams Symbol layers \;,l on every vertex

() on last vertex only
() on first vertex only
() on central point

Q Metadata

v Marker
[?] Rotate marker
Simple marker Line offset |0.00000 |5 [Millimeter 2|
Simple line
{ Data defined properties )
2| (2] d]la][®)
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | E

* 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.

ooooooboooooon

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.
- J000000000000000000

* If in doubt, use the Point pattern fill with the following options:

3.2. Lesson: OO0 OO0 39



QGIS Training Manual, D000 2.8

# Layer Properties - water | Style

¥ Layer rendering

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

Rendering |+ Single Symbol &)
% Display
Symbel layer type \ Simple marker 2
@ Actions
J Colors Fill Border (DD
¥ Joins
. Size 0.50000 5 \ Millimeter :'\
IER Diagrams Symbol layers | ‘U
~ ; Outline style | Solid Line ol
(' Metadata v Fill )
ine wi 0.00 2] [ Millimet ™
. Point pattern il Outline width | ‘U | Millimeter ]
v - Marker Angle |0.00 ° |U
| Simple marker offsetx,y  [0.00000 || [0.00000 |3 [ Millimeter  : |
Anchor peint | HCenter = \ | VCenter = \

[ Data defined properties... |

oo ¢ o+ X A & X % & | > b

Restore Default Style | | Save Style v |

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

| Help | [ Apply | | Cancel | EE
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# 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
Symbol layer type | Point pattern fill aal
@ Actions . )
Horizontal distance |1.00000 |[3] [ Millimeter 3|
: 4 Joins - )
Vertical distance [1.00000 |[Z] [Millimeter ¢

IER Diagrams Symbol layers

Horizontal displacement 0.00000 @ | Millimeter 2|

P Vertical displacement |0.00000 5] [Millimeter %]

v - Marker | Data defined properties... |

"’i Metadata

+ Simple marker

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

| Help | [ Apply | | Cancel | E

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

* Move it underneath the point pattern symbol layer with the Move down button:
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8.0.68 /! Layer Properties - water | Style
% General ¥ Layer rendering
Layer transparency {) El 3
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
Rendering |+ Single Symbol gl
@ Display
Symbol layer type | Simple fill gl
@ Actions .
Colors Fill )| Border (GGG
| .
tikoins Fill style [ Solid ™
IER Diagrams Symbol layers Border style | Solid Line |
(s O T —
(7 Metadata v [ Fill Border width  0.26000 |[i] [ Millimeter %]

oint pattern fill

| Data defined properties... |

| (=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: O OO0 SVGOOOOOOOO

00O 0O: To do this exercise, you will need to have the free vector editing software Inkscape installed.

e Inkscape O OO DOODOOOOOO
oooooOooooDboooooooooog
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000 N\ New document 1 - Inkscape
Eile Edit wiew Layer Object Path Text Filters Extensions Help
OBE& Ak Dwd Q@@ hae @& BPTa@E *
B Y 1 @ H 1 s
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O i
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g, o
8 o
G
2 ]
B
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H
=
N
N 4
E
<€ = 1
~_______ o HE §F I BN EEEeS | EEET e |___ B | I <
M E) >
O ke w0100 | & @[ -Laver1 & No objects selected. Click, Shift+click, or drag around objects to select. 514£§§ z(as% ) |

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.

goooOoOoOoDoDoOoOoOOOO

* Click on the menu item View — Zoom — Page to see the page you are working with.

D 00ob0oOOobOonOo
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000 N\ New document 1 - Inkscape
Eile Edit wiew Layer Object Path Text Filters Extensions Help

ODBE&E AE & Dwd Q@@ e @& BPTeaRB@E %@

ER=1 v [0.000 w [0.001 @ H (o001 px & Affect

T I I I O T T T I T P R I A T T T T I o P BB P B R @
s :
N .
&

Q\.:’;
[of
d v
3
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T
i )
i 1y
v - -
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& - 5]
@ -
LS [
™ -
BT
E o
5
8z
T
L
i
.

«f € i e
= HI' B B BN EEmsTT HEEE =l | | B
<@ ) I
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 ¥ 223zl
= -

* 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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060 || New document 1 - Inkscape
File Edit wiew Layer Object Path Text Filters Extensions Help
OheEé& BB Dewd Q@@ DaE Z&# PTeEE &B
qaa qGeaa aaaa aa
N e P S R BB B B IR TR B B B B e @, 2Rl and Stroke (Shift+Ctrl+F) E]g
e Fill |[stroke paint | =*Stroke style
' -
® xOooso?
“I
24 Flat color-
] RGB |HSL CMYK Wheel CMS
= -
® - - M
O = I -
S » el DDl v
o - i
b - :
i 3
E x RGBA_[00065eff ’
w 1 Blur: |
] (ED 0o |2
AI B Opacity, % ke
o = |
0
® - I
P
“u 7 U
4 i
&b
T
v
Ty (= =) >
e HE § O BN EEEmaS | i L L __§
+ P — )
Il = . =
Sroce [T © (100-] ¥ @ [Layer1 0 v leoa z [

Oo0ooooooooooboooooooo:
¢ 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:

3.2. Lesson: 00O OO 45



QGIS Training Manual, 0 000 2.8

000 %) New document 1 - Inkscape
File Edit wiew Layer Object Path Text Filters Extensions Help
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:tumke mi: o W @ | -Layer1 T | No objects selected. Click, Shift+click, or drag around ebjects to select. § if:zg z:[ 771% |5

 Save it as landuse_symbol under the directory that the course is in, under exercise_data/symbols,
as an SVG file.

QGISOO:
* 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

€I Labels

Layer blending mode | Normal

= ] Feature blending mode Normal

“r

E=5 Fields

Rendering ‘ i Single Symbol ¢_|

% Display
@ Actions

d a
¥ Joins

IER Diagrams Symbol layers

v [ |Fil

SVG fill

¥ — Line

"’i Metadata

— Simple line

Symbol layer type | SVG fill aal

Texture width ~ [2.00000 5] [ Millimeter 3 |

|o.00
Fil S corder

0.00000

Rotation

Colors

Border width = | Millimeter 3|

| Data defined properties... |

SVG Croups

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

SVG Symbols

+ o+

bn /source/docs/training_manual fexercise_data/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 (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields

Rendering ‘ i Single Symbol ¢_|
% Display
Symbel layer type \ Simple line 2
@ Actions
Color
: 4 Joins o
! Pen width | 0.26000 |[;] [ Millimeter |
IER Diagrams Symbol | N ——
thta it Offset | 0.00000 (3] [ Millimeter 3 |
(7 Metadata v  Fill ; )
Pen style [ Solid Line gl
v SVGill )
Join style | A Bevel gl
M Line Cap style | I Square :]
Dash pattern unit | Millimeter ]

[_| Draw line only inside polygon

| Data defined properties... |

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

| Help | [ Apply | | Cancel |

Restore Default Style | | Save Style v |

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
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3.2.13 In Conclusion

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.

goobo: boooobobooooobobooooaon
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goooooboog

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 - 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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4.2.1 v Follow Along: 00O OO0
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* Click on the following toolbar button: e
goooOoOoOo0O0O0O O000DO0OoDOoooooogo
- J0000000OOOOOOOODOOOODODOOOO
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s 0000 nameDOOODOO:
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(M Label this layer with| NAME

¥ Text/Buffer sample
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[V Label this layer with| name
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(¥ Label this layer with| name [ €. ] [ |

w Text/Buffer sample
[Forem]ipstim]

| Lorem Ipsum

abe Text Placement
2*% Formatting
abe Buffer (») Around paint () Offset from point

@ Background
) Shadow Distance I2.UOGU

.
lmm

/ Rendering

w Data defined

Coordinate X @' Y @'

Alignment horizontal <:‘r vertical <:'r

Rotation @' [ Preserve data rotation values
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boboobooobooobooobooooooooooOoooOoooobo booooboooboooobooDbo
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8.0.6 /1 Layer Properties - places | Labels
¢ General @ Label this layer with| name ;) & ] [ |
W Style ¥ Text/Buffer sample
(abe| Labels Lorem Ipsum
ES5 Fields
% Display
Lorem Ipsum u =
@ Actions .
4 sbe Text Placement
¥ Joins 2*? Formatting
|ER Diagrams abe Buffer (") Around point (s) Offset from point
@ Background
5
4 Metadata J Shadow Chadrant] P — — E,
-
—_ s
/ Rendering & =
@b || (abe] || Cabe]
Offset X,¥ [0.0000 |[z] [0.0000 |SK=S
[ mm i E_'
Rotation 0.00° )
¥ Data defined
Coordinate X €= ¥ ]
Alignment horizontal {:' vertical (:'
Rotation E, ™ Preserve data rotation values
¥ Priority
= N . . . . oy
| Load Style ... \ \ Save As Default | | Restore Default Style | | Save Style v \
Ciis ) (oo | [ Caner
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+f Layer Properties - places
% I
-
w Layer rendering

=7 Style ( -
Labels e e O o 13

Layer blending mode Normal + | Feature blending mode Normal .
Fields : :
[ | Display

Diagrams

@) veiosas

Single Symbol =

Symbeol layers

v Marker
. Ellipse marker

(®#] (=] (d)(a] [+

Symbol layer type
Colors

Symbeol width
Outline width

Rotation

Symbol height

Offset X,Y

Ellipse marker

Fill | GSorder |
|0.000000 |[5] [Milimeter |
|0.000000 |[] [ Milimeter

|o.00
|0.000000 |[2] [ Milimeter
0.00000 |[] |0.00000 |[2] [ Milimeter |

Data defined properties...

[ Restore Default Style l [ Save As Default

J
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8.0.68 ./ Layer Properties - places | Style
% General ¥ Layer rendering
Layer transparency {/ El 3
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields
@ Display |+ Single Symbol &)
@ Actions
- > Symbel layer type \ Ellipse marker 2
¥ Joins
Colors Fill gorder (NN
|IER piagrams
e Symbol width ‘0.000000 |: Millimeter &
(2 Metadata Symbol layers e [ ]
Outline style | ——Selid Line o
v Marker : g
Ellipse marker Outline width ‘0.000000 |U [ Millimeter |
Rotaticn [0.00 |8}
Symbol height |0.000000 |(z] [ Millimeter  + |
Offset X,Y l0.00000 13| [0.00000 |[}] [ Millimeter + |
Anchor point | HCenter 4| [ VCenter o

| Data defined properties... |

(= -

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

| Help | | Apply | | Cancel | E
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4.2.5 ‘I Follow Along: 00O OO OOO0OO
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(M Label this layer with| NAME 4 || g..

¥ Text/Buffer sample

Lorem Ipsum

Lorem Ipsum

abe Text Placement
"% Formatting
abe Buffer () Parallel () Curved () Horizontal

@ Background

() Shadow Position || Above line (¥ On line || Below line

|| Line orientation dependent position

7 Rendering Distance 0.0000

|I"I’1I'I'l

w Data defined

Coordinate X E' Y @'
Alignment horizontal @' vertical @'
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QGIS 2.0.1-Dufour - basic_map
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Layer label ing settings

[V Label this layer with| name

(e

w Text/Buffer sample

Lorem Ipsum

Lorem Ipsum

abe Text

2*% Formatting
abe Buffer

@ Background
) Shadow
1-:¢ Placement

Rendering
e
Show upside-down labels

(s) never () when rotation defined () always

w Feature options

[ | Label every part of multi-part features
(V] Merge connected lines to avoid duplicate labels

|| Limit number of features to be labeled to
2000
Suppress labeling of features smaller than

|(‘.I.U(‘.I mm

[V Discourage labels from covering features
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000 QIS 2.0.1-Dufour - basic_map
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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

OO000000 "place" = 'town’ 00000 OkO 200000000:
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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 I‘

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'
locality’
'suburb’

[ Load all unigue values I Load 10 sample values J

= +

_Expression

"place’ = ‘town'

Output preview: 1

ooooooooooogn:

68

Chapter 4. Module: OO0 000000



QGIS Training Manual, D OO0 2.8
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FONT_SIZE

Comment

Type [ Whole number (integer) o ]

integer

Wah a0

Precision

Cancel | [0k
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4.2.9 In Conclusion
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4.2.10 What’s Next?
0000000000000 0000000000000000000000000000000000
000000000000000000000000?20000000000000!

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:

066 QGIS 2.0.1-Dufour - basic_map
o o = D 0 > = -
0 VR OBPL AP L /LS & 6B K e BE &0 % v, B &2
. 4 B B /& oS EmAB BB
00 Layors
v:; > @ places
» & ©° buidings
B @ rooss
@ > @ o vaer
’j » & ivers
7, T —
»
@ ey
-
@ . b T
eseong fescve ) a e
% ety oot 5 ot
2 oo
v (ores
il Gresn (oSt 5 s
L3 St sy J oy i g
G (O Tt e
s cenalfics de e Sncie ) P @ e e
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el
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L At e R Crpe
T Browser |
[ mamoeeoni | Scsle zass - [Y] 4 Render EPSGA32S (@) |

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 &I 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:
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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
/ Rendering + Categorized o
% Display Column | -] [ €. ]
@ Actions ) )
- > Symbol | [ Change... | Color ramp | Random colors 4| [l lnvert
* ¥ Joins
‘Symbol ¥ Value | Label
IER Diagrams
)
(' 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

Normal

“r

Layer transparency C
i |Labe Layer blending mode { Normal
E=5 Fields
Rendering _% Categorized ;]
% Display Column |landuse |l| [ E. ]
@ Actions
: Symbol | [ ] Change...

-« i
¥ Joins

| Colorramp | Ml Greens

4] Cinvert

IER Diagrams
ceme... cemetery
conse... conservation
farml... farmland
forest  forest

grass  grass

(1) Metadata

indus... industrial
reser... reservoir
resid... residential

EEENEECCC

villag... village_green

w Value Label |

| Classify | [ Add | | Delete | | Deleteall | Join | | Advanced ¥ |
[ Load Style ... ] [ 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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QGIS 2.0.1-Dufour - basic_map
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There s @ new olugin available (8| Coordinate: 20.4431,-34.0477 Scale (123396 ) 5] ( Render EPSG:4326 (] |

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

006 Layers
2 o places

7 buildings

/" roads

) water

W orivers

REEEE

¥ ¥¥v <

|| cemetery
|| conservation
|| farmland

|| forest
] grass

] industrial

B reservoir

Bl residential
Bl village_green

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 sove P — o 1
Transparency 0%
€= Labels |
Color = Y
Field N |
B Fields Symbol layers Saved styles M
P Rendering
Displ
#8 Dicplay B simple fill L . £ | |
@ Actions corners  diagonal dotted green land water
= o ) Clinvent
4 Joins N
5 _ | Symbol¥ |
|ER Diagrams & [= o -
"r;' Metadata
[ Cance | (O
gras gras
indus... industrial
reser... reservoir
resid... residential
villag... village green
| Classify | | Add | | Delete | | Deleteall | Join | | Advanced v |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | cancel | | OK |

Notice that there is one category that’s empty:
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8.0.68 # Layer Properties - landuse | Style
" General ¥ Layer rendering
Layer transparency (@ EIL;J
€= Labels Layer blending mode [ Normal *| Feature blending mode | Normal N
== Fields
o Rendering |+ Categorized 2
8 Display Column landuse [=] [ E. ]
(@ Actions
- . Symbol | [ Change... | Color ramp | Ml Greens 4| [l lnvert
: ¥ Joins
| ¥ Value | Label
IER Diagrams
] ceme... cemetery
Q Metadata O conse... conservation
O farml... farmland
= forest  forest
B grass  grass
] 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.

00 0: 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 [_|:|Bl::il11El| 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
>
[ 2
>
[ 2
>
[ 2
>
[ 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 ;]

Outputfield widh 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 -
Qutput 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 ared
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.

OO 0O: 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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€ Labels
E=5 Fields
Rendering
® Display
@ Actions
4
* ¥ Joins

IER Diagrams

’i Metadata

& Layer Properties - landuse | Style

¥ Layer rendering

Layer transparency r

Layer blending mode | Normal

| & Graduated &l

= ] Feature blending mode Normal

Column | AREA

B |[ £ )

“r

M Blues

v
Symbol

Change...

| Classes |S |[§j

B WMesc
Ml BuGn
I &cuPu

Color ramp

P [l Invert

Mode | Equal Interval

Ml cnBu
Ml Greens

Vi

Wl rurples
B WRrdBu
E  Hrdcy

M RoPu
B WrdviBu
B W rdvicn

Wl Reds

1 Spectral

Ml vicn

M vCnBu
I viCrBr
| Classify | B vio-Rd Delete all | | Advanced v |
New color ramp... |
[ Load Style ... || Save As Default | [ Restore Default Style | | Save Style v |
(haip ) (_eaiy | [ cancel | [0k

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

4.3. Lesson: Classification
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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 Graduated
_ Color Offset (%) . Add stop
% Display Column |
. Remove stop
@ Actions L =
> Symbol | _| Classes |S |U
* ¥ Joins — [
Colorramp | New  prayiew Mode | Equal Interval |
IER Diagrams
- Symbol ¥ Value | L
(' 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
Rendering ‘ <L Graduated
_ Color Offset (%) . Add stop
% Display Column |
. Remove stop
@ Actions L =
> Symbol | _| Classes |S |U
* ¥ Joins — [
Colorramp | New  prayiew Mode | Equal Interval |

IER Diagrams

- Symbol ¥ Value L
(' 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 C El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields

Rendering | 4 Graduated 3]
% Display Column [ -] [ €. )
@ Actions -
Symbol | B Change... | Classes |5 |[2j
4
¥ Joins . S -
Color ramp | "W new_greens 4| [lInvert Mode | Equal Interval |
IER Diagrams
Symbol ¥ Value  Label
g Metadata O 0.000... 0.0000 - 0.0007
D 0.000... 0.0007-0.0013
D 0.001... 0.0013-0.0020
. 0.002... 0.0020- 0.0027

.0027 - 0.00

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

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

Restore Default Style | | Save Style v |

| Help | [ Apply | | Cancel | EE

Leave everything else as-is.

e Click Ok:

84 Chapter 4. Module: OO0 000000



QGIS Training Manual, D OO0 2.8

QGis 2.0.1

Dufour - basic_map

e B BB e

B OPRWLARPLRALR @& &y Bvip s BE =0 5 T B
S I T T = F e 8 ¢

SEY Y Y Y LR

e s s sl 5] Cooante Sl 253951+ [3) o Fenar EPS4320 )5

4.3.4 i Try Yourself Refine the Classification

¢ Get rid 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:

4.3. Lesson: Classification
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8.0.68 # Layer Properties - landuse | Style
General ¥ Layer rendering
Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields
Rule-based oy
® Display Label Rule Min. scale  Max. scale | Count | Duplicate count
[ ] (no filter)
@ Actions
: _‘ Joins
IER Diagrams
"’i Metadata
[ @ | |I| |E\ Refine current rules ¥ | | Count features | | Rendering order... |
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
[ieis ) (Asoly [ Cancel | (0K

Click the Add rule button: [@']

* A new dialog then appears.

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

e Using the query builder that appears, enter the criterion "landuse" = ’residential’ AND
"name" != '’ |majorUrbanName| ’ , click Ok and choose a pale blue-grey for it and remove the
border:
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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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8.0.68 # Layer Properties - landuse | Style
" General ¥ Layer rendering
Layer transparency {) El 3
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
== Fields
Rendering Rule-based D
® Display Label Rule Min. scale Max. scale | Count | Duplicate count
[ ] (no filter)
& Acions
: ‘ Joins
IER Diagrams
'ri Metadata
| ® || A || = | Refine current rules ¥ | | Count features | | Rendering order... |
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel |
¢ 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
€= Labels Layer blending mode [ Normal 4| Feature blending mode Normal :]
E=S Fields
Rendering Rule-based ¥
® Display Label Rule Min. scale | Max. scale | Count | Duplicate count
(no filter)
@ Actions [ ] "name” = 'Swellendam’
"landuse” = 'residential' AND "name" |= "Swellendam’
: 4 Joins [ ] "landuse"” = 'residential' AND AREA >= 0.00005
IER Diagrams
7 Metadata
[ ® ] | A ] [ = J Refine current rules v | [ Count features | Rendering order... |

[ Load Style ...

J

Save As Default

J |

| Save Style v |

Restore Default Style

Help I Apply

¢ Apply this symbology.

Your map will look something like this:

Cancel | E

4.3. Lesson: Classification
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eoe Qs 2 ufour - basic_map
DEBBLR OSPLARPLLALR & @ BhbEBE =50 1 BW
A/ BRRB A LD 0 @@ % 8% 8%
206 Layers
.S aces
® g
w |y
7, LT
»
@
]
@
%
Fon
)
| Lovers EEE)
There s a new plugin available (@5 Coordinate: 20.4763,34.0699 Scale (123396 1+ 5] (¥ 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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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.

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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Project

Ol =0 RS S RP L SR

New From Template >
ﬂ Open Recent > = @ .% % % a_T:I.
00 [ Save s8¢

Save As... {+ 385
M £k Save as Image...

>
| 2
» o
>
>

o | Project Properties... {r3P

. - New Print Composer P ‘_’(

.
-
'
m % Composer Manager...
» Swellendam

- Swellendam
CBoaea - A8 hhRLSA/ BE MBS
= _

[ [0 =0 pm———

[
)
L)
g )

Item Properties = Atlas generation

Q Composition

w Paper and quality

Presets [ A4 (210x287 mm)
Width |267.00

e [21000

Units [ mm

Number of pages |1

Orientation [ Landscape

Export resolution |3(]0 dpi
(") Print as raster

» || Snap to grid

» E‘ Snap to alignments
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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)
* 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:

[sXsNs) Swellendam |
BOCRADE shahoe 32,0 e Bkbsa / A6 30
P e [100 [50 [200 B e e
<8
50 | Item Properties  Atlas generation |
Q Composition
w Paper and quality
Presets [ A4 (210x287 mm) 2]
10¢ Width [207.00 ‘@
Height [210.00 G
Units [ mm &
Number of pages |1 ‘@
5d Orientation l Landscape :I
Export resclution |3(m dpi ‘@
(") Print as raster
» [ Snap to grid
ﬁ [ @ Snap to alignments
| Help | | Close |

The map will appear on the page.
* Move the map by clicking and dragging it around:
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B9 E B

=

o Popesis

Hem Praperties

v Main properties

[ Cache + ][ Update preview |

Scale 44982 |

EBEBRIBEEEBERI

Rotation (0,00 degrees

=

¥ Draw map canvas items
7] Lock layers for map item

g R

~ Extents

3

Xmin [20.348

¥ min [-34.095

g & |

X max [20.537

¥ max |-33.964

=

[ Set to map canvas extent

p [ ] Show grid

BEER I

b Overview

p Position and size

» [] Frame

Change item position
Change item position

|| Composition [IEUNFTEIES
=]

Map

 Main properties

[ Cache

EBBREBEEIRRE

Scale  [47099

Rotation [0.00 degrees

>

[ Draw map canvas items
|~ Lock layers for map item

BRI

v Extents

3

Xmin [20.348
Y min [-34.095
X max [20.537
Y max |-33.968
[ Set to map canvas extent

BB |

=

» () Show grid

BEEB I

» Overview

» Position and size

» [ | Frame

O00O: 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:

-3
R

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):
|I:I

* 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:

2oL,
Commang |- Align Left
as Align Center

| Align Right
Align Top
- Align Center Vertical
I center -7 Align Bottom

center

Immn Demmmetiome Atlme Ammmaratioe |
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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 3 @ =) & == = FolRte] )
DR @R Ree NP RERiEsA /B0 B LEEHE
10 0 30 40 60 80 90 120 [130 (140 [150 (160 170 [180 90 (200 10 20 (230 40 0 [260 0 [280 [290 o e history
Change item position
10 Change item position
Label added
20 Change item position
Label text changed
30 Label font changed
Label font changed
a0 Change item position
Change item position
50 Composition s Allas generation |
80 [x] hem Properties
Label
7
[ v Main properties
80
Swellendam
%0
10¢
10
a2
13¢
140
(] Render as HTML
156 [ Insert an expression )
160 [ Font ]
7 [ Font color... )
180
~ Alignment
e Horizontal
200 (@ Lett () Center () 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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EBEREBEEERERE

=

g R

3

g & |

=

BEER I

5.1.4 0 Follow Along: Adding a Legend

Bisle 22 B
Q Command hi

history

Change flem position
Change item pesition
Label added
Change ftem position
Label text changed
Label font changed
Label font changed
Change item position
ange item positio
|| Composition
(x] Hem Properties

Alas generation

Map

v Main properties

[ Cache

;J[ Update preview ]

Scale 48619

Rotation (0,00 degrees

¥ Draw map canvas items
7] Lock layers for map item

~ Extents

Xmin [20.348

¥ min [-34.095

X max [20.537

¥ max |-33.962

[ Set to map canvas extent ]

» [ Show grid
b Overview

p Position and size

» [] Frame

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:

266
=]
8 L0RD
‘10 0 [30 [40 0
10
20
80
40
50
60
70 Legend
80 *® places
buildings
L m church
10c B9 commercial
[ garage
M0 [ hangar
[ house
e
13 [ telephone_exchange
yes
140
hse roads.
[EE water
160
rivers
170 landuse
180
[
19¢
-
200

history

Bigle QR E
Q Command hi

Legend added
Change tem position
Change item position
Change item position
Change item position
Change item position
Change item position
Change item position
ange item positio
|| Composition

(x] Hem Properties

Alas generation

Legend

v Main properties

Title [Legend
Map [Map0 D

Wrap texton |

v Legenditems

2

1 I

> pases Hidden
» buildings  Subgroup
» roads Hidden
» water Hidden
b rivers Hidden
» landuse  Subgroup

[vla]a]®[=]2]>]

) Auto Update

» Fonts
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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:

000 Swellendam
BOLOROB ashhoe 5000 baREad / B 6 jMES @ ob,
40 [50 [BC B 9 (110 [120 14 0 [160 170 [180 9 200 |21 20 230 4 25 260 0|28 29( o (Greaeii

0 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 item up

Composition [0 E o] Allas generation

Q Hem Properties

Legend ] A e

® Places % Title [Legend |
Roads and Streets s Map [ Map 0 o ]
Surface Water N S8 L P b, Wrap texton | |
Rivers o & e a
Rural, small /:"' ellton & v Legenditems
W Rural, large / /
: g
1 2,

0 Swellendam
3

Residential
Places
» Roads and Streets Hidden

BBERRBBEEBRE

=

5

&

=

E

&

Rural, small

Rural, large
Swellendam

Residential

&

=

=

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

(¥ Auto Update

B |

» Fonts

Help Clse || ) 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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0606 Swellendam
=) —~ B 3 - ~ Frp— =] Folite! =
BOCROE eaRhhoeo NELR 18D/ BR |BELLHE
10 30 40 |5 60 B0 120 [1 14¢ 160 [17¢ 8 9 10 0 [230 40 260 0 |28 290 o Command histery
Legend updated
10 Legend item removed
Legend item edited
20 Legend updated
Legend updated
0 Moved legend item up
Moved legend item up
40 Change ftem position
Change item position
50 | Composition [IIEIIZE 21| Allas generation |
60 [x] Hem Properties
i) 2 props
m ) s
80 Title [Legend |
Map [ Mapo B
P Swellenaaim) -
0 Iy K, Wrap text on | |
aoc Fa )
1o . 4 v Legend items
13¢ 1 2
Legend » Places Hidden
14¢ » Roads and Streets Hidden
T ® Places » Surface Water Hidden
™ » Rivers Hidden
= Roads and Streets v landuse Hidden
Rural, small
160 Surface Water .
Rivers Swellendam
Hze Residential
Rural, small
18w Aural, large
180 Swellendam
g = vlas >
1| 2
ax L
[ Auto Update
p Fonts
[ Help | | Clese || |, columns

5.1.6 & Follow Along: Exporting Your Map

00O O: 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.

e 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.

52 000
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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 v 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.

goooboooobooon

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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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
Mew attribute

Type [ Text data

Width |au

- Add to attributes list

Attributes list

Name | Type ' Precision
id Integer

= 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:

() Point ) Line @) Polygon
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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 |

Blmiaa 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 | Text data s |

Width 80 ' Precision

- Add to attributes list

 Check that your dialog now looks like this:
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|~ () Point () Line (=) Polygon ‘

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

Type [ Text data

L3
S

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

= Remove attribute

(CCancel ) (N
-

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

The new layer should appear in your Layers list.
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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 - basic_map

SRAPLRKAMNS & e Bhpe BAE =

el

S HDHBINARS

a2 i 12 L
There s a new plugin available Q5| Coordinate: 20.44761,-34.01462 Scale (15727 1) [5f] @ Render EPSG:4326 (] )

O 0O O: 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:

RBR &

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.
* 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

name | Athletics Field L]

| Cancel | E_D.K_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:

ke S
e |
L |
[E]_ !
fap
(NN}
168

[T

Lo

5% Select Features by Polygon
7% 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,

* Delete Selected to get rid of the feature entirely so you can try again, and
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* 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!

00O O: When you're done adding features to a layer, remember to save your edits and then exit edit mode.

O 00O : Youcan 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:

000 QIS 2.0.1-Dufour - basic_map

DEBBLIANS AL 2BPLRALR & & hE BE = . B & |
4./ B 6B &< R T ST T
00 Lo ) /
]
.
.
.
]
> &\ rivers
> ™ hool_property
@ 5" 3420C_2010_327_RGB_LATLNG
» & O landuse

S HHBINARS

I+ Render EPSG:4326 )
15/ e o

Our track is a little further to the south:

066 QGIS 2.0.1-Dufour - basic_map
DOEBRRINSLLH2APL LA & &5 pE BE = 52 0 BR
4./ 8 /& L > SRR
v‘; ?9 Layers /

g %

> & vers
» @ school_property

o 1" 3420C_2010_327_RGB_LATLNG
» @ fanduse

S 8083 A

[ ooam:a40de4 | Scdle 19566 v (Y] (¥ Render EPSG328 (@)

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 type 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 topology. In the next lesson you’ll see an example of why this can be
useful.

6.2 Lesson: OO0
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- /O000000D0O00O00OOO0O0DOOO0OOOO0ODOOOOOObOO0ObOOOObOObOOOoObOOODOO

ooogooo:

6.2. Lesson: OO O4dOO

121



QGIS Training Manual, D000 2.8

000 QIS 2.0.1-Dufour - basic_map

DEBBORNBLLANDO QAR 8 clfles BE =0 5o & 0%
P MB B R & e I T W Y~
B RVABAURRPOR® LC

00 Layors = & =
Vo & - places % A

» @ O bulding
L) [ Ry o

> @ G water
b - Rt 2% iy N . -
4 2 > - 3

» @ C school_property P - gf&bwé“
@ /2 x pton X
@ () o oo 2010 227 AG LATLNG S =~ %

¥ o K %
W /4 X
@ AN 77 3 < ottt Nt Pts Bt @
9% 3 20K, 2
& )
Vir % < x
K X -
3 . L o Ny
2= ottty et Pt Rapton @ 6
/\\
N
3
N
N x X X
;o - et Rem
/ A
S ‘
Xx
=N eowser |

1 feature(s) selected on layer landuse. There is a new plugin available || Coordinate: 20.4487,-34.0607 Scale [1:19950 1+ [/ ¥ Render EPSG:4326 (€3] y

6.2.8 & Try Yourself 0O D : 00000

gboboobobooobooboooooboan:
- J000D0O0O0DODOOOOOOODLOOObOOOOODbOOO
- D000DOOOODODOO

ooooooooo

6.2.9 In Conclusion

gbobooooboobooboobobooooobooboooobobooboboobobobobDOoDbOobo
obooobooooonboon

6.2.10 What’s Next?

bobooboobooobooboobooooobooboboooboobobooboobobooboooboOoboOoobn
oooooo!'oooooboooooboobooooboboooooobooooooooooboOoboOoooDooD

6.3 Lesson: U OO0

boboobooboboboooooboboobooboobobooooooooboboooboobOoOoon
gbooooooobobobooboooooobobobooooobooooboboboooboboooDo
obOooOoooooobobOooooooboobooboobOooboooooobooooobOoboboooon
gbooobOoboooobobooooobobooooga

oooooQaGIstoooooooboooooooooobooooooooooooboooooooooooD
uboooooboooooo
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uboooboooo:-000000000000000

6.3.1 ﬂFollowAlong:QGISDDDDDDDDDDDDDD

- 000000 O rmadsO00O0OO0OOOOOO
000D DOODOODOODODOO
 J000DOOODOOOO

- J000DOO0O0ODOODOOOODOODOOOO ODOOODOOOOD OOODOODOOOOODOODbO
ooooogoo

0000000000 QGISOOOO0O0O0OOOoO0oDOoObOOooooOoboOooooDOoo

obdoobooobooob ooobooobooboobooboboooboooboobooboooDn
oooooooo

00 -000000O0D0O0O0OO0OO
- J000DOO0OO0OOODOODOOOOOOODObOOOO
- J0Ob0Db0OO0ODbOOO0ODLOO0ODLOO0ODOO0ODbOOD OO bObOODDbOODODLDO0ODO:

0006 Options | Map Tools

¢ General ¥ |dentify

-7{:\‘ System || Open identify results in a dock window (QGIS restart requirgd) .
Mode [ Current layer :]

=S Data Sources ™ Open feature form, if a single feature is identified

& Rendering Search radius for identifying features and displaying map tips |0.50% |[2]

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

Legend

[[ :; Map Tools ¥ Measure tool

Rubberband color
q Composer -
Decimal places I:IE]

Keep base unit O

|ﬂ Digitizing
CDAL Preferred measurements units () 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 |[§]
¥ Predefined scales
1:1000000 ®
1:500000
[ ep | [ Cancel | [0K)

e OkODO0ODOODOODO
0000000 rmads00O0O00O0ODOODOO
- J000D0O0O0D0OO0O0OOODOOOOODOODbOOOOOOODbOOOOO

@,

oo ooboooooboboooooboooooobooboobooboooon:
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800 Artibutes - roads |

osm_id |4753791 ol

name [NuL

highway [unclassified

waterway | NULL

aerialway |NULL

barrier [nu

man_made | NULL

other_tags |"Ianes"#>"2‘"

6.3.2 oTerourseIfDDDDDDDDDDDD

gboooobooboooobooooobooboooobobooobooboboboooooo
- J000DOO0O0OOODODOOOO@MOOOODOOOODOODbDOOn)b
- 000000 0ODOOO00DDO Swellendam OO OO0O0O0OO0O00D0O0OO0OO0DODOOODOOO:
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3 4 a3 *,
N T o 3 ¢ . osmid  [2a8a08188

nams [Voortreic Sreet al

highway [tertiary al

waterway | NULL ‘

aerialway | NULL |

barrier [nuLe |

man_made |NULL |

other_tags |"Ianm"=>"2“

e highway 0O DO OODOO secondary 0O OO0
- 000000DDOODO

- J000D0O0O0OD0OODOO

00000 DOOOOOOOOOODOODOODLDODOOOOOOOOOODOODOODODbOODO
gboboooooboooood

gb00: 0000000000000 000000000000D00 voortrek Street 0OOODOO
boooboboooooboon

6.3.3 0FollowAIong:DDDDDDDDDDDDDDDD
goboooobooboobobooobooooboogoboooobooobooboobooboobooboobbooDbo
boboobdobooboobooboobooboooobooooboobobo booboboo ooOobOoo
crads 0000 O000OO00O0DOO0ODOOODO
- J000D0O0ODOO0OOODOOOOOODbOObOOn:
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& Layer Properties - roads | Fields

General Attribute editor layout: | Autogenerate :'\ Python Init function l:l
Style v Fields
Labels =
Type Type name Length Precisi C Edit widget Alias WMS | WFS
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
trin Strin 254 o | Line edit |
IER Diagrams Qitring 9 — “ G
: QString | String 254 0 [ Lineedit | ) ~
(2 Metadata - o o
¢ QString | String 254 0 | Lineedit | ) )
QString  String 254 0 ™ ™
P Relations
Suppress attribute form pop-up after feature creation | Default oo
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel | @

*man_made 00000 000 DOO0O0ODOOCOOODOOOOODOOOOO
- 0000DOO0OO0OO0OODOOODOOODOOOOOOODOO:

126 Chapter 6. Module: 000000000



QGIS Training Manual, D OO0 2.8

808 " Attribute Edit Dialog "highway”

Line edit g Editable
Classification || Label on top
Range

Unigue values
File name Representation for checked state |1
Valug map
Enumeration Representation for unchecked state |0
Immutable
Hidden
Text edit
Calendar

Value relation
UUID generator
Photo
Webview

Color

Cancel ] [ OK

e OKUOOOOOOOOO

- 000000000 (eadsDOODDODOOODOOOOOODO)HO
- J000D0O0O0ODOOOOODOOOOO

- J0D00D0OO00ODOODOOOODODbOOO

man_made 000 0000000000000 0CO00000O000O0ODO0O0O0O0ODOO True00O000O0DO
Ub0o00000 rFalseOOOOOODO

6.3.4 0 Try Yourself

highway OO 0000000000 O0DO0OOOCODOO0DOOOOODOOO
goooooooo

6.3.5 i Try Yourself 00 OO O0O0OOO

0000000000000 00000000000000000000
s test-data000000200000000000000000000000:

- 00 (@ooo)

- 00 (@ooo)
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| (s) Point () Line (") Polygon ‘

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

Name | |

Type [Taxl data

Ak

Width 80 Precision
Add to attributes list
Attributes list
Name Type Width Precision

age String BO

"E Remove attribute

([Cancel ] [
 —

- J00000DOO0OOOOOOOODOOODOOOOOOODOOODbOOOOOOODDOOObOOO0ODnOO
O00o0o00oooo0o0ooooOooooboOooboGISOooooooooooooooooo

gbodbd: booobooboobooooboboooobooooboobooooobooboooobOooboon
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1808 — Attributes - test-data . ; |

6.3.6 & Follow Along: 00 OO0 O0O0O0OODO

boooooboboboooboobobooboooobobooboooobOobooboboobooooboOoon
Q4 Designer 00 00 0D0D0DD0O0O0O0O0O00000@EOOOOO0O00O0O0O0O0O0O0OOO)T Windows
ooooooooooboooooboooobobooooboboOoooooooOooooOooSsuoboboooDboboOooD
oooooOob0oo0ooobDodUbm00000000D00O0OOOOODOO:

goo: Obooogo Qt gboooooobobooooboooobooboboooboobo Q40O
oooopooooQQsoOubooooboon

O
O

sudo apt-get install gté4-designer
Lo oooobb bbb bbb oo oooboobbo

* WindowsD 00000000 OO0 @OOOOODOoOSOOOoOoOoOooDOoOOoOO)Qboooooboo
gooo

- J000D0OO00OOODOOOODOOOOODOODOOOODOOO:
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86006

New Form

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

Widget

Widgets

(v Show this Dialog on Startup

| Open.. | | Recentw |

Cancel OK
Embedded Design
Device: Mone -
Default size s |

Screen Size: l

|_ Close | E_m_i

- 00000 @OOOO0)DOOOD ODOUODOODOOUOO0 O LineEdit000D000O00ODOO
- J000D00ODODOUODOUODOODUODbLOOOODOODDOOOOODUODOD LineEdeO0OO0O0O

ooo

« LineEdit000O0O00D0OO0O00DDOOO0ODOOOOODOOOOODOOODODOO(@OOODOOO

a):
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Filter

lineEdit : QLineEdit

Property WValue
QObject
objectName
QWidget
enabled ¥
» 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 E
» 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 ]
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U0 Name OODOOOOO
OO000DoooOo SpinBoxOOOOOODOO AgeOODOODOO

ObOO0O000b0 00b00000 LebelDO0DOOOO0OOOOODOOO0OODOO@MODOODOOO
oo obooobobOoboooboo)oooobo @oooobooboobo)ooboooobooooo
ooooboooobooboon

ugboobooboobooboobood

oboooooooooooboobo@ooboooooobooboobobobobobooboo)yoon
obooobOooooooboooooooo

O000000000O0D00O000D00 200 (width)x 100 (heighty OOODOOOO
exercise_data/forms/add_people.ui U000 00O0O0OOODOOOOOO0O
0000000b o4O 000 0Do00o0oo0nooooono

6.3.7"FOIIOWAlong:DDDDDDDDDDDDDD

QGISO 00000

OO0 test-data D00 000000 DOOOO0OOOOOOODOOODODODODO
gbooboob obooboboobobbooboboobooon
ubogbuobooboboobobbobibd w-0bOoboaboo oabooaon
U000ob0000b00b00000000 add_people.ui 00OOOODO:
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ene & Layer Properties - test-data
“¢  General Attribute editor layout: | Provide ui-file al Python Init function l:l
= Style w Fields Edit Ul ‘se_data,fforms,fadd_peopIe.ui‘ EI
Ol = 5P E
— Id 4  Name Type Type name ey Precisi
4 Rendering ] name QString | string 80 0
% Display 1 age QString | string 80 0
@ Actions
: " Joins
IER Diagrams
'ri Metadata
P Relations
Suppress attribute form pop-up after feature creation | Default &l
| Load Style ... || Save As Default | |  Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | @

ooooboo0oooooboookbOoooooooo
booobobooobooboooobooboooooboon
- JO000DO0OU0O0ODOODODODOOOO @GISODOUbDOoObOOobDOoboooO)g

- 00000 O0COO0OO0OO0DOOOODbOO1IODO0DbOO0ObOOO0OOOOOOOOO0ODOOoOOOO0OO0
ooooboooobooooobOoobobooob0ooboboooboooooboOobooooOoonn
goo

boboobooboobobooobooboooboobooooboobooooobooooooooDo
oboobooboboooboboooooboboooooDboon

6.3.8 In Conclusion

gooboooboooobooobooobooooooooboooboobobooooobooboOoooboOoooDn
gboboooobooboobooboooooboobobooooobobooboobooboboooboOoboOobn
bboobobobooboobooboobooboobooboboooooboooobooboooon
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6.3.9 Further Reading

oob0o0obooooooboocobooobOppythonO 000000000 ODOOOOOOOO ODOOOODOO
UbogobOOPythonOOOOOOOODOOO0OOODOOOOODOOODOOOOODOOOOODOOOOODO
gbobooboobooooboobooooooo

6.3.10 What’s Next?

gbooooobooboboQQGIstubouoooogoob 1boboboboboboooooobOoboooo
ugboobuodgbuooboobgbboouooboobobbobooboaa

6.4 Lesson: OO0

gbooooobobobooooobobooboooobobooooooooboboboooobDoobo
oboboooobOobobooobooooboobobooooooobOobOoboooooooooboOoDoDn
gbbooooboboooooooboboobooooboboboooobobooooooboOoboOoon
oooooooooboooooo!

gboooboobo:-0boobooboobobboboobooo

6.4.1 V Follow Along: 00O OO

OO0O0000 school_property D00 000000000000 DDOOOOODOOOOODO30000D0
ubboobooboboboooobobooooooobooboooooobobobooooobOobooo
goooooooooboboooobooooooboooobobobooooboooooDoo

[
6.4.2 VFoIIowAIong:DDDDDDDDDDDDDD
school_property 00 0 0000000000000 0D0O000OODOOOODODOOOOODOODOOOO
DO00oo0oooo

- 00000000 00000000000

- 00000 00000000000

- 00000D00D00O0DO:
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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,fadd_peopIe.ui‘ EI
€I Labels =]
ld &4  Name Type Type name Length Precision
Rendering o] id int integer 10 0
% Display 1 name QString | string 80 0
@ Actions
4
¥ Joins
IER Diagrams
)
(' 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 | @

- J0000O0OD0OO0ODO:
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General
= Style

€I Labels

Rendering
% Display
@ Actions
4
¥ Joins

IER Diagrams

’i Metadata

# Layer Properties - school_property

Attribute editor layout: | Provide ui-file

.

v

Python Init function l:l

¥ Fields

Edit Ul ‘se_data,fforms,fadd_peopIe.ui‘ EI

:

ld &4  Name Type Type name Length Precision
] id int integer 10
1 name QString | string 80
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

- J0000O0OD0OO0ODO:
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- J000DOO0OO0OOODOOOODOODLOOOOODOOOO OO0 OOOODOOOODOOO

Mame image

Comment

Type | Text (string) s
string

Width | 255] (3]

Precision

000 O00OO0ODODOODOO0ODO:
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Line edit
Classification

[ Editable
|| Label on top

Range

Simplifies file selection by adding a file chooser dialog.
Value map
Enumeration
Immutable
Hidden
Checkbox

Text edit
Calendar

Value relation
UUID generator
Photo
Webview

Color

Cancel ] [ OK

- 00000000 O0OOOODOOo oKkOOOOOoOOooO
- 000000 0OD0OOO0DO school_ property 1000 3000000000000000O00OD0OO
boboobobooooboboooboobooooboboooboOobooooon:
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name |school_campus

image  |NULL

- 0000000000000 megeOODOOOOODO ..0HO

- J0U000O0DDODOODODODO exercise_data/school_property_photos/ 000000
ooooobooooobobooooooobobooooo

okOooooooooo
ooooboooobobooooobooooobooo
gboooboooobooboooooboooo

6.4.3 0 Follow Along: OO OO OO0OO

e school_property 0000 O0ODOO OOOOOODOOO
- 0000000000000 O00O0O0O0O0O0OD 0000 OOOOOO:
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[sNals) . Layer Properties - school_property

. General ¥ Action list

= Style Type Name Action Capture
€I Labels

E=S Fields

Q‘ Rendering

% Display

@ Actions

d a
* ¥ Joins

IER Diagrams

"’i Metadata

&3 kv = | Add default actions |

¥ Action properties

© Type | Generic | [ 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 |

JodoOooOoOOo0O0O000oo0oboOoOoOooOoOo0o0o0o0ooooOoOobOoO0o0o0oOoooooooboooOooa
od:

Windows

000 O0O0O00O0O0OOODOOOOODbOODO OO OOObOnO

Ubuntu Linux

* Gnome Image Viewer U DU OO D000 Action ] eog 0000000 ImageMagick DD DO OO0O
O displayO0OO0O0D0OO0OODOOOODOOOOO1000DOO0O0OODOOOODOO!

MacOS

000000000 ODOO0DO0OOODO0OO0 MecODOOOODOO
00000 D openODOD0O0OOOOODOODOOOOD 1IDO0O00O0O0O0DOOOOODODODO!
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gooobooooon
gbooooooboooboooooaGIsSoboooooooooobooooooooooobobooobooonn
obooobooooonbooon

« 00000 imageOOODOODO:

w Action properties

Type | Mac +| [ |Capture output

Name |Show Image

Action | open [% "image" %) |:|

id
| name | B
| Insert expression... | | image ;|| Insert field |

| Addtoactionlist | Update selected action

- J0000OO00D0DOOODOOODOOOO0OOQGISO ODOOoOO 000000 [% "image" %10
ooooboog

- J0O00ODb0OODOODLODOODLOODbLOODbO0

- J000DO0O0DOO0OOOODbO OKOOOOODbOODOO
obooobobooobooboooooboon:

- 000000 O school_properyy D0 OO0 DO0OO0O0O00DDOOOODOOODO

e JO0OU0OOOOOOODODODODOWWOLOOUODLDOLD ODUOLOUODODULODUOUOUOOO
a):

<

uobooboobobooboooboooooooboobooooooooooboobooboonn
ooool1goooooboobooboooo

gboooboobooobobobooobobooooDboon
- J000DO0O0OOODO300000DO0O0O0O0O0OOOOO0OO0
- J000DOOOODOOOOO

6.44 % Follow Along: 0000000000

obooooboobobooboooobobobooooobobooooooobooboooobOOobooon
boooooboboboooooooboboboboooooobobobooooOobOobOoboOoon
0000000000000 000D000000000 GoogleDDOOOODDDOOOODOOOQGISD
ooooooboooooooo!

e landuse 00D 0OO00O0ODOOO0OODOOO
name 00000000000 O0O0O0O0O0O0O0O0DO GoogleIDOOODOOOODOOOO
- 0000D0OO0O0OD0OODOO
- J000DbOUOOODOOOODOODODO
- 0000000000 -000000D00 GoogleOO OOOOOOO

d0d0oooOoOOoO0o0o00o00ooboooOooOo00o0o0oooooOoOo0o0o0ooOooooooooOooa
od:
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Windows

- J00D0DO0OO0O0D0O00O0DODOON0 Windows O InternetExplorer 1 0 OO 00000000 O0O0O
ooooboboooboobon

Ubuntu Linux

00000 0O xdg-ocpen0O0000O0O0O0OO Ubuntu Chrome O Firefox OO0 O0OOO0OO0OO0O
obooooOoboooobooboooogoa

MacOS

s J000O0O U open0OIDOOOOODOO MacOSO Safari 00000000 OOOOOOOODOO
uboaboooboodd

oooobooooon
gboboobobobobobooboooooboboboobooooboboboobobobon
Google U0 ODOOOOODOODOOOODODODO

OO0 Google DOUOOUOUODODO Google UDDDDODUOUOOOUODODOODODUOODDUOOUOUOODODOO
000000000 00O0Google0OODDOOODOOOD (ODOUODODOODOOO))OODOOO
0000000000 http://www.google.com/search?g=SEARCH_PHRASE L O OOOOOOO
SEARCH_PHRASEODOOOOOOOOODOOOOOOODODOOOOOODOOODOODOOOOOOOOO
0{@doooooo)yoooooood

- 0000 DO0O0OO00ODO http://www.google.com/search?qg=000000000000O0O0O
O0000ooOo0o0oDooOoooooooooooooooa!

QGISOU00D0D0ODUNDDD name OD0OO0ODODOO GoogleOOODODOODODDODO
-0 000D00DOOODOODOD
- J000DOO0OO0OOOOOODOOO:
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000 o Layer Properties - landuse

. General ¥ Action list

= Style Type Name Action Capture
€I Labels

E=S Fields

Q‘ Rendering

% Display

@ Actions

d a
* ¥ Joins

IER Diagrams

"’i Metadata

&3 kv = | Add default actions |

¥ Action properties

© Type | Generic | [ Capture output

Name |Coogle Search |

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

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

Add to action list Update selected action

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

| Help | [ Apply | | Cancel | E

gooQaGISOoooooobooon:

Type [ Mac

Name Coogle Search

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

ooo0obooDooo0oaobaD QGIS oo0oo0oooDooooboooo0oDboDbDon.

http://www.google.com/search?g=[% "name" %] U0 0OOOOOOODOOO [% "name"
$10QGISOD0IONDODND name 00 DODODODDOODOODOO

000000000000 00D0D000D000 Marloth Nature Reserve DO0ODDOOQGISOOD
000 http://www.google.com/search?g=Marloth%20Nature%20Reserve U0 O0O0OOO0O
0000000 Google I OO0 O Marloth Nature Reserve” DO OO O OO0OOO0
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000000000 DOOOODOOOOODOODOOOOODOOn
- J00000O0DO0OOLbOODbOOO0OOOODbOOODOODbODODOOOOODObOOOODDOOO
- 00000000 O0OOOODOO oOKkOOOOOOOOO

gboooboboooobooooo

000000 0O landuse 0D 0DO0OODO0ODO ODOOODODLDOODOD OODOOOOOO
oo

- J00000O00DOO0OOOOOOOO0DOOO0O0O0OO0OO0OO0OO0ODO0O00DO00000 nameOO
000000000000 GoogleDOOOODOOODO

gbod: bgbgooobgoooboboobobobooboobooobooboboboboooboobon
obooooOoboooooobooooooaono!

6.4.5 V Follow Along: QGIST 00 WebO O OO OO

obooooooboooboowebOOOOOOOODODOOOOOOOODODOODOOOOOOOODOOODOO
gboboooobooboboooooboobobooooboobobooooobOoobOobooobooboOoboon
ooooo0obOoooboooooooooOo?0obO0OobOOoOoOOOoOoDOoOOooSbObOOoOoooOoD
goboobooboobooobbooboooooooooooboooboobbooboooboooosuoO
goboooooboooboobooboooboooboooboooooooboboobobDobobbobOoDbOobo
obooobooooooobooog

gobooQaGISOouoooonooobooboobboQuibOoOboonooooonbobbog QGISOO
uoboooboobooboobo@boobbooobooboooboooooooboOoobooDo
O)python OO OO OODOODO!

U0 PythonODOODOOOOO0OOO WebOODODOOOOOOOOOOOOOODOODOOODOODOOOO
0000000000 0000000Qt40 QWebView OO (webkitODOO OO HTMLOOOOOO)OO
gboboobOoboobooboboooobooboooooobobooboobobooboooboOoDboOobn
goo

OO0 Google OO OO WikipediaO D ODOOODODODDOODODODOOODOODOOD URLODODOOOO
goo:

http://wikipedia.org/wiki/SEARCH_PHRASE
oooooobooooobooo:
- 00000000 DOODODOU0ODOODODOOD ODDOOODODOD
- J000DO0O0ODOODODOOODOODODODODOODUODODOODODO
— 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" %]17));
myWV . show ()
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8.0.68 /! Layer Properties - landuse
" General ¥ Action list
= Style Type Name Action Capture
€3 Labels Mac Google Search ﬂ?t;:r:’fww.g... O
= Fields
q‘ Rendering
% Display
: " Joins
IER Diagrams
'ri Metadata
[ ¥ = __Add default actions_|
¥ Action properties
© Type | Python 4| [] Capture output
Name |Wikipedia |
Action | from PyQt4.QtCore import QUrl; from PyQt4.QtWebKit import QWebView; myWvV = l:l

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

| Insert expression... | | OGC_FID s || Insert field |

Add to action list Update selected action

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

| Help | | Apply | | Cancel | EE

oooo:

0000 Python0DDOOOO0DOOOODOOOOODOOOOO 100000000 (00O Python O
uboboobooboooboooa)d

« [% "name" %] 0000000000000000000O0000000OO0000 (MO0O00O0
00)0

- 00000000 owebviewOODOOOOOUOOOOOO URLOODOOOOOOODOOODOO
uboooboooobOoboood show()y OOOOOOOO

goooboo0ooooo0oooboooooooboooooobopPythenODO000D0OOO0OO0O0ODOOOODDOO
gobooobOooboooooboooboboooboooobo0oobo0ooboobooooboooobndPython
gboboobOoboobooboobooooooboboooooboboooboobOobooooboOoDboOobn
goood

gboboobooboobooboobobooobooboboooboobooboobooboboobooobooboobn
obooobooooooboon

- 00000000 WikipediaOOOOODODOOO WikipedaOODOOOOOODOOOOOODOO
gooono

6.4. Lesson: 00000 145



QGIS Training Manual, 0 000 2.8

6.4.6 In Conclusion
0000000000000 0000000000000000000QGISODDDNN0NNNNnnO

oboooboob0OpythonOO00OOO0OO0O0O0O0DOO0O0OOO0OO0ODOODOOOOODOOODOOOOOOODOO
gbobooobooooboboooobooooboobooooon!

6.4.7 What’s Next?

gbooobooboobooboobobooboboobbobboboboboobbobbobbobbobbon
uboabouobobboobooboobooboobn
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ooboooboooboooboooboooboooobooboooobooooboooboooobooobOooobOOooobOOoooDon
gbooobobooobooboobooooboobooboooboooooboboooboGISsooooonn
gboooboobooooobooon

GgISOODOODOoOooOOoDbOo*aIShboboooooboooooo*o

gboooooobooooooacIsoboooooo ooobo oooobooobooobooooooboonn
ooooo0n SwellendaemOO0O00000O00O00O0O0O0COOO0OO0OOOOOOCOOOOOO:

1. Swellendam O OO0 OO0 OO0

2. 00000000000000000000D00DO00O00 IkmO0O00O0OO0ODOOO
3.000010omO0000O00O0O00O00OODO

4. 000000 SomOO0O0O0O

5. 0000000 scomO00CO0O0O

gbboobboobbooboobbobboobboobboobbobbobbobbobbobboboban
oboooqGISooooobooooooooon

71 Lesson: 0 000000000

oo00O (CRSs)Doboooooooooooooooboooooooboooooooooooboooonn
ooooooboooooon

gboboobobobo:-00b00000000000D00DO0OO

Y
711 V Follow Along: O O O
oob0oo0ooobOoooOobobooboOo cRSO wGS4Oooooooooooooooooooooo
ooooooooooeesooooooOoooooooooooooooOoooo
- 00D0000DDOOOODOO
* exercise_data/world/world.qgs DO D0OODOOOOOODOOOOO
* 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).

ubodgooboobooboobooobooboobobobobn
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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: “O0 00000000
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.

* NSIDC EASE-Grid Global DO D O00OO0O00O0OO0O0O0ODODOOOOO  oKOOOOOODOOO

- J00O00O0ODOOODOODOODOOOOOODOOOODOODOOOOOOOOOOODOOODO
uoooboooooo

« J000DO0ODO 1:500000000000000D0O0OOO
- 000000DDOOOODOO
- 00000DODOOODODOOODODODOO
“000b0oO0r”0boboobocecrRSOU0bDOobOoboOoobDOoboDOoOooOobOobooOooDOobDOon
“OD000O0DO”DOO0O0OODbODbOObOOn:
- CRSOOOO0OOOOOOOobOooOobooobOOooo
- ‘D00000’cRSO0O0O0DOODOO0ODOOOODDOOOODO
— 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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oooooOoooOoOo
goobooooooboooooboooooobobuooooo

¢ Right-click on the RSA layer in the Layers list.

- 0000000000 D0DDODDODOO
00000000000000000000000000000000

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.

ocooooog:
* Click on the CRS Status button again and switch Enable ‘on the fly’ CRS transformation on again as before.
* Zoom to the extents of the RSA dataset.

Now, because they’re made to project in the same CRS, the two datasets fit perfectly:

QGIS 2.0.1-Dufour - world
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006 Layers
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W

%

Ve

L

Toggles the editing state of the current layer &/ Coordinate: | 165521,-2327525 | Scale (18138159 (- [&/] @ Render £PSG:3410 (@) |

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:

0000 —-00000..00000ccRSOUODOODOOO
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- J0000DOODODODOOOOOO, 000 DOobLOoOO0O’0D0000O00OOOO0b0O000O 0
ooooooon

713 © Follow Along: 00 CRSO O O00OO0OO0OO0OOOODOOO
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.

- 00000D00OD00O0O0O Swellendam OO OOOODOOCOOODOO

* Open the attribute table for the buildings layer.

« kbd:AREA‘ 000 0O000DDOOOODOOOODOOOOO

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.

- 00000D0ODOOOO0ODODOODODODOO

* Change the value of the Layer CRS dropdown to Selected CRS.

- J00000DODOO0DOOUUObOODOODOUUOODDOOD

« CRSOUOODODODOOODODODOOOODODOOOD

e iguilabel:‘0 0000 ‘0000000 kbd:¥34S'0 000000
« 00000 :guilabel:*'WGS 84/ UTM zone 3450000000

» Leave the Symbology export unchanged.

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

150 Chapter 7. Module: 00 OO0



QGIS Training Manual, D OO0 2.8

| ESRI Shapefile

Save as

L’nes,l’Drobofsites,fqgisfbuildings_reprojected.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:
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OB Field calculator

[ | 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 ] i—ﬂﬁ—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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006 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

.
r

(3~

Function List

Selected Function Help
Search |

leisure Field
man_made
military
natural Biaht_Click on fiald nama tn anan contevt mano 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

=[] - o] A0 (]

Expression

"AREA" * 0.0001

Output 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: 00 OO0 OO0OOO

There are many more projections than just those included in QGIS by default. You can also create your own
projections.
- 0000000000 OOn

* Load the world/oceans. shp dataset.

* Go to Settings — Custom CRS... and you’ll see this dialog:
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B _Custom Coordinate Reference System Definition

i i

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 s

MName: | |

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.

GCeographic /| WGS84 Destination CRS
North | I

Calculate

[ Cancel ] E—Dﬂ—i

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

An interesting projection to use is called Van der Grinten I.
«J00OO0O0CODODODODODODODDDODODODO

This projection represents the Earth on a circular field instead of a rectangular one, as most other projections do.
- 0000000000000 DODOODOODOOO

+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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OO0  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
| newCRS

[ & Add new CRS ] = Rermowve

Name: |‘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 J P—OK—-]

Click OK.

“00o0000rooooooobogooog

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

obooobOobooooboobooooobooboooobooboooooboon
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666 QGIS 2.0.1-Dufour
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00 Layers
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%] Coordinate: -9061255,16639808 | Scale (1086065361~ (| & Render USER:100000 (@) (4] |

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?
000D000000QGISODONDNONDNONDDNONDNNN0NDONDNNONDNNDONDNNONDnONonnoon
oooo

7.2 Lesson: 0O OO

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.

#»0Ooooooooo:=»OoooOoooooooooogooooooooooog

7.2.1 0 GiIsocoono

oooooooooeiSoooooooooooooboooooobooooooboooooDoooOoooD
gbobobOoboooobooooboobooo
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1. 00000
oooooo
oooono
goooooon

A

7.2.2 i 0o

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. Swellendam OO0 OO 00000

2. 00000000Db0bob0ooOobOooooD0DbOoO0 IkmbOoOOoOoOOoDOO
3.O00001iombOO0b0OOcOoOoOoboOooogon

4. 000000 somOOO0OO

5. 0000D0OboOosoombO0OO0OO0O

7.2.3 i ogo

obooobOooooooboooobooooooobooog:
1. gb00oooooboo @o)o
2. 000000000
3.00000000000
4. 000000

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.

OO0DO: 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.

724 i Follow Along: OO OO OOOOO

OO0 QGISOOODOODOOODO

* 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.

e osm_data.osmO0000 OO0 O0O0OOOOOOCO

- J000DDO0OD0ODOOO exceptthe other_relations U multilinestringslayer: OO0 O
Ooooooooooo
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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 | [ OK |

gbooobOobooooobooooboobooooooSMuOoooooooboooooo

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:

* Openthe 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.

gooo oooooooooo

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.
Ooooopooooooooog

e :guilabel:‘0 ‘00 0 O:guilabel:000 ‘COO0O0O0O0O0OODO0O:

00000 QGIS O :kbd:amenity O :kbd:‘school'0 00000000000 ODOOO0ODODOOOODOO

00000 DO0O0D0 amenity 000000000000

» Watch what happens in the Provider specific filter expression field below:
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J# Layer Properties - multipolygons | General

"Q General ¥ Layer info
Layer name |multipo[ygons | displayed as multipolygons
Lay 0.0 © Query Builder

multipolygons
Fields Values

v "
%" Rendering aeroway parking

place_of_worship
admin_level police
barrier pub
boundary restaurant
building retirement_home
craft
geological (
historic l

® Display
@ Actions

d q
¥ Joins

=R Diagrams Sample ] {

Use unfiltered layer

'ff Metadata

< [ > [ uke |[ % |[ N |[ NOTIN |
[ 1= J[ wke |[ anp |[ or |[ NOT |

Provider specific filter expression

"amenity” = [school'

| 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:
e O:guilabel:‘0 00 ‘000 :guilabel:="00000000000O0O
00000 schoolOOOOODOOOOODODOD
e OKOOOOOOOODODOO
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.

7.2.5vlTY|OSMDDDDDDDDDDDD

Using the above technique, use the Query Builder tool to extract the remaining data from OSM to create the
following layers:

e roads (OSM O linesOOODOO)
* restaurants (OSM U multipolygons OO QO OO)
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¢ houses (OSM O multipolygons OO OOO)
OO00000000D0D reads.shpOOOOOOODOOOODOOOO
goooo
 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 00O O OO0

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.

e 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.

obooooOobooooobobooooooboon:

00606 QGIS 2.0.1-Dufour - analysis

DRPLL/LR & 6B pE BE &0 5 0 BR

HS28H8FXNARS

8] Coordinate: [ 599670,6223028 Scile 1377101+ | Render 5632733 @)1

7.2.7 v Try Yourself 0 OO CRSO OO

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.

00O 0O: Inthis example, we are using the WGS 84 / UTM zone 345 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.
e Save as... UO00O0OO0OOOO

* 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 oo/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

gbobooboobooooboboooooboooooobooooooboooooboaoo
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OO 0O: 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.

00 roadsO0OO0O0O0O0O0DOOO

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 - Follow Along: OO OO O:0000000O0O0OO

QGISOU0b0oOooboboooboboooooboboooooD

* 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:
Oo0ooooooooooooo
«0000O0DDODOOO:
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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_50m.shp | Browse |

] [Elnse ] —

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.

e OKUDOOOOOOODOOOOODOODOOO

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.
Oo0o0oooooopoooooooooon:
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o
o
]

QGIS 2.0.1-Dufour - analysis
RS 2LoRNPLR/ALRE & @ B GE BE =0 52 1 BW

=

v © (% schools_34s

HSPADHBINARS a0

= srowser

%] Coordinate: 442032,6237250 Scale [1:20988 |-/ || @ Render EPSG:32734 (@) y

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 | [ oK |

- J000DOO0O0OOODOODOOOODOOODOOCOODOODOOOODODOO

* Save the output under the same name as before (click Yes when it asks your permission to overwrite the old
one).

s OKUOOOOOOOOOOODOOOOoOOoOooOooo
gboboobOoobooboooooboboooboobooooooono:
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006 QGIS 2.0.1-Dufour - analysis
DEDEBERELDRNSLL, PP LA LR & @ B3 & B E @0 o 7 B
4./ B BB & GEE Rl T S o - T

v

B o oo

B, |+ @ nouses 345

ﬁ: v E!.ca residential_34s

)] e S

@ 9" o a0

e o

7]

%

Vool

L4

BN Browser

%] Coordinate: 445586,6233727 | Scale [1:20088 |+ %] #Render EPSG:32734 (@)

gboooboobooooobooon

729 & Try Yourself OO0 OO OO0

* 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.

googo

7.2.10 0 Follow Along: 0O OO0

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 ] b—ﬂ—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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QGIS 2.0.1-Dufour - analysis

=Fe s

BOLSAROL LS 6 8 R & EE =0 R AR

v @ roads_buffer_som

4
»
@
al. 2
W
%
Vi
)

v @ roads_34s

v ™ houses_345

v © (9 residential_34s
v © (7 restaurants_34s

v @ schools_34s

<

BN Browser

%] Coordinate: 448242,6233230 | Scale [1:20088 |+ %] #Render EPSG:32734 (@)

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:

o
o
o

QGIS 2.0.1-Dufour - analysis

I B %

&3 @

=)

= |C

& > G [Eg g e e

BELORNS LL A HPLRLS & &Ry e BE =0 @2
R A&

=] Layers

]

v @ roads_34s

<o

* school roads intersect

v ™ houses_34s

=]
r

v & 0 residential_345

NSRS s

v @ restaurants_34s

v @ schools_34s S

O ,m-0
/

H S

WEESN Browser

Toggles the editing state of the current layer

7.2.11 0 Follow Along: OO0 OO0

1] Coordinate: 445555,6232023 Scale [1:20988 |+ [%/] Render £PSG:32734 (@) |

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 000O00O0ODOODO:

Select features in:

[ houses_345

that intersect features in:

l school_roads_intersect

|| Use selected features only

Modify current selection by:

[ creating new selection

[ Close ] —

eOKUOOOOOOOOOOODOODODOOO

* 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:

[sX:cXs) QGIS 2.0.1-Dufour - analysi:
DEBEBRBOR OB PLAAPLIALS & @By ke BE = %0 T BY
4./ BRBR =B EH =E=%38 %89

06 Layers
v ™ ' roads_34s

o 7 houses_34S
B, o 9 o residential 345
v @ O restaurans 345
v @ & schools a4

v @ school_roads_intersect

El

HSe8HH8F N

3230 feature(s) selected on layer houses_345.

Coordinate: 449019,6235886 Scale (14337 |+ %] & Render EPSG:32734
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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....

- J000DOOO0OOODOODOOOCOODn:

Format [ ESRI Shapefile

Save as igi5;’wel|_|ncated_hnuses.shp|[ Browse ]

Encoding [ System

 Layer CRS

WCS 84 / UTM zone 345

Symbology export I No symbology - I

CRS

Scale 1:50000 [+

OGR creation options

Data source

Layer

|| Skip attribute creation
™ Add saved file to map

e 000000 well_located_houses.shpOOO
¢ 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.

googo

7213 % Follow Along: 0 00000000000

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.
- 0000000000000 O0OOOOgn
- J000O0O0OOOOO:
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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

farea

Output preview: 3642.21533203125

Tlp‘ Cancel ] E—OH

If you can’t find AREA 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:
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# Layer Properties — houses_restaurants_500m

"Q Ceneral

¥ Layer info

%’ Style Layer name |houses_restaurants_500m

| displayed as houses_restaurants_500m

€3 Labels 606

Query Builder

&5 Fields Fields

houses_restaurants_500m

Values

“ Rende ring man_made
military
natural
office
place

shop
sport
tourism

® Display
@ Actions
4 Joins

= Diagrams

'ff Metadata

[

Sample ] {

Use unfiltered layer

< [ > [ uke |[ % |[ N |[ NOTIN |

[ >= J[ 1= |[ wke |[ anp |[ or ||

NOT |

Provider specific filter expression

"AREA" >= 100

| Help | | Test | | Clear |

Gancel |

( 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.

7.2. Lesson: OO 0O0O

173



QGIS Training Manual, D000 2.8

73 Lesson: 000 oQonO

20000000000000000000 GISOCO0OO0OO0OOOODODOOOOOOOQGISOObOOOO
gbooooOobooooboobobooooobooboooooboOoboobooboobobobooboOobOobn

goooogo
ubobooboboto:-00b000 Obo0ooobOoboooooboon

7.3.1 ﬂ Follow Along: 0 OO0 OO0

QGISOO0O00OO00bOO0O0booboobooooooooooobobbooboboOoooOoooOooonn
bobooooboobobooooboobooboboooooobobooooboobOoboooooboOoboon

gbboooboooobobooboobooooboobooooboooooboooo
ooooobooooooogooo:

« QGISOO0OOOOO0OOOODOOODOOODOOLD —0O00O0ODOOOOODOOOOOD..O000D0O0

bobooboobooooboboobooooobooooobooboooobooo
- J000D0OO0O0OOODOOOODOO:

808

Plugins | All (178)

ETY Installed

3 Not installed

ﬁ Settings

Search |

[ ~¢+ Coordinate Capture All Plugins

[ | fi Dxf2Shp Converter

— = On the left you see the list of all plugins available for your QGIS, both
L eVis h h . -

- installed and available for download. Some plugins come with your QGIS
|:| Georeferencer GDAL installation while most of them are made available via the plugin

|| |&¢y GPS Tools repositories.

I:' Heatmap . . You can temporarily enable or disable a plugin. To enable or disable a
':' “ Interpolation plugin plugin, click its checkbox or doubleclick its name...

|| & OfflineEditing

(]

Oracle Spatial GeoRaster

Raster Terrain Analysis plugin
Road graph plugin
|\ Spatial Query Plugin

) g sPIT
O ?SQL Anywhere plugin
(] Topology Checker
[ 'S Zonal statistics plugin

i Crayfish

Q;!-“ Datasource Importer
&4 DB Manager

g;!-“ Elevation
™ ‘ fTools

}f Freehand Editing

. CEarthView

o Generalizer

- geoUmbriaSUIT

| Help |

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 |

 J0bO0b0ODbODOODbODbObO0ObO0ObOO

gboooobooboobobobob 00 -0OO0ob0 O0oO0OooooOo o
goooood

gboboobOoboooobobooooboooboog:
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0006 QGIS 2.0.1-Dufour

DOBBORQSLSLS S BPLQALR & G bles BE =D 50 5 B Y
4./ B 0 B & s> e B T o

26 Layers
er |
"
®,
4
»
@
@
@
%
Viy

©0  stonestpan

Start

3]
stop
3]

Griterion (Tength 3

Length

Time

Calculate | | Export Clear |
 itHee ]
%/ Coordinate: -1.343,-0.084 Scale (1509369 1+ |9/ ¥ Render EPSG:4326 (] y

7.3.2 ‘ Follow Along: OO OO OO

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.

- J000D0O00O0O0DOODOOOOODOOOO(@OOOObOOObOObOObOOoOO)g
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Time unit

Distance unit [ kilometer

Topology tolerance | 0.00000

GGG EGLEETT A Default settings J—.

Layer [ roads_345

Direction field [ Always use default

WValue for forward direction |

Value for reverse direction |

Value two-way direction |

Speed field [ Always use default :] [ km/h

[ Cancel ] _

«JO0000:00

- 00000 km

000 : roads_34S
O00o0DoOO0:.:00000000040 /km/h
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Time unit

Distance unit [ kilometer

Topology tolerance | 0.00000

r—[ Transportation layer [ eloElH 8200 15

Direction [ Two-way direction

Line lengths

160 8

[ Cancel ] —

e 00:000
«00D00O:60

7.3.3 0 Follow Along: 00O OO0

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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eoe QIS 2.0.1-Dufov
DEBBLRR NS AL AHPLLER & G B GERBE =50 1 BY
Al B OB E D[ SRR R8RS
v 00 Layers.
ml :
) .
VA
» \
: E
@ \ N
% B J
Vor N
)
e Growser
06 Shortest path
start /
/

stop

e C— «

Length

Time ya

Calculate | [ Export | [ Clea e \
< Help
Coordinate: 440758,6236550 Scale [1:20800 |+ (%] ¥ Render EPSG:32734

- 000000000000 DOOODODODODND wguilabe:*' 0000000000 OOOOOO0O

oooo
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Browser
(x N =] Shortest path
Start
El
Stop
.5
Criterion [ Length :]
Length
Time
[ Calculate ] [ Export ] [ Clear ]
[ s+ Help ]

- J000DOO0OO0OOODOOOOOO

* Use the Capture Point button next to the Stop field and capture your chosen end point.

e :;guilabel:‘'00 ‘00000000000 DODOOOODOOOODDOO
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[eXeXe}

QGIS 2.0.1-Dufour

DoEBL®R O

4. J B 0B &

006 Layers —

$PLANRNPLLHR X G B e BE =0 B
< =FEsE e DS

T B %

]

Stop
(452154,6.23602¢+06)
Criterion [ Length
Length 15.2042km

Time 0.253403h

[ Calculate Export

Clear

( 5% Help

Va
¥ =
@,
]
»
@
553
W
%
Vov
)
I sowser |
00  shonestpath
Start
(440601,6.23795¢+06) [¥

) [+

] Coordinate: 446425,6234090 Scale [1:20800

734 & Follow Along: O OO OO

) |9| @ Render EPSG:32734 (@) y

00O : Lesson 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.
0000000000000 00000000000 DO0000DO0OO0ODoODoooOOoO
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e b &S
5P

"1+ Select Single Feature

EY Select Features by Rectangle
il Select Features by Polygon
¥ Select Features by Freehand
{11 Select Features by Radius

* Select any main roads in urban - but not residential - areas:

QGIS 2.0.1-Dufor

AR 0 Gl BE =0 30 T B

S 8HH8FN

Browser
26 Shortest path

[

Criterion
Length

Time

(Bsport ) (Gmar )

8 Help

Toggles the editing state of the current layer

Conranat: S 6082 [7)[5) @ Render 55632734

(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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¢ Set the SPEED value for all the selected streets to 60:

183010770 Cooper Street

183080638 Kerk Street

183080642 Swellengrebel | tertiary
238808188  Voortrek 5t... | secondary

238992238 Cooper Street | residential
238992244 Somerset St... | reside

aerialway

barrier

"lanes"=>"2"
"lanes"=>"2"

37608761 Berg residential

4937372 Voortrek St... | tertiary "lanes"=>"...

55692509 Cooper Street it NULL

55692517 Kerk Street "surface"=

59406669 NULL 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
9s | 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

&4 Show Features Visible On Map

i1 Show Edited and New Features
Column Filter >
L1 Advanced Filter (Expression) $8F

Adtribute table - roads 345 :: Features total: 302, filtered: 302, selected: 11

183010770
183080638
183080642
238808188
238992238
238992244
37608761
4937372
55692509
55692517
59406669

Cooper Street
[

Swellengrebel | tertiary
Voortrek St.... | secondary
Cooper Street

Somerset
Berg

Voortrek st...
Cooper Street
(B
NULL

|4 Show Selected Features

In context, this means that you’re setting the speed limit on those roads to 60 km/h.

e J000D0O0O0OOODOOOOODOODOOOODOODOOO
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[XeXe) QIS 2.0.1-Dufor
DEBBLRR 0 AL ANPLLALER & G e BE = 9 52 1 BW
4./ 8 %RE L0 =88 % wE
8 s 35
¥ ool
4
»
@
]
@
%
Vv
)
—
ayers [ETR

06 Shortest path

start

Stop

Criterion (length 3

Length

Time

Calculate | [ Export | [ Clear |
5% Help

10 feature(s) selected on layer roads_34S. 9| Coordinate: 447065,6234491 Scale [1:16082 |+ || @ Render EPSG:32734 (@)

- 0000000000000 O:Okbd:'0DO ‘O0O:kbd:¥12000 000000
- J000DOO0O0O0ODOOOODODbOOOOODObOOODODOD

* 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:

G5 2.0.1-Dufo
BLR OSPLANPLLALRS & B bEBE =050 1 BY
RAGLE B S E SRS

S8 BHBIXNARS &0

=T srowser

Y-} Shortest path

Start
(446970,6.233560+06)
stop

(449696,6.2355¢-+06)

0 feature(s) selected on layer roads_34S. & Coordinate: 446558,6234002 Scale [1:14074 |+ %] @ 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
S BELOR OSRAAHNPLLALS & & G & BE =0 32 5 BY

2.0 R & o> EESB %S

Layers.
/(7 restaurants_34S

N

v V' roads 345

S 8DH8FNSAES 80

T srowser
20 Shortest path

Start
(446970,6.23356e+06)

+

stop
(449696,6.2355¢+06)

L) [

Criterion [ Length
Length 3.88100km

Time 0.0646606h
| Calculate Export. Clear
53 Help

0 feature(s) selected on layer roads_345. ¥ Coordinate: 448559,6231867 Scale [1:14074 1] &/ 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:

000 QIS 2.0.1-Dufour
DEBBLR OSPLAFBPLLALL & 6 B e BE =m0 o B W
Y. J 8B 5B & s A IS -

o
Vol
L
.ﬂ
4
%
Vv

Browser ]

00 Shorest patn

Start.

(446970,6.23356e+06)

Stop

(449696,6.2355¢-+06) [+

Crteion

Length 6.07526km

Time 0.06009h

Calculate Export | Clear

L & Help J

0 feature(s) selected on layer roads_34S. Coordinate: 445133,6233451 Scale [1:14074 |+ 9] @ Render EPSG:32734 (@] y

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!

obooooOobobooobobooobooboooooboobooboobobooonog

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: U OO0

00O O: Lesson developed by Linfiniti and S Motala (Cape Peninsula University of Technology)

oobooobooooboooobooobooboboooooobooboooboooobooobooboooobO0oooDoon
QGISU00O0OObobOoOouooooooooboooooboooooooooobooOooOoooobooOooooDooOon

=0OoooDooooo:*=*QaGISOOO0U00booooooooooon

; 3
7.4.1 vFoIIowAIong:DDDDDDDDDDDD

gboboobobooooboooobooboooobobooooboobooooboooo
goooboooobooboobooboobobbobboobooboobooboobooobob
gboobooboobooboobooboogabn

- J00O0DOOOODOOOOO

e roads_34S 0000 exercise_data/raster/SRTM/ OO0 srtm_41_19.t1if raster (eleva-
tiondata) 0 0 OO OO0

o00: 0000 SRTMO DEM OO
gobooobooboobooobd
g

gbooobooboobooobgb

oobOOoobooooooocRSO0OOoooooooooooon
oooooooooooDoboobOobobooo bEMODOOOO

* 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
i ifroads_hull.shp

(M Add result to canvas

[ Close ] L—ﬂ—q

* Save the output under exercise_data/spatial_statistics/ as roads_hull.shp.

* Add it to the TOC (Layers list) when prompted.

ooooooooo

000 -00000 000000 O0OOOOOOOOOOOOOOOOOOOOOOOOOOOD
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Input Boundary Layer

[ roads_hull
Sample Size

Unstratified Sampling Design (Entire layer)

(») Use this number of points [B

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 ] H

* exercise_data/spatial_statistics/ U000 random points.shpOOOOOOOOO
e Add it to the TOC (Layers list) when prompted:
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0006 QGIS 2.0.1-Dufour

0 BELOR OSWLAAPPLLA LR & @ B & B E @0 o o B
=@ sn B

A e

|, @ roads o

B+ @V roads a4

Zols @ i snmars

»

@

=]

7]

%

Vool

440211.77,6227467.12 : 456769.25,6238463.39

446257,6235583 Scale [1:20800 |+ /| ™ Render EPSG:32734 (@) y

gooobooooon
- J000D0O0O0O0ODOOOOODOOOOODOOOOODOOODOOOOOOOODbOObOOODbOODbO
oooobood
000000000 DOOOODOOOOODOODOOOOODOOn

e Plugin—>000000000000000O0...0 point sampling0 00000000 0O0DODOO
ooooboooooboon

- J0000OOO0OODODODOODOODOLDOODLOLD =00 —-0O00D0O0ODOOODOOOD DO
ooooboooooo
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OO0 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 (polygon)
roads_hull : area (polygon)
roads_hull : perim (polygon)
srim_41_19 : Band 1 (raster)
Cutput point vector layer:

h ) ) o I?‘r.'alm:inclm_sarr1|:lltas.5h|::|| | Browse |

v Add created layer to the TOC

Status:
Complete the input fields and press OK | Close ] [

- 0J00000DOOOODODOOOODOODOOOSRIMOOOODOOOOODOODOODODODO
gooo

«“OD00D0000ODOTOCOOOOO”ODLOOOOOOODOOOOODODOD

* exercise_data/spatial_statistics/ U000 random_samples.shpO0OOOOOOOO
oo

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.

obooooooooooboooood:
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gboboobOobooooboooooobooooboobooooboobooooooo
bobooboboooooboooobobooooobooooboobooooooo

74.2 é Follow Along: 00 OO

OO00o0ooo0oooooooDooooooooonog
¢ 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.

eOKUDOUOOOODOOOOOODOOOODOODOOO
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Basics statistics

Input Vector Layer

| random_samples S

[ | Use only selected features

Target field
|. srt m_4 1_19 i

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 |

OO 0O: Youcan copy and paste the results into a spreadsheet. The data uses a (colon :) separator.
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A | B |
1 |Mean 3439
z |StdDev 254 4524748
3 [Sum 34390
4 |[Min 34
5 |Max 1226
& |N 100
7 |CV 0.7 399597 49
& [Mumber of unique valur 91
9 [Range 1192
10 |Median 265

- J0000DDODO0DODODOO0ODODODOOO
To understand the statistics above, refer to this definition list:
OO 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.

OO0 DOooooooogoog
OO0 DoOoOooooo

OO0 Dooooooo
NOOOOo/oooogo

Cv 0000000 spatial covariance

00000000 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 OO0 O0O0OOOOOOODOO

OO0 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.

7.43 ¥ Follow Along: 1000000000

» 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.

e JO0O0OODO distance_points.shp OO QOO QOoood
cooooo0o0ooOoooooooOooooogoooooo

* 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.

- J0O0OODbOO0ODOO:

192 Chapter 7. Module: 00 OO0


http://en.wikipedia.org/wiki/Spatial_covariance
http://en.wikipedia.org/wiki/Covariance

QGIS Training Manual, D OO0 2.8

Input point layer

[ distance_points

Input unique ID field
id

Target point 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.
e OKDODODOOOOOOODDODODODOOOOOoDDODOd

¢ 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

744 0 Follow Along: OO OO OO

gooooooooood:
¢ 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:

Mearest neighbour anﬁis .

Input Vector Layer

[ random_samples

Nearest neighbour statistics

Parameter Value
Observed mean distance 2690.47429422
Expected mean distance 2765.6230938
Nearest neighbour index 0.972827533967
N 100
2Z-Score -0.519828321726

Press Ctrl+C to copy results to the clipboard

OO 0O: 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: OO 0O O

00o0DoOooooooooooooon:
* 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.
- 00000000000 DODODODOODOOOOOOOOn
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.
- 000000000000 (Layerslisy ODODODODODODOO

As you can see from the example below, the mean coordinates and the center of the study area (in orange) don’t
necessarily coincide:

066 Qals
BLORINSLLAAPL QAL & & pE BE =9 52 1 BY
o B /& v @

b e [ aa op e @ an on cs

8
oo

Y Y YIS
amao

There is a plugin update available Coordinate: 977103,6235674 Scale [1:174,204 |+ ] @ Render EPSG:32733 (@) [ y

7.4.6 0 Follow Along: 00O OOOOOOO

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.
- J00O0OOODODODODODOO

* 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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- J000D0OO0O0OOODOOOODOO:

000 Layer Properties - srtm_41_19 | Histogram

% General

-.'.: Style Raster Histogram

|l Tran sparency

B4 Pyramids

] Histogram

ri Metadata

Frequency
_!.U
(=]
(=]
=)
P

2,000
1,000 —
4 Nﬁ 1 'II
f il
{ I
Al 7 R g i AR
o I — -
T T T T T T T T T T T T T T . T )
0 500 1,000 1,500
Pixel Value
M Band 1
Set min/max style for | Band 1 &) Min|0 |5 Max004.11 4 @, prefs/Actions 5]
| Restore Default Style | | Save As Default || Load Style ... || Save Style ... |
| Help | | Apply | | cancel | | oOK |

* 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: O OO OO

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.

e 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.

7.48 ° 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:

O00O: 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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i
74.9 - Follow Along: 00O OOOOOOO

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]

» & Generic algorithm provider [1 gecalgorithms]

» /7 LASTools (Tools For LIDAR data) [2 geoalgorithms]
» & 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]

» om 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.

i
7.4.10 4 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.

- J000DOO0OO0OOODOOOOOOODbOOOOO
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SAGADOOODOOOO

O0O0O: 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.

Windows O

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.

Ubuntu O

* 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.

Mac O

Homebrew users can install SAGA with this command:
e saga-core | BREW O OO QOQggd
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

goooooo

Now that you have installed and configured SAGA, its functions will become accessible to you.

SAGAOD OO

« SAGAODODOODOOOOOO
* 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

Poinks
random_samples

Yertex Distance [Degree]
5

Mean Centre
=nksfexercise_data/spatial_stakistics/sppa_mean_center.shp
Skandard Diskance
wcumentsexercise_data)spatial_skatisticsfsppa_std_dist.shp
Bounding Box

Documents)exercise_daka)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.

-
7.411 %" Follow Along: 00101010 00

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

WaLLE

7.4.12 In Conclusion

QGIS allows many possibilities for analyzing the spatial statistical properties of datasets.

7.4.13 What’s Next?

0
[
&
3
n

Mean Average
Minimum

Mazimum

Skandard Deviation

Cuplicates

£0233,45817348
424,05860061
Q7 F5.35250512
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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v
8.1.1 Follow Along: 00000000000

* Open your analysis.qggs map (which you should have created and saved during the previous module).
e solution O important_roads 0 000000000000 O00OO0OODOODOOO
- J00000DODOO0OOU0DODOODODOO
o
O0OO000D000 00D000DO000bO000b0O00O00D0DO0O00DO exercise_data/raster
ocooooo

- 0000000000 0DDDOOD ctr1 000000 4000000000000 0O0DODODOO
ooo

gboooooobobobooooboooboobooooooobooboboooooobooboooobOobobo
oboooooo?00b000bO0oO0O0oOo0oboobooobooobo0oooobooooboocobOo0ooDn
boboooobobobooooobobbooooobooboooooobOoboboooooboOoboon
goooooo

0000 O0ODDOODLDO —DbO00D0O0ODODOODOOD ODOODOO:
- J000ODO crRSOODOODOOODO:

« “OD0000ODOO0O0OO0OOOODOODOO

- J0D00OD0D0ODDOO WGs 84 / UTM zone 335)00000001
e OKUODOODOOODOOO
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ugbooobOobooboooobon:

gooobooboooooboboboobo400b0b000DODbDOn

8.1.2 & Follow Along: 00 OO0 OO0O0O

0000000000000 O0O0 solwtionJ 00O 40000000000000000O00DOOOD
oooooooo40000000000000O0DDOODOOOOOOODDOODOOOOOOOO1D
o@goobooo)obboooooobo 1oboooooobooooobooooooboooooo?

oobooobooQaGISOoubbooooobooooboboboooooobooooooobooobooooooo
oboooooooooooobooboobO obobOob ooobooOoooooooobOobob ooo
gobobooboooobooboooooboooobooooboobOoooboooobooooDbo
oooboooooboooooo 1boobobooOoo0oobooooobDoOooooboooDbOoOooooOoboOooD
oooooooo

oooooooooog:
- 0000D0OOCOOLO0 D000 -O00OOOODOOLOOO(UDOO)ODODODOODOO
- JO000D0DOO0OODODODODOOOOODOOOOODODODOOODDODODOOOObODOD
e 00000 exercise_data/residential_development DO OOOOO
e 000000 aerial_photos.vrt DO DOODOOO
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- J000DOO0O0OOODOOOOOOODOODbOOOOOOOOO0

gbooobooboobobooboobooboboobbobbobbobbobbobbobbobbobbon
obooobOobooooobobooboobo QGISooooooooooobooooooooo

oogd: ODDDDDDDD

gooo
ubooooooobooboboooooon
ooooboobooooboboooog

0000000000000000
gdalbuildvrt) 00000000

eOKUDOOOOOOODOOOOODOODOOO

[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_developmentfaerial_photos.vrt

|Tlp| Close ] w

gooooboooooooooooooooooobobbo0ooboooooooooooboooobobbooOoo
eOKUDOOOOODOODOOOOODOOOOOOODOO
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- J000D0ODO(MOUOO)0DOOOODOD OOOODODOO@UOODOODObOOOO
oooobooboobokOoobooooooboobooono)

- 000 O0O0D0OO0O0O0OOOOD40000000D0000O0O00DOOO

- 0000000000 aerial photosOOO00O0O00DOODOO0OO0O0O0ODOOOODOODDODOO
obooboooobobooobooboooobobooobOoboon

8.1.3VDDDDDDDDD

ooboooooobooboooooboooboooooobooooboooboooooOor>ooboooo»onbn
boobOooooboooooboboobobOoooboobOobooooboOobOobOooboOobOobOooboon
boboobooboooooobooboooboobobooooboobooboobooboboooboOoboOoobo
goooboobooooobobobooooboooooboboooooboobooobDOobooboooOoo

gbooobood

- 0J000D00O0OO0D 000 —00O0(@OO)ODOOODOODOO

ubbooooboboooooobobooooooobooboboooooobooooboobOoooo
goo@ooo)oooboooooooboboooobooboboboobooboooobobboobooDo
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[ | Batch mode (for processing whole directory)

Input file |

Output file |

(¥ Source SRS 'ESPG:7030

(| Target SRS

[ | Resampling method | Mear

Mo data values 0
U
[ | 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

goooooo

- 0J000D0O00LD D000 00 DOOOODODO

oboooooooboboooooOoobooooooboobobooooooobobobooboooboOoDbo
gboboobboooobobooooboooooobooooboboooobOobooooOobooo

ooooooooooobbobooooooobboooooobOooOoooboOobooooooOooboboOooooDo
ooooooooooooGhbALOOODOOOOOOOOOOOOOOOOOoOoOoOODOOOObODbOOOon
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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

Name

[V Load into canvas when finished

gdal_merge.py

210
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8.1.4 In Conclusion

QGISOOb0O000OOoboboooboobooooobooooboboboOon

8.1.5 What’s Next?

gboboobooboooboooboobobooooboobobooooobobooboobobobooooboOoboOoobn
ubooobooooboon

82 Lesson: 00000 OoooOnd

ubbooboobobobooooobobooooooboboooooooboobooboooobOoboobo
gooooboooooobooboooooobooooobooooboboboooDoboooobooboobo

gbooooOoboobo:-00000000000000Db000000

8.2.1 V Try Yourself

- J0D00OD0DO0ODO0O0ODO0DO0 analysis.gqgs0O0OOO0OO0O
- 0J000D0OO00ODODLOOODODOO0O AddRaster Layer 00000000

e 000000 srtm_41_19.tif 00000000 exercise_data/raster/SRTM/ 00000
ooooooon

e Layerslist U0 0 O0DO0ODOOOOODO pEMOODOODOO

e J0bobbobbooboobobooboobuoobuoobobob oboobobobob ooobg
goo

uoboobobooooobooobo((EM)00000O000DOO0O0DOOOOOOOODOOOODOO0ODOO
uboooooboooooon

gbgboobobobObEMUObOobOuoooobobonoooboaoboboobobobooboban
oboocooobooooboobooooooa:
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QGIsOo0ooOo0ooooooooboooobooooooooooboooooDOoObOoOOooooooooD
goooooboooobooboooog

8.2.20!FoIIowAIong:DDDDDDDDDDDDDDDD

 SRTMUODOUOO ODODOOOOOO OOOOOOoOODbOOO0OoOOoOOobO0bOoOoOooOOobOOoDbOobn
ooooboobooon

000 bOooboobb
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006 Layer Properties — srtm_41_19 | Style
> General ¥ Band rendering
Render type | Singleband gray :]
| Transparency - 3 o
ey Gray band [ Band 1 (Gray) Ry LEn) mor vl
B8 Pyramids — . ™ Cumulative B "
Color gradient | Black to white @ s p— @ %
-] Histogram Min 0
| | () Min / max
@) Metadata Max [1004.11 | Mean +/
Contrast Stretch to MinMax e O standard deviation x @
enhancement l 'J
Extent Accuracy
(*) Full () Estimate (faster)
() Current () Actual (slower)

Load

¥ Color rendering

Blending mode | Normal &)
Brightness —C)— EI@ Contrast —C)— D :
Saturation —— — EI@ Grayscale | Off ™

Hue [_| Colorize

4

100% |

] Strength

¥ Resampling

Zoomed: in | Nearest neiahbour  * | out | Nearest neiahbour | Oversamolina 12.00 |[%|

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

(v ) [ Ao | Cancel |

oobo0ooboQGISOoonoooobooboooobooobooo bEMOOOOOO0OoOOoOooO0ooobooOoo
obooooOoboooooon

000000 OO0ODOOOOOOODOOOODOOOOOOODOOOOOOOOOODOOOODOOn

- J0b0O00DOO0O0DUOODOODOObOOOODDO OKODOOOODOODEMUODODOOODOO
ooood
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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 =

[®][=][=][=][=] [

B8 Pyramids

&= Histogram

i 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

[ | | I Spectral :] [ 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

@ Sumite o ) - faa ] »

count cut
() Min / max
O :::::;tﬂ_deviation S @
' Extent ' Accuracy
(*) Full ‘ (=) Estimate (faster)
() Current () Actual (slower)

Load

| Restore Default Style | |

Save As Default ||

Load Style ... | Save Style ... |

| Help | | Apply |

obooooOobooooboboooo

[Caneel | (00
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00 DEMOOOOOOOOOOO0OO0OOODOO0ODOODOOOOOOOOO0OODOOOODbOODbOO0DbObO
goooood

- 0000 O0O0O0O0O0O0OOOODOODOODOODOO

 J000DOO0ODODOOOOODLOOODOOOO

OKUDOOODOODOODOODOODOODOODOODO
gobooobOobooooobobooooobooboooogoa
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oooooooooobooooobooooob>ooooo>obooboooooboOooooboo

oob0ooboooDEMODOOODOOOOO0OODOOODOO>00000”000QGISOOO0OOO0O0On
QGISO0O00D0OO00O0D0OD0O0ODOD (Grayscale DD ODOOODOOOOODOODOOODOODOOOO)HO

0000 O0O0OOODOODOOOOODODODOO
- J000DOO0O0OOOOOOODODOODOOODOODO:
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8.0.6

> General

Layer Properties — srtm_41 19 | Style

¥ Band rendering

Render type | Singleband gray

|&# Transparency

Gray band I Band 1 (Gray) :] Load min/max values
B8 Pyramids — . ™ Cumulative B "
Color gradient | Black to white @ s p— @ %
/&= Histogram Min -32768
= | | () Min / max
€} Metadata Max [32767 | Mean +/ @
O S [1.00 |
Contrast [Stretch o MinMax :] standard deviation x
enhancement
Extent Accuracy
(*) Full () Estimate (faster)
() Current () Actual (slower)

¥ Color rendering

Load

Blending mode | Normal

3

Brightness

Saturation

Hue [_| Colorize

¥ Resampling

—C—— ()
—CO——[0_[(

4

Contrast —C)— D :

Grayscale | Off ™

Strength 100% |

Zoomed: in | Nearest neiahbour

+| out [ Nearest neiahbour  *| Oversamolina [2.00 |[]

| Restore Default Style | |

Save As Default

| Save Style ... |

|| Load Style ...

| Help | | Apply |

[Caneel | (00

ooboooboooooooooboooooboooobooobboobboooooo’O0o 0D 0o0oOobOOoOoDn
gboboooobooboboooooboboooooobobbooooobOoboboooooboOoboon
oooboooooOooooooooOo0oob?20DO0O00DOOO00ODOOOO0ODOOODOOODOOOD
gboboobooboobooboboooooboooooad

- 0040000 ODbOODbDDOOA0ObObOb0Ooboobonn

- 0000 O0D00DOOOOODOODO:

Custommin/maxvalues 0 DEM O 0000000000 0DOOO0OO0DOOOOODOOOO:
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Layer Properties - srtm_41_19

| Style

¥ Band rendering

Render type | Singleband gray

|&# Transparency

Gray band | Band 1 (Gray) &)
@R Pyramids Color gradient [ Black to white ;]
B Histogram Min o |
(i) Metadata Max [1699 |
E:::_::mem | Stretch to MinMax z)

¥ Color rendering

Load min/max values

O counteut. 20_1E) - %
(+) Min / max
O :::::z;é_deviation ® @
' Extent ' Accuracy
(*) Full ‘ () Estimate (faster)
() Current () Actual (slower)

Load

Blending mode | Normal

Brightness =C)= EI @
Saturation =C)= EI @
Hue || Colorize Strength

¥ Resampling

4

Contrast =C)= D :

Grayscale | Off

Zoomed: in | Nearest neiohbour  *| out [ Near

est neiahbour +| Oversamolina 12.00 [3]

| Restore Default Style Save As Default

|| Load Style ... | Save Style ... |

| Help | | Apply |

(Caneel | (00

eOKUOOOOOOODOOOOODODOOOOOODOOOOO

gboboobOoboooobooooboobobooobooboo

gbooooboooobooooooo
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000o0oo0o0ooOooooooOooooooooo?

gbooobobooobooboobooboobbobobooboobooboobooboboobobon
oboooOoboooobooboooooboooo

- J000DOO0OODOOOODEMOOOOOODO

- J000D0O0O00OOOOOODOODODOOOO DEMOOOOOOODODOOOOOOODOOOOOO
O..

- 000 00000 —0O00O0OO0O0OO0ODOODODOOOOOOODOOOOOOOODOODOOOO
obooobOoboobooboooon

e fie L p o @ &

0003000000 Local Histogram Streech D 0 0000000000000 0O0DO0OOODOOOD
boboobooooooooboooboobooboooobooboooooooobooboobon
gobogoobooooobooobbooooooboooooooooo ...obobooboobboobobooooDo
oboooooboooooo

0004000000 OOODOODODOODODOOOOOO)OOOOODOOODOOOOO
ooooboooobooboon

gboogoobooobooboobobooboobobooboobobooboobbobbobbobbobbon
gbooboodoboobgobuooboooobbobbooboon
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8.2.3 In Conclusion

obooooboobobooooobOoboooooobooboboooooooboOoboo QGISunooonn
boboooobooboooobobooooobooboooooboOobooboobooboboooboOoDbOobn
goo

824 OD0UO0ODODO

SRTM O OO ODOODO http://srtm.csi.cgiarorg/ DO O0O0O0O0OOO

8.2.5 What’s Next?

obboooobooooooboboooooboobobooobooboobooboobobooooboOoDbOobn
goooooobooo

8.3 Lesson: 1 0000

gbooboooobooboobooobobooobooooboooobobooboooboOobog (DEM)
bboobooboboboooobobooooooboboooooooboboooooobOobooo
ooooboobooooboooog

gbobooboodgbotu.-gboaboaboabaoboobooboboboboboobbooboon

8.3.1 v Follow Along: 00O O OO0

uboboobooooDbDEMUOOOOO0DOO0DOO0OO00OO0O0O00o00oo00ooO00ooO00obO0ob0obO0obobooon
gbobooooobooobooooboboobooooboo3sbobooobooooooos3spOoobOooDn
ubogbobobooboobobooboobobooboobaobuoooobobbobooboon
ob03p000booooobooboooooboooobooboooooboooon

DEMUOOOO0OO0O QGISOOO0O0O0OO0OLOO0 PEM@OOOO)000000000000
00000 DO0 =00 =DEM(DOO0ODO)00D0O0DOOO
- Jbonobobbob obbobbO0ODpDEMUOUODODOODLOODLOOOO

e 0 0O0O0O0O O O exercise_data/residential_development o0o0o oooao
hillshade.tif0OO00OO0O0O

00 O0O0DO0ODOODOCOLOOUOOOUODODOOOODUODOOO
oboooboooobOobooooo obooboobooobooboobooooon
oboooboooobooboboooboboooooboon
okOoooooooooboooooboo

- J000DLbO0O0OD0O0O OKOUODOOODOODbOODODObObOOO

« DEM(ODO0OO0OO0)0000000000 000000000000
hillshade 000000000000 O0DOOOOODOOOO:
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L ’,,m;rpg_ *

T4 W e Z2VT -

oooooooos3s3pooboobo0o0ooo0o0oooooooooooooooDb?2O0bOoO0OoOoOoOoODOO
ubbooboobooboooooboboboooooboobobooooboobOoboobooboobobo
ooooo?0000oOO00000oooOobo0oooboboOoooDbDobO0oooon

8.3.2 oFollowAlong:DDDDDDDDDDDDDDDD

gbbooooboooooobobooooobobooooooboobooboobobooboonbOoDbo
boooooooboboooooooboboboooooooooboboooooooobOobobo
gooooobooon

- J0000O0DODOOOOODODODEMDODDOO0OOO DOOOODOOOODODOOOOBOOODOD
* DEM O hillshade OO0 0D0OO0O00D0OOOOODOOOOODOO

- 000000 0DEMOODOOONO hillshade OO0 D0OO0O00D0O0OO0OO0ODOODOOO

* hillshade U0 D 0O0O0O000OCOO0 O0O0O0OO0OO0DOODOOOOCOOOOOOOOOOO

- J000D0OO0O0OSs0s00000O:

- 00000000 O0ODOODOO OKOOOOOOOOOOOobOOOoOOobOOoOoOOonOOd:
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- 00000000 0DODODOO000 000000 O hllshadeDDODOOOO0O0O0ODODODODOOO
gooooo

obooboooocoooooboobOoboboboboooooooboobooboooooooooooonoa
O0000D0O0000D000000 hillshade 00DO0O0OO00OO0OOO0OO00OOODOOOOOODDO
gboooooboobobooobooboobobooooooooboboooobobobooooboobobo
gooo

ocooooooooobooooobooooooboooo

go0O: 00 200000000000000000DO0O0OOCO0OCO pEMOOODOOOOOOO
0000 (exercise_data/raster/SRTM/srtm_41_19.tif)jdd0d00d00doOoooooa
O000000D0000000 exercise_data/raster_analysis.qgs 00000000

ooog
ooo

Ooo

8.3.3 0 Follow Along: O OO OO
00000000000000000000000000000000000000000000000
0000000000000000000
0000000000 PEM(DIO0000)0 000000000000

- 0000000000000000

- 00000000000 000000:
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Elevation layer DEM L
Output layer .hlopme nt;‘slope.tifﬂ
Output format GeoTIFF =
Z factor 1.0

[& Add result to project

Cancel | QK

00000 exercise_data/residential_development/slope.tif 000000
O0000000000.000000000000000a0

e OKUODOODOODODODOODOODOO OOOD DODOOOOOOODODOOODOODOObLOOOOO
oboooboooooobooooobooon

- 000000 COCODOOOODOOODOOOOOODOOODOODOOODOOODOOOOOOOOOOO
obooboooooooboooboobooooobooobOoobooobooboobOooboOonn
ooo0:

8.34 Try Yourself 00O O OO0
0000000 0000000000000000000000000000000000000000
000000000000000000000000000000

« DEM(00000)00000000000000000000000000000
0D00o00o0o0oO
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8.3.5 “ FollowAlong: 100000000

oboobooooboooooooooobooobboboo oboob0 oooboobooooOoooOoooDo
gboooobooboobooboobooboobbooboobooobooboobooboboon
gbooooobobobooboosoooboboooobooboobooobobobobooboobob 20000
obooooOobooooboobooonog

gbobooboobooobooboobobooooboobobooooboboobooboboboooboOoboOobo
oooooooooooooooooooooooooooooboOoboOooooooooooooo?

ooooooooooboogooo
- J000DOO0OO0O0ODOODODOODO >O00000C0..00000000O0

ceaspect U0 OUOO0D0OO0DOODOO0DODOODODO ODOOOOD OOOO aspect@l 0000000
bobooboboooboboo ooooboooboobooboooboOoboooon

gboobO)oobooooobobooooboboooo22o00b0obooooeoobonooonbobn
oood

- 000000 DODOODOODOOODOOODOO:
aspect@l <= 90 OR aspect@l >= 270

e J O0O0OO O O exercise_data/residential_development/ ooOo o ooao
aspect_north.tif 0000000

- J000DOO0OO0OOODOOOODOOODOODOOOOOOOODOOOODOODOn
eOKUDOOOOODODOOODOODOD
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Result layer

Output ayer
"aspect_north@1"
" @1"

"Elgi.:@,:' | Current layer extent |

X min 989491.27540 (2] XMax 1038110.77313 ()

vmn  [sisoioosies || vmex  easomsoeess |
R —C

Output format " GeoTIFF ]
[V Add result to project

}rdse_dalafresidenﬁal_developmenﬂaspecl_nnﬂh | B

Raster calculator expression

aspect@1 <= 90 OR aspect@1 == 270

Expression valid

obooooOoooobooboooog:
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8.3.6 Try Yourself

obooobobo DbEMOIDOO0OO0O0ODO200000000000000
- 10000D0O0ODO 20D0000O0ODODOOOODODO
«200000000000O0O0SsSO00000O0

* exercise_data/residential_development/ O slope_lte2.tif O slope_lte5.tif
O0o00O0oooa

gboooooobon

8.3.7 Follow Along: 00 OO0 O000OO0OO00OOOOO

00000 DpPDEMOODOODOODOO3000O0O0OOODODOODOO:
e aspect_north. 100 000000O0O0
e slope_lte2: 0O 0OO 2000
e slope_lte2: 10000 5000

gobobOoooboooooooobooobobo1bbo00o0obo0oooboo0oo ooobboOooOobooOon
goooooboobo 1o 1gbobooooobo0 1oooboooooobooo

oobooboooobooosobooobooooboobooob0ooobo0oob0oob0ooooon2000000
ubodabouaaooaobaood
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oo00oOoobDbOoOostoob0 apb0dboobooobooorOOO02000000000O00ODOOODOO
gboooooboobooboobooboobooboa

uboabuodaouogbuodabooobuaood:
- 00000 O0OOOODOODOOO

- JO00b0O0DbOOOODLObOODOODLOODDLODODDOODOODLDODOOD ODODbDODDO
gbooooooog:

( aspect_north@l = 1 AND slope_lteb5@l = 1 ) OR slope_lte2@l =1

* exercise_data/residential_development/ [ all_conditions.tif0O0O0OOOOO0O
oood

- JO00b00Db O0OokOOOOOOODLDOODOODOO:

8.3.8 Follow Along: 0 OO OC OO0

gboogoobooobooboobooboobbobboobboobobobbobbobboboboobon
gboooboooboobooboboobboobbobboboboobbobbobbobbobbobbon
ubboaboabooobuodabodabooaboaann

000 O0O0OO0O0DOOOMOLD —-00 —-000)O

e 00000 O all_conditionsO00O O00OO0OO0O0O O all_conditions_sieve.tifO0O0O
000 (exercise_data/residential_development/ 00O OOO)O

 Jbuobobuoobuouodabdgsubbuoboobooobooaogao
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Input file all_conditions |‘r] [ Select... J

Output file nent/conditions_seive [ Select... J

# Threshold 8 8

[V Pixel connections [-5 :]

[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

ose | (0K

booobooboobobooooboobooboooobooboboboooboboboobooboobobo
gboooobooboooboobobooboobobooooobooooobon:
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____ﬁ

gboboobOoboooobo?bobo0oO0obOOobOooboOobOOobOoooOobOobooOon

- 00000000 DODOOOOOOOOOODOOOODOODOOOODOOO0OOOOODOODOO
oooooooo
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Transparency
=—

[, Pyramids
Histogram

(i Metadata

Metadata

w Description

Title |

Abstract

Keyword list |

w Attribution

Title |

ud |

w Metadatalr

Ud |

Type[

w Properties

Band 1

STATISTICS_MAXIMUM=1

STATISTICS_MINIMUM=-2147483648

STATISTICS_MEAN=-268924962.63441
STATISTICS_STDDEV=710768123.11607

( Restore Default Style ] | Save As Default

J

] Save Style ... |

[ Canel | (0K

obooo0OoboooboobOobob0 10 00000000000 sTATISTICS MINIMUMOOOODOO
gbooboobOobooboooooobooboobooboooboooNULLOOOOoO0oo0o0ono
oooooooo0ooooooooooooOobooOoooDOOo0oOoooDOoO0oO0OoNULLDODDOOOODDO
goood

(all_conditions_sieve@l

ooboooboobooobooboooboooobbooooobooobo 10000000000
goooboooo

goooboooooogon:

 J000DO0OO0ODLODOODODOOOODODObOOn:

* exercise_data/residential_development/ [0 all_conditions_simple.tif OO0
oooonooooo

230

Chapter 8. Module: 000



QGIS Training Manual, 0 0 00O 2.8

gbooooboobooboobooboobooboobobooboobooboobooobboon
goooooob@ooooobooooboooo)bobboboboobooooboooOoDbo
oboooooboooo

8.3.9 In Conclusion

DEMUOOO0OO0O0O0OO00O0OO00DOO0O0OO0O0OO0O0OO0O0OO0O0OOO00bO0O00bOO0O0OOODOODO
bboobdoobooooboobooooboobooooboooobobooooboooobOoDbo

8.3.10 What’s Next?

gboboo20000000000000D00000C0O0O00DOO0O0O0OO0ODOOOOOOODOODOODbOO
obooooboobobooooooOobooooooboobobooooobOobobooooobOOobooon
gooobO?0000000000O00O0O00ObOO0O0O0DbOO0ObOOOO0ODbOn
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Chapter 9

Module: [1 01 [0 [0 [

booooboobobooooobooboboooooobobobooooboboooooobOOoboobn
gbooooboooooobooocobogaoo

9.1 Lesson: OO0 o0OoooonOond

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.

ooboobOoooOoobOoobOoobOo0oobooobOoobOoobOOooooooooooooboOooonoOon
gboboobooooboobooobooboooooboooo

=0oOoOooOoooo:=pooooooboooobobobooboooooo

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.

- 00000 OD0OODO:
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8.0 8 Polygonize (Raster to vector)

Input file (raster) lall_conditions_simple |~ | [ Select.. |

Output file for polygons (shapefile) lbofsires,l'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

obooooOobooooobobooooobooon

 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.
ooooo

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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8086 Rasterize (Vector to raster)
Input file (shapefile) 'suitable_terrain [»| | Select.. |
Attribute field | suitable =
Qutput file for rasterized vectors (raster) fsites.r’qgisfraster_conversion | | Select... |
(1 Keep existing raster size and resolution
(®) Raster size in pixels
Width 837 8 Height | 661| )
() 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.f'rraining_manualfexercise_dataj' raster/suitable_terrain
.shp fqgis/raster_conversion
| Help | | Close | [ OK |

s 000000 O all_terrain;
e Qutput file... is exercise_data/residential_development/raster_conversion.tif;

-0 00D0DOO0O0O0O0O 8370 661000

OO DO: 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: 0D OOOOOO

gboooobooboboooboboooooboooooobobobooboboooobobobooobooDbOon
obooobOoboo0o:-000000000000O00O00O0O00DO0O00O0O0O0bO0OO0O00DbOOO0

9.2.1 ‘ Try Yourself

e J000000OO0DODODO (raster_analysis.qgs)d
- 0000DO00D00ODOO0ODOODOODOO (kbd:‘analysis.qgs’ 00000000 OOOO0O)O
00000 0ODOODO00ODDOOOODOOO:

— hillshade,

— solution (0 O O buildings_over_100)

00000 D0COO0ODOUODOODOODOODODUODUOODDODODOUODUOODDODODOOD
suitable_terrain.shpOOOOOOOOODOOOO

s OO0 0OODDODO0O0O0O0O0O0OONOUOOODN exercise_data/residential_development/
0000000000

e 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.

gboooboobooboobobooboobooboobooobg:

QGIS - analysis
SRS SRPRL LGSR0 8 Kk e BE =0 50 R
b 0 SFMABRBE B

)
o

N

X HBBINARS AT

Browser

448589,6235620 Scale [1:7,037 |+ || @ Render EPSG:32734 y

gdd: 00 0O0o0000oooo0o0ooooboboo0ooooboboobo cRSO00ooooooooooooo
O00000oooooocrRSO00ooooooooooooo cRSO0DOoOoOooooooooooon

dodddooooooooboboboooooooobobooooooddooooooooo o ooooono
00 suitable_terrainUOUOOO WGS 84 / UTM 34500000000 suitable_terrain_34S
ogooooooooo
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9.22 % TryYourself 00000

new_solution 00 000000000000 new_solution 0000000000000 DOO0OOOOOO
0000000 suitable_terrain D0 000000000000 O0O0O0OOOOOOOOOOOOOO?0
000 suitable_terrain D 0 0000000000000 O0OO0OOOOOOO?00000?00000A0
goooooo?

goooooood

9.23 % TryYourself 000D OOO

ubgboobdgbobonooobobuoboobobobobooobobobooboboboboobn

U0000D000 suitable_terrain0000000000000O0O0O0O0OC0O0OOCOOCOOODOOO
obooboobooobooooboo?iooooooobooooooobooobOOooOoobOooboOoOoDn
oooooooooooooooooboooooooooooooo

uboooobogogod

9.2.4 In Conclusion

obooboobooboobobooboboobooooooooooobooobooo@uoooboDbooDbn
goo)ooooooo

9.2.5 What’s Next?

gbo200000000000000000DO0DO0OOODO

93 00O

0000000000000 ooOoo0oo0ooOo0oOo0ooDoooDooOoOobOo0oDoooDOooDooooDO:
e places(UOO0ONO),
e hillshade,
e solution (O O O new_solution),
* roads [
e aerial_photos 100 DEM OO0 0O0O0O.

uboboobooboobooboobobooobooboboooboobobooboobobooboooboOobOoobo
oooobooboooobobobooooboooooooDo

9.4 Lesson: J OO OO

oooooobpooQaGISbuooo GIstoooooboooooon

OO0 0O: Lesson developed by Linfiniti and S Motala (Cape Peninsula University of Technology)
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941 00000

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:

- 0000000000000 0On

* 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.

942 OD0000O0OOOOO

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.

943 0OO0OO0O
* 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).
«OKOODOOOODDODOODOOO uTM33sO CRSOOO

» 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.

944 D000O0OODOCOODOO

In order to process the data, you will need to load the necessary layers (street names, zones, rainfall, DEM) into
the map canvas.

obooobooam

* Click on the Add Vector Layer button, or use the Layer — Add Vector Layer... menu item.
000000000000 DOO000D00ODDOO00O0ODOO0ODOOO0OODODO0OO
000 O00O0DODODODOODODODO
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- 000000000000 exercise_data/more_analysis/streets D0 0000000000
o Street_Names_UTM33S.shp 0000000
* 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.

« 0000 streetsJO0D0O0OO0O00ODOO
* 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.

00000

¢ 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.

- J000D0O0O0OO00OO0

In order to properly see what’s going on, the symbology for the layers needs to be changed.

945 0000000000 ODOOOO

¢ In the Layers list, right-click on the Streets layer.

* Select Properties from the menu that appears.

- 000000000000 DOOODOOOOOOOOOgo

* Click on the button labeled Change, with a square showing the current color of the Streets layer.
- 0000000000000 0000000O0O

* 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.

946 U0OJUOODODODOODOOOOOO

gooOoOoOoOoOoOoODODOOOOOOOD
* 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.

947 O0OO0ODODOO

* 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.

948 OO O0ODOOOO

* Load the vector layer admin_boundaries/Western_Cape_UTM33S. shp into your map.
e DistrictsOUOUOOOODOO
 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, OO
* 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.

- J000D0O0OOOODOOOOODOOn
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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.

949 OD0OO0ODOOOO

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.
e Rasterprac U0 0O0OOOOOOOOOO
- 00000DODOOODOO
 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.

- J000D0O0O0OO0OO0

9410 O 0OO00ODOOOODODOOODOOO

* Remove the original Rainfall and DEM layers from the Layers list:
- J00000DODOU0ODOODOODODOOUODDOOO

— This will not remove the data from your storage device, it will merely take it out of your map.
e Streets OO0 OO00D0ODOOODOOOOOOO

- 00000 0oooobooooobogo

Uncheck the Label this layer with box.
Click OK.
« 00 Streers 0O ODDOODOOOO

Right-click on the layer in the Layers list.
-0o0o0ooooooo

* 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).
- 00000DDOOO

* 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.

9412 000000

¢ 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.
- 00000DOO0O0ODOOOOOOODOOOb
* Click OK.
«J0000DODODOODODODOO
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%.
- 0J0000DO OKODOOOOODOOO

* Note the effect when the transparent hillshade is superimposed over the clipped DEM.

9.413 OO

* 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.

- J000D0O0COODOUOOODOUODOODODOC

* 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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000 O00O0UDODODOUOODO
* Where it says Grayscale (in the Color map dropdown menu), change it to Pseudocolor.

¢ Ensure that the Use standard deviation radio button is selected.

9414 00 OO

 Use the same approach as for calculating the slope, but select Aspect in the initial dialog box.

gbooobooobooboobobboobooboo

9415 0000000

* 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.
«0J000O0DODOOO:

((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.

9416 D0 0OU0DODOO0ODODOOOOODOO

* 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.
0000 O00OODOOOODOO:

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.)

e 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.

9417 0 0O0OOOOO

Hide all layers in the Layers list.

Unhide the Zoning vector layer.

Right-click on it and bring up the Query dialog.
goooooooooOoO:

"Gen_Zoning" = 'Rural’

See the earlier instructions for building the Streets query if you get stuck.

00000000 :guilabel:'0 00 *00D00OO0O00O0DOODO

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.

00000000 rural.shpdooood

Click OK.

oooobOoooooOoooo

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).

00 000oOoooooo
oo0o0O0OO0Ooooooooooo
Remove the rural and Zoning layers.

gbooobooobooo

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.

go0o0o0o0O0O0O0O0OD0ODOODO O000O0O0OooooOoOoOO
Set the output file to the same directory as the other rural vector files.

00000000 :kbd:‘rural_buffershp'0 0 OO0
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Click Save.
okOodoOoOooOooooDOoboooDoooooo
000000000 :guilabel:Yes 0000000
Close the Buffer dialog.

Remove the rural_dissolve layer.

uboabooaooo

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.

9419 000000 O0ODODOOODOOODOO

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.

okKooooooooo

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.
o000 Ibooooooooooogo

Click OK.

Oo0o0ooOOoooOoOooboooooo

Click the Toggle editing button to stop your editing session.
O0oooDbooooo

Now that you have a bounding box, you can use it to clip the rural buffer layer.

9.4. Lesson: U OO0 245



QGIS Training Manual, 0 000 2.8

9420 OOO0OOOOOODO

» 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.

- 0J000ODO0OD file :kbd:‘rural_clipped'0 00 OO

* Click OK.

* When prompted to add the layer to the TOC, click Yes.

- 000000DODO0OODO

» Compare the three vectors and see the results for yourself.

* Remove the bbox and rural_buffer layers, then save your map.

obooooOoooobooboooooooon

9421 000000 OOOOO

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.

e :guilabel:0 0000 ‘0000DOOO0ODOO

* Make a note of the X and Y values under the heading Dimensions in the Metadata table.
00000 O00D0DOO0OODOODO

* Click on the Raster — Conversion — Rasterize menu item. You may receive a warning about a dataset
being unsupported. Click it away and ignore it.

-« J000ODO0ODO :guilabel:‘rural_clipped' 0 000000

* Set an output file location inside the Zoning directory.

e 00000000 :kbd:‘rural_raster.tif ‘00 0 0O OO

* Check the New size box and enter the X and Y values you made a note of earlier.
- 0J000000ODO0OO0ODDODOODOODOOOD

* 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 reclassified
rasters.

e J0ObOODbDbOObOOn

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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9422 OO0O0O0OO

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]

00000 :kkbd:‘Rasterpracc 00000000 OO0OO0O

Name the output raster cross_product .tif.

00000000 0DoO0o00 00000000 oDoo00o0ooooooDoooon
oKOoooooooo

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.

9423 000000 OOOO

Click on the menu item Raster — Conversion — Polygonize.

Select the cross_product raster.

00000 :kbd:‘Rasterprac'0 D OO O OO0

:kbd:‘candidate_areas.shp'0 0 OO OO0

00000O0000D0o0oo0o0 ooDooooooooooboooDooOoooog
oKOOOooooDoo

o0o00obO0obOoobooboboooogo

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.
ooooooog:

"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.

kbd:‘Rasterprac'0 0 00000000 0OO0OOCOODO
:guilabel:‘candidate_areas_only.shp'O DO O OO0 OO0
ooooooDoOoDOo

9424 D0000O0OOOOOO

O000oDooOooooDooOooooooooooooon
O000oo0o0o0oooooooo
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.

e ;guilabel:0 0000000 ‘OO0OODO:

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.

9425 0 O0000OOO0ODOOODOO

ooooooooooooooo
* 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.

9426 D0OO0ODOOOOOOO

» Create a new vector layer as before, but this time, select the Type value as being a Point.
«0J000ODODOCRSOODOODODOOODODO

« 00D0O0ODOO :kbd:‘house.shp'D OO OO

oooooooooo

O000D0o000oDoOooOooDoooOooDooooono

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.

gboogimpbooobooboobgood

* Click OK.

- J000DOO0OOODOOOODOODOOOO
- J0ObOobbOOobOO0n

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.

9427 O0OO00ODOOOOOOO

¢ 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.

9428 D O00O0OOOOODOOOOOOO

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.
oooooooooboooooboo
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 i1 d field).

gbooobooobooobooboobooa

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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10.1 Lesson: 000000000 O0OOOOO

gboboooobooooboobobooooboobobooooboobooboobooboboooboOoDboOoobn
gbooobooobooooboobooooboboooboooooboobooboooboobooobooag

gboooboOobood:-QaIsboobogoboooooooboooooDo.

5
10.1.1 %" Follow Along: 00000000

- JO0000bOO0bObOODLbOODbOODUO0ODLUO0 -0O000DOODOODOODOO DO
gboooooo

- 0000000000 Processing0 000000 OOOODOO
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806 Plugins | All (178)
% All Search
|,-!'!: Installed . Ordnance Survey Translator i
_ . i OSM place search MR This plugin is experimental
Not installed 2 OSMEditorRemoteCaontrol &
£ Settings & osmsearch Processing
" PDOK BAG Geocoder
I PDOK services plugin Spatial data processing framework for QGIS
7 pgRoutinglayer
I Photo2Shape 6 ©)
& q rating vote(s.
o Pin Point : 10027 downloads
n Flaln. Ceo.metry Editor Category: Analysis
i Plugin Builder More info: homepage tracker code repository
I~ Plugin Reloader
- & a Point sampling tool - Author: Victor Olaya

#¥ Points20ne Installed version: 2.0-20131120 (in

" PointsToPaths [Users[/george/.qgis2/python/plugins /processing)
2 PostGIS Topology Editor Available version: 2.0-20131120 (in QGIS Official Plugin Repository)

. Postgres 91 plus Auditor
© %} Processing
. Processing LWGEOM Provider
» ProcessingPermaclim provider
© Profile tool
PS Time Series Viewer
" QChainage
» QConsolidate
- QGIS Cloud Plugin

| Help | | Close |

Upgrade all | Uninstall plugin ||  Reinstall plugin |

SR UL e

- J0000O0DOOO0OODOODOOOOOODOUODOOODOOOOOOODOOODbDOOOODOOn
goo

* Close 00 0ODOOOODO

- J00D0D0O0O0ODO Processing0 000000000000 DOOO0DOOOO0O0OODOOODOOODOO
obocooOooobobobobooooooooo!'ooobo oboooooobobOobooon
oboboooboooobobooooobobooobooboon

- J00O0COO0O0DOOOOOOODOOOO0DOOOOODODL DOOOODOOODOOODOOOOODOOO
gooooboboooooooooobooo

- J000D0O0O0DOOOOODOODbOOOOODbOObOOOOOO

10.1.2 vFollowAlong:DDDDDDDDDDDDDDD

gbobooboboobooboboooooboooobooboooooo

- J0000D0OO0DOODOOODOODLOOO0D ODbDOODLOObOOObOODOODOOO0ObOOObOOODbO
o0 o0oobo0ooboobooooboooboooobooooboooooboooobo0oboooboonoon
oboooboooobooboboooboboooooboon
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Plugins | Not installed (154)

ETY Installed

i}a Not installed

ﬁ- Settings

Search

g:;-* Accuracy Assessment
;g;!" Affine Transformations
g;!" Azimuth and Distance Plugin
;g;!" Buffer by Percentage
g;!ﬂ cadastre

;gi-‘ Cadlnput

g;_-* CadTools

o Color Ramp Manager
2 Contour plugin

o Contrast homogenizer
i."!_“ Copy_Coords

'j;!" Crayfish

g:;-* Cxf_in

g'-'!n Data-Driven Input Mask
g:-_-* Datasource Importer
}g‘ Diagram Legend Plugin
g;!" Digitizing Tools

;Q;n_" DirectionalSlope

g;!ﬂ Dockable MirrorMap
;gi-‘ EasyCustomLabeling
o ELECTRE-TRI

o Elevation

o Expressions Plus

o FlowMapper

o FlowPathDown BB

| Help |

Not installed plugins

Here you see the list of all plugins available in the repositories, but which

are not yet installed.
Click on the name to see details.

You can change the sorting via the context menu (right click).

A plugin can be downloaded and installed by clicking on it's name, and then

click the "Install plugin' button.

Upgrade all Uninstall plugin Reinstall plugin

| Close |

- J000DO0O0D0OODODOOOOODOOOODOODOOOODOObOOOOODOODbOOOD

FEY Installed

2}; Not installed

# Settings

Plugins | Not installed (154)

Search

I Accuracy Assessment
U Affine Transformations
2 Azimuth and Distance Plugin
3 Buffer by Percentage
o cadastre

4 Cadlnput

i CadTools

U Color Ramp Manager
Contour plugin

2 Contrast homogenizer
o Copy_Coords

o Crayfish

20 Cxf_in

3 Data-Driven Input Mask
. Datasource Importer
o Diagram Legend Plugin
. Digitizing Tools

. DirectionalSlope

1 Dockable MirrorMap
U EasyCustomLabeling
i ELECTRE-TRI

4" Elevation

o Expressions Plus

3 FlowMapper

I FlowPathDown_BB

| Help |

Contour plugin

Generate contour lines (isolines) and/or filled contours
a set of data points. Requires python modules numpy,
matplotlib, and shapely.

10 rating vote(s)
19876 downloads
More info: homepage tracker
Author: Chris Crook, Lionel Roubeyrie

Available version: 1.0.4 (in QGIS Official Plugin Repository)

Upgrade all | Install plugin

| Close

- J000D0O0O0OOODOOOOODOODOOOODOOOOOOODbOOOOODOOOOODOODO
ooooboboobooboooo

10.1.3 "FollowAlong:DDDDDDDDDDDDDDDDD

oboocooOobooooboooobooboooo*xhoooo*xbooooboboobooboooog
QGISO0OO000OO00boOoboooooooboobooboobooobooobooboooooboOooDnn

10.1. Lesson: 0000000000 O0OOOO
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bobooouobdoboooooboobobooooooboboooooboboooooobOobooo
oooboooobooboooboooooooooooboooboooobobooooobooOooD GISsoDOoD
oboooooboooooo

obooooboboobooooobobooboooobooboooooboobooooooboOoboon
gooo

- J000DOO0O0OOODOODOOOO OO OOODOODO:

808 Plugins | Not installed (154)
e Al

Fied O
Phigin Manager vandon,

e
E 1 Installed

¥ Not installed w» [ Show also experimental plugins

i : Note: Experimental generally for production ages o davelopment, and should bs considered ncomaleta’ of
' Settings conoest foots. G0 B e A mmngm ge pluging e T ja5s you o m.:am%m Al il cons! ]

¥ |_| Show also deprecated plugins

Depracated plugin &re generally unsuitable for production use. These plugins are unmaintzined. and should be considered ‘bsolete’ toals. QGIS does not recammend
r\msqumqsspllpw riass you sill nasd it and there ars o ather Bk Rl

Plugin repositories

Status Name URL
[0] connected QGIS Official Plugin Repository http://plugins.ggis.org/plugins/plugins.xmi?qgis=2.1

| Reload all repositaries | | Add... Edit... Delete
Help Close

- J000D0O0O0O0ODOOOOODOOOOOODOObOOOO

- J000DOO0O0OOODOOOCOODOOD URLOODOODOOO OOOODOO ODOOODOOOOODOO
ooooboooobooood

8086 Repository details
Name |Bnund|ess |
URL |hrtp:Hqgi5.hnundlessgen.com!plugins.xml I

Parameters ?qgis=2.0

Enabled ]

[ Cancel J M
. )

- J000DOO0OO0ODOODODOOODOODOOOODODLOODOODOOOODbDODO
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0006

Plugins | Not installed {154)

Al Wote: I his Tunchion 15 enabled,
Pugin Manager window.

[:!!: Installed

> Not installed w» [ Show also experimental plugins

' Settings mllgluulns &re generally unsi

w | | Show also deprecated plugins

Note: Deprecatad plugins are generally uns:

Plugin repositories

2. Thess plugins are i early stages of develogment, and should be considered ineomgietaor proatof

for production use.
e A P e L

tzble fo production use. Thess plugins ere unmaintsined. and should be considered ‘sosolee!toos. QGIS doss no recommend
nstaling thase LGNS Unisss you 84 Fsed ft and therb are no oiher

m for esting purposes.

“available.

Status Name
[l connected Boundless

| Reload all repositories

| Help |

[0l connected QGIS Official Plugin Repository http://plugins.qgis.org/plugins/plugins.xmli?qgis=2.1

URL
http://qgis.boundlessgeo.com/plugins.xml?ggis=2.1

[ Add.. || Edic. Delete

| Close |

- J0000O0DOO0DODOOOOOOODOODOOD COOODOOOODbOObOOO ODOObOObOO0On

oooooogo

- J000O0O00OO0DOODO OOOOODLOOOOOCODOOOOOOO0ObOOO0OOODbOOODbObOOn

oooo

- 000000000 DOOOOODOOOOODOOODOOOODOOOOOOOODOObOOODOODbO

oooobooboo

10.1.4 In Conclusion

QGIstUoioooboooooboboooooooooobooooo!

10.1.5 What’s Next?

oboocoOoobooooboboooboobooooooboooo

10.2 Lesson: 0000 QGISO OO OO

gboooooboboooooboobooooobooboooooboOoboobooboobobobooboOobobn
gboboobOobooooboooooobooooboobooooboobooooooo

ubbooboobobo:-00b00b0000b00ob00ob0ooboobooboooob0oboooboOobOoon

10.2.1 0 Follow Along: 00000000 O00O0OO

s JO0ODODODO exercise_data/raster/SRTMU srtm_41_19.if 00 O00O0OOOO0OODOOOO

goo

10.2. Lesson: OO0 QGISO O OOO
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oooooooooooobooooooooboboooooDboObo0oo0ooDODOO0O00oOoDO0o0n0O GbALDDO
o@ob 0000000y OobObObO OO OO OO OOUUUOb
obooboooooboobooooQQGISUboooooobobooooooooboobobobooo
oooooooono

- J00OO0OO0O0OO0ODLDOODOOOOOOOODOOOODOOOODOOOOOOOOOOOOOODOD

RN F—— . —— _ Plugins | Installed (24) - — —— .
Al Search| |

i Installed ] 7:‘1} Coordinate Capture
— & [ 0B Manager Raster Terrain Analysis plugin @
Not installed m] Dxf2Shp Converter
'3:5 Settings [ [ eVis A plugin for raster based terrain analysis
) & fTools
™~ & GdalTools Category: Raster
= Georeferencer GDAL Installed version: Version 0.1 (in
[g & GeoSearch Jusr/local{Cellar/qgis-20/HEAD/QGIS.app/Contents/MacOS/../Pluglns/q
|| [0d; GPS Tools gis/librasterterrainplugin.so)
(] Heatmap
[ InaSAFE
J “ Interpolation plugin
- | & OfflineEditing

~ Openlayers Plugin

(] Oracle Spatial GeoRaster
) Point sampling tool

™ & Processing

7 Raster Terrain Analysis plugin ____|
~ Road graph plugin
(] \i’ Spatial Query Plugin

(] SPIT

O ?SQL Anywhere plugin
(]} Topology Checker

J ’Z Zonal statistics plugin

Upgrade all Uninstall plugin Reinstall plugin
Help Close

000000000 ODOO0O0ODOOODOOOOODOODOOOO
- 0000 0000 O0O0OO0OOO0OOODOOOOODOODOOOOOn:

8.0.86 Relief
Elevation layer [ srtm_41_19 :]
Output layer |‘ exercise_data,fpluginsfrelief| El
Output format [ GeoTIFF D ]
Z factor | 1.0 |

™ Add result to project
Relief colors

[ Create automatically ] [ Export distribution... Up Down + f——

Lower bound | Upper bound | Color

Export colors... ] [ Import colors...

| Cancel | E

« J00O0DOD0O0ODO exercise_data/plugins/relief.tif 000000 @COOODOODOOOO
ooooooo)o
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- 00000 ZOOOOODOODOODOO
- J0000DOO0OOOO0DOOOODODOODOOOOOODOOOOODOODOOODOOOD
- J000DOO0OO0O0O0OOODOODOOOOOObOOOOODOObOOOnOO:

pRalick

Elevation layer | srtm_41_19 :]

Output layer |Vo|umes,fDro bo/sites/qgis/QGIS-Documentation/source/docs /training_manual/exercise_data/ plugins_frelief| EI

Output format [ GeoTIFF

Z factor | 1.0

™ Add result to project
Relief colors

[ Create automatically ] [ Export distribution... ] B

Lower bound | Upper bound | Color

0 121.357

121.357  350.587

350.587  653.98

653.08 707.917

707.917  997.825

997.825 997.825

997.825 997.825

997.825 1436.06

1436.06 1699

[ Export colors... } [ Import colors...

[Goneel | (00

oooobOobooobooboooooboooooobonoo

- J0000DOO0ODOODOOODOODOOODOOODODODOOODOOOOOOOOOOOOOObOOO
ogoooooog:

jRelieh

Elevation layer [ srtm_41_19 B ]

Output layer |Vu|umes,fDr0 bo/sites/qgis/QGIS-Documentation/source/docs/training_manual/exercise_data/ plugins_frelief| EI

Output format [ GeoTIFF

Z factor | 1.0

™ Add result to project
Relief colors

[ Create automatically ] [ Export distribution... ] E

Lower bound | Upper bound  Color
0 121.357
121.357  350.587

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... J [ Import colors...

[ cancel | (0K

eOKUOOOOOOOODOOOOODOO:
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ayers
960961.66,6104744.40 : 1046649.39,6251651.94 Coordinate: 992081,6226680 Scale [ @ Render £psc:32733 )

gboboobooboobooooboboooooboboooobooboobooboobobooboobOobo
gbboooboooobobooboobooooboobooooboooooboooo

10.2.2 0 Follow Along: OpenLayers 0 0 0 0 O

 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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0006

Plugins | Not installed {155)

A Al Search | Openla

FEY Installed

i Not installed

# Settings

2 TMS for Korea

1 OGR2Layers
¥ Openlayers Plugin

OpenLayers Plugin

OpenStreetMap, Google Maps, Bing Maps layers and

Pegedede

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 |

* Click the Install plugin button to install.

e When it’s done, close the Plugin Manager.

| Close |

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.

& & S e BE =

T, B %

LA

'

®

@,

la

»

@

@

@

%

4
X OpenLayers Overview
e map (Wsogrimrs 3] [ & |
(I Hide crossinmap | © | [ | [ |

8] Coordinae: 445666,6234871

* Open the Project Properties Dialog by selecting Project —> Project Properties from the menu.

» Enable “on the fly” projection and use the Google Mercator projection:

Scale (1:32346 |+ (/| A Render EPSG:32734 (@] |

10.2. Lesson: OO0 QGISO O OOO
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8086 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 Global EPSC:3410
[ OWs server WGS 84 / UTM zone 33§ EPSC:32733
WGS 84 / UTM zone 348 EPSC:32734
{C“) Macros 'WGS 84 [ Pseudo Mercator EPSGC: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
WGS 84 [ SCAR IMW ST53-56 EPSG: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) EPSG:25700
Selected CRS: Google Mercator
+proj=merc +a=6378137 +b=6378137 +lat_t5=0.0 +lon_0=0.0 +x_0=0.0 +y_0=0
+k=1.0 +units=m +nadgrids=@null +wktext +over +no_defs
[ weio | [ Apoly | [ Concel | (06

* 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... | QIS 2.0.1-Dufour
— B B o 1 P . =
D i ijl li% &]__I “ ﬁ') é . Python Console g Q% v ggv @ S oy b
4.4 BB R b= BT T  OpenLayers Overview
|

Terms of Service / About

00 Lavers 2§ Add Google Physical layer
Add Google Streets layer
Add Google Hybrid layer
2§ Add Google Satellite layer
# Add OpenStreetMap layer
2 Add OpenCycleMap layer
# 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

T " roads 345

HBHAINSNS

,ﬂ [ Add Stamen Toner/OSM layer
ve [R Add Stamen Watercolor/OSM layer
3%

[3 Add Stamen Terrain-USA/OSM layer

bl

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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QGIS 2.0.1-Dufour

066
DEEBRBOROS$LALAAPOL /LR & @ K& BE = O %0 T BY

4.4 B o B & g% & e ' s w

Layers

'8 Google Hybrid

S 808N ARS

00 Opentayers Overview

[ Enable map | #J Google Hybrid

2273201,-4031525 Scale 121333 Render £psG:3857 (@) |

OO0 O: 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: GeoSearch 00 0 0 0 [J

* 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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806 Plugins | All (178)
% All Search |geos .
BB} nstalled
1 Geospatial Simulation Geosearch
2% Notinstalled k HTP Geoprocessar
$% Settings i OpenGeo Explorer Search location by words like google map; Calculate

Distance between two points on mapCanvas.(0.05.00)

RN

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 A o T S —— = -
EE @ ﬂ P ﬁ') &q & Python Console p = &V SRy g & My
A Cﬁ & w2 IJ] GeoSearch P> —v GeoSearch
)

— Openlayers plugin

* Search for Swellendam in the GeoSearch Dialog to locate it on your map:
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Distance

Addres:
[ GoogleV3 2l Iswellendam| I Search

Ceocod Latituds Longitut

GoogleV3 | | | [omMag| (Search )

Result [V Exact One Res

@ [:] Search On GOOQ'& WEt‘

. Double Click below items t
| (u'swellendam, South Africa’, (-34.0166667, 20.4333333))

10.2.4 In Conclusion

QGISO0OO000OO0O0bOOoOobOoOOoobOoobOoobooboo0ooooooooobooobboobooOoonoo
gboboobOobobooobobooooobobooooboboooooboobooobooboooon

10.2.5 What’s Next?

gbobooboobooooboboooooboooooobooooooboooooboaoo
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gbooooOobooooooboboobooobooboooooboOobooobooboOobobobooboOobOobn
booooobooboboooooboboooooobobooooobobooooooboOoboon
gboooboboooooboon

000000000000 00 WebOOODO GISODOODOOODOOODOOO: Web Mapping Services
(WMS) O Web Feature Services (WES)[

11.1 Lesson: Web Mapping Services

Web Mapping Service (WMS) U, 0 0000000000000 OCODOOO0OOO.00000000O000,
oboobo0oooooobobobooboooo.QeISOobooooo,oocoooboobowMSOOOooOO
gooooooo.

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.

=#0OoOoopooooox=»=wMSOOODOOOODOOOO

11.1.1 %" Follow Along: WMS 000000 0

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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666 QGIS 2.0.1-Dufour
DEBRBOSRNSLSL S BPL AR 6 6 5 5E ME m 0o o 3
. J [ R /& L >¢ N R

SN S £

W W o] & - o =a &

06 Layers

9% janduse

S HHBIXNARS

=N Gowser |

Ready There s @ new olugin available (8| Coordinate: 20.4298,34.0123 Scale (124229 |- %] 4 Render EPSG:4326 (] |

- J000O00DOOOOOOOOOOOOODOOOOODOOOOOOOOOODOOODOOODOOODO
ooooooobooog

* 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.

WMSODOOOOODOOOO wWMSOOOODO DODOOOODOOOODO

&

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.

D0 WMSOUOOOOOOOODOOOOOOODOOOOOoOobooooooooo
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Add Layer(s) from a Server

Layer Order | Tilesets | Server Search |

§.8.0.8.. Create a new WMS connection l

Connection details

Name If.erresf.ris

Add default servers

URL | http:/lows.terrestris.de/osm/iservice |

optional password

If the service requires basic authentication, enter a user name and

User name |

Password |

Ak

Referer |

Coordinate Ref

Tile size

Feature limit fo

|| lgnore GetMap URI reported in capabilities

|| Ignore GetFeaturelnfo URI reported in capabilities
[ | lgnore axis orientation (WMS 1.3/WMTS)

[ | Invert axis orientation

[ | Smoaoth pixmap transform

~ Help

el

1 Layer(s) selected

0000000000 terrestrisdO0OO0OO00O0

¢ 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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Layer Order | Tilesets | ServerSearch}

'[lerresins :]_
[ Connect || New || Edit || Delete | [ Load || Save | | Adddefault servers |

ID | Name | Title | Abstract

Image encoding

Options

Layer name |

Tile size |

Feature limit for GetFeaturelnfo

(Moo ) ((Add ]

Ready

* Click Connect. In the list below, you should now see these new entries loaded:

Layer Order | Tilesets | ServerSearch}

] |
- [ Conneot || New || Edit || Delete | [ Load || Save | | Adddefault servers |
| Name | Title |

v 0 OpenStreetMap WMS Deutschland
k1 OSM-WMS OpenStreetMap WMS - by terrestris

| Abstract

mage en ng
| | (JPNG ()JPEG (3)GIF

Options (0 coordi i y available)

Layer name |

Tile size |

Feature limit for GetFeaturelnfo

((Helo ) (Add ]

Select layer(s)

wMSOOOOooOOoOOooOooOoooooooooooo
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* Click once on the OSM-WMS layer. This will display its Coordinate Reference System:

.60 6 Add Layer(s) from a Server

Layer'.; Lar rver Search }
[ terrestris ;]
i-mq [ New ] [ Edit ] [ Delete ] [ Load ] [ Save ] [ Add default servers ]
ID A [ Name Title Abstract |
v 0 OpenStreetMap WMS Deutschland

0OSM-WMS OpenStreetMap WMS - by terrestris

Image encoding

' ()PNG () JPEG (3) 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
Coordinate Reference System Authority ID
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:900913
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.

«“O0000DO”0DD00O0ODDODODODODO
* In the CRS tab (Project Properties dialog), enter the value pseudo in the Filter field:
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Project Properties

dinate Reference System (CRS)
[ Enable 'on the fly' CRS transformation

s

‘;:,:; CRS

Identify layers

Filter I pseudo
Recently used coordinate reference systems

@’ Default styles Coordinate Reference System Authority ID

OWS server

Macras

WGS 84 / Pseudo Mercator EPSG:3857

Coordinate reference systems of the world [ | Hide deprecated CRSs

Coordinate Reference Systemn Authority ID
v [ Projected Coordinate Systems
¥ 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

e 00000 WGS 84/ Pseudo Mercator 01000000
¢ 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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000 61 2.0.1-Dufour - wms-map

D= B8 APV 2L 2 BPPLLRASKNS & @, B e BE =0 no 1 B
00 Layers

.

L0 o encuee

@ & osmwms

HSLEHBINSR

TN Gover

1791291 of 1791291 bytes of map downloaded. There is 2 new plugn availale (8] Coordinate: 2272029, 4032709 Scale (147182 |- 3] ¥ Render EPSG3857 @)1

Note how the WMS layer’s streets and our own streets overlap. That’s a good sign!

WMSOOOoOooO

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 i Try Yourself

gooobogoosM-wsmMiooooooooo

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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8.0.06 Add Layer(s) from a Server
Layer Order | Tilesets | Server Search |
[ bedrock B
[ Connest || New || Edit || Delete | | Load || Save | | Adddefaultservers |
D 4 |Name Title Abstract

k1 ZAF_CGS_1... ZAFCGS1:... ZAF CGS 1:1M Bedrock Lithostratigraphy

Image encoding
()PNG ()PNGB (&)JPEG () GIF () TIFF

Coordinate Reference System (1 available)

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 ...

Layer name |BE DROCKGEOLOGY

1 Layer(s) selected

ooooo

11.1.3 & Try Yourself

Tile size |ZOU | |2(!U\

Feature limit for GetFeaturelnfo ‘10

WGS 84 ( Change ...
| Help | | Add |

| Close |

4]

- 000000000 DOU0OOODODO0OOODOUODOWMSOODODOOOOODOOOO
¢ Add the “OGC” WMS server at this URL: http://ogc.gbif.org:80/wms

e bluemarble 00O 0000000
ooooo

11.1.4 & 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).

goooo

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

11.1. Lesson: Web Mapping Services
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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

Web Feature Service (WFS) O QGISOO0DO0OO000DOOO0 GISOO0O00O00O0OO00DO0OO0OO0O0OO00OD
ooooooooooowMSODODDODOOOwrRSODODODOOoooDOoOooooDooooooooooDo

oooooobod:-wrSOoooowMSOOoooooooooo

11.21 & Follow Along: WFSO O OO QOQOQOQO

- J000DOO0O0OOODOOOOODOOOOOODOOOODOObOOOOn
« “J0D000O0DO0O000DOOOODOOOODODOODOOD
s WFSOUOUODOODO OODOOobOOoOooooOo:

&

00 000DOO00O0ODOOOO

« JO0O0O0ODOOUODOODO OO O nsidc.org,URLO http://nsidc.org/cgi-bin/atlas_south?version=:
oooooog

808 Create a new WFS connection

Connection details

MName | nsidec.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 | [LOK ]

OKUOOOOOOODOOOOODO OOOOobOOoOobOOobOoobobooboog
00 000O0O0O0O0O0O0ODOODOOODOODOOOODOODOODnOO:
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8.0.6

Add WFS Layer from a Server

Server connections

[ nside.org

[ Connect | | New | | Edit | | Delete

Filter: ‘ |
| Title | Name Abstract Cache Feature Filter
Antarctic ice shelves antarctic_ice_shelves_fill ]
Antarctic continent antarctic_continent Bohlander, J.and T. 5...  [¥]
Antarctic islands antarctic_islands Bohlander, J.and T. S... [V
land {excluding Antarctica) land_excluding_antarctica Center for Internation... [
Antarctic suface elevation contours antarctica_elevation_contours Liu, H., K. Jezek, B.L... [¥]
glaciers glaciers National Imagery and...  [¥]
glacier outlines glacier_outlines Armstrong, R.. B. Ra... (V]
coastlines (excluding Antarctica) coastlines_excluding_antarctica Center for Internation... [V
Antarctic coastline (includes ice shelves) antarctic_ice_shelves_outline Bohlander, J.and T. S... V]
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... [V
Antarctica border antarctica_country_border Bohlander, J.and T. S... [V
Antarctic island coastlines antarctica_islands_coastlines Bohlander, J. and T. S...  [¥]
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, Geoaraphie south_pole aesoaraphic Labels the location of ... 4

|| Use title for layer name
“Coordinate reference system

EPSG:3031  Change ... |
[ Help J [ Add J [ Build query J Close

e south_poles_wfs U OO OO0OOOOO
- J0000D0ODODO0ODODODOOO:

8.0.8

Add WFS Layer from a Server

Server connections

[ nside.org

“r

M [ New ] [ Edit l [ 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... V]
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... [V
Antarctica border antarctica_country_border Bohlander, J.and T. S... [¥]
Antarctic island coastlines antarctica_islands_coastlines Bohlander, J. and T. S...  [¥]
Antarctic Polar Front antarctic_polar_front Orsi, A. and Ryan, U. ... |
International Date Line international_date_line National Geographic ...  [¥]
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, S. 24 Janu...  [¥]
South Pole of Inaccessibility south_pole_inaccessibility Wikipedia contributor... (]
South Pole of Cold south_pole_of_cold Wikipedia contributor... [V
South Poles south_poles_wfs abels the location of ... 7

|| Use title for layer name
“Coordinate reference system

EPSG:3031 Change ...
[ Help J { Add J { Build query J [ Close |
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00 0OO0O0O0ObOOO0

000000d00o000ood0ood0ood0oo00ooooooooooooooooooOooog
0000000000000 0000000 (000000 antarctica_country_border 000000000
a):

G - south
DEBRRRNSLLAAPLRALS & & GEBE = 3o O BY
A

HSPHDHBINSRS

Coordinate: Sale 13.829,6621+) ¥ @ Render £PSG:3031

wMSOOOOOoOOOoOoOoOoDOOOoOoOooDOoO?200000000D00000DCOOOODDOOO
* south_poles_ wfs 00 D0O000D0O0OO0O00OOODOOOODOOOODOOO:

Geographic South Pole
Magnetic South Pole (2005)
Geomagnetic South Pole (2005)
South Pole of Inaccessibility
South Pole of Cold

L d Show All Features

cooooooooooooobooboooooooooooooooboOooooOoboDbOoOooooDn:
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0006 QGIS - south_poles
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Web Feature Service 0 0 0000000000000 0OO0O0OOOO0DOOOOO0OODOOOODOOOOD
boboobooboboboooooboboooooobobobooooboobobooooobOoboobo
boboobooboboboooobooboooooooboobooooooboboooooobobOoon
gbobooboooooooboooboooooboooooobooooooooooowrSooooooooDo
obooooOobooooboobooooog

11.2.2 W Follow Along: WFSO O OO QOO QO

wrESOoooooooooooooooooooooooooooooooooooooobooooooon
gooooooboobobooboooboobooooogooboobobooooboboboooboobOobLobo
ooooboooon

O0D00O00D000DOO WEFSOOUOO countries (excluding Antarctica) D00 O0O000O0O0DOODOO
00000000 south_poles ws 0000000000000 O0OD00OODODOODODOODODOOODOO (@O
00000 antarctica_country_border D 0000 O0O0OONO)TI

U0000D0O020000000000 countries... 00000000000 00O0O0O0O0D0O0O00O0DO0O00ODOO
gbooooobooooooboboooooboobooooobooboobooboobobobooboOoDbobn
boooooboobobooooboooboboboooboobOobooooobobooooooboOoboon
ooooboooo

gboooboooboobooboooboobobboboobooboobooobon

s WFSOUOUODOUODO ODOOOOOOobOOoOooOoobooooboooobooooooboooooobo
goono

e Filter 000 00U countries... 00 0000000000000 0 O0O0OOOO0 ODOOODOOO:
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__Add WFS Layer from a Server

Server connections

| nside.org s

((Connect ] [ New | [ Edi |

Filter: |
Tith | Name Abstract Cache Feature Filter
Antarctic ice shelves antarctic_is Bohlander, ). and T....
Antarctic continent antarcti =)
Antarctic islands antarctic_ ™
land (excluding Antarctica) land_excluding_antarctica ™~
Antarctic suface elevation contours antarctica_elevation_contours Liu, H., K. Jezek, B. [}
glaciers glaciers National Imagery an... [
glacier outlines glacier_outlines Armstrong, R., B. R ™~
coastlines (excluding Antarctica) coastlines_excluding_antarctica Center for Internat ™
Antarctic coastline (includes ice shelves) antarctic_ice_shelves_outline Bohlander, ). and T.. ™
Antarctic grounding line (excludes ice s... ( i Bohlander, J. and T.. ™~
Antarctic island coastlines Bohlander, J. and ™
Antarctic island coastlines _ Bohlander, J. and T.. ™
Antarctic Polar Front antarctic_polar_front Orsi, A. and Ryan, U... ™~
International Date Line international_date_line National Geograp| ™~
Antarctic megadunes antarctic_megadunes Bohlander, J. and T.. )
Antarctic permanent research stations antarctic_research_stations Wikipedia contribut... ™~
Antarctic ice core locations antarctic_ice_ Maurer, J. compiler.... ¥
South Pole, Geographic south_pole_geographic Labels the location )
South Pole, Magnetic south_pole_magnetic McClean, S. 24 Janu ™~
South Pole, Geomagnetic south_pole_geomagnetic McClean, S. 24 Janu... ¥
South Pole of Inaccessibility south_pole_inaccessibili iki| ia contribut. o~
South Pole of Cold south_pole_of_cold Wikipedia contribut... [
South Poles south_poles_wfs Labels the location .. [

("] Use title for layer name
Coordinate reference system

563031

Help Add Build query Close

s JI0O00ODOUOOOOODODODO "Countryeng" = ’"South Africa’ 0O0OOO0O:
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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 - Notes

Geometry 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 VYVYYVYYYY

"Countryeng" = 'South Africa'

Output preview: 0

[ Cancel | (06

e Fiter 00 000O0OO0ODDOO:
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8086

Add WFS Layer from a Server

Server connections

| nsidc.org

ar

[ Connect | | New Edit | [ Delete |

Load [ save |

Filter: |

T

¥ | Name
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_inacc i

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
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

Abstract
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 Internal
Bohlander, J. and
Bohlander, J. and T...
Orsi, A. and Ryan, U...
National Geographi...
Bohlander, J. and T....
Wikipedia contribut...
Maurer, J. compiler...
Labels the location ...
McClean, S. 24 Janu...
McClean, S. 24 Janu...
ikipedia contribut...

2

South Pole of Cold
South Poles

south_pole_of_cold
south_poles_wfs

Wikipedia contribut...
Labels the location ...

AREAAEAEEEAEAYCAEREREREEE

che Feature

Filter

("] Use title for layer name
Coordinate reference system

EPSG:3031

| Help | [ Add | [ Build query |

Chang:

[ Close |

s JUOOOO countries 10000000000 OD0 0D0O0OOOOOODO Countryeng OO South

Africal00000000D0O0DOODODOO:

QGIS - south_poles
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11.2.3 In Conclusion
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11.2.4 What’s Next?
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GRASS Database

Select existing directory or create a new one:

Database: I.r‘l.lsers.-‘georgaimrirﬁDesklop:‘sil&nfqgis.’grass_db

GRASS date are sored intree. | EXa@mple directory tree:
sinuciure. The GRASS

databass is the top-level directory | | 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

00 00O0O00ODbOOOO

GRASSOO”0000O0O0000000000O0O00C00O0O0DOOOO0OOOOODOOODOODOO
gbooobooboooon

- 0000000D00O south_AfricallO0OO0O00OOO:
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Location

(") Select location | a
(=) Create new location ISGUithri |

The GRASS location is & collection of maps for & particular territory or project.
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*WGS 84000000000 O0ODOODOOODOCRSODOOODODO:
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Projection
Coordinate system

O Mot defined

(») Projection

Filter |4326
Recently used coordinate reference systems

Coordinate Reference System | Authority 1D
WGS 84 EPSG:4326

Coordinate reference systems of the world [ | Hide deprecated CRSs

Coordinate Reference System | Authority ID
v & Geographic Coordinate S...

WGS 84 EPSG:4328

Selected CRS: WGS 84

+proj=longlat +ellps=WGSB4 +datum=WGS84 +no_defs +towgsB4=0,0,0

< Back ] [ Next >
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W ——— _______ New Mapset

Default GRASS Region

N |-21 27

S 359

[ Set current QGIS extent | | South Africa

The GRASS region defines a workspace for raster madules. The detfault region i valid for one location. it is possible to
=et a difarant region in each magset. It is possible 1o change the default location region |ater.

[{Back J [ Next:.-]
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- J000DOO0OO0OOODOOOOOODOOOOOOODOOOODOObOOOOOO

288 Chapter 12. Module: GRASS



QGIS Training Manual, D OO0 2.8

Mapset

Mew mapset: |grass_map591

The GRASS mepsat is a collection of maps used by one user. & user can read maps from all mapsats in the location but
e can open for writing only his mapset (owned by user).

< Back ] [ Next >
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Password

Name for output vector map
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| View output |
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e 06 GRASS Tools: SouthAfrica/grass_mapset

{ Modules Tree Maodules List Browser
Opiions Output |~ Manual |
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M2 Mg - W— Warp (Reproject)

[ | Batch mode (for processing whole directory)

Input file sim_41.19 [~ | | Select.. |

Output file tatio/DEM_WGS84 | | Select... |

(¥ Source SRS [EPSG:32733 | [ Select... |

(W Target SRS [EPSG:4326 | [ Select... |

[+ Resampling method l Near

| | No data values 0

[ | Mask layer Select...

[ | Memary used for caching 20MB
| | Resize

Width 3000 & Height 3000

| | Use multithreaded warping implementation

(v Load into canvas when finished

gdah-.rarp -5_srs EPSG:A2733 -t_srs EPSG:4326 -r near -of

Tiff lUsers/georgeirwin/Desktop/sites/qgis/QGIS-

Documentation/source/docs/training_manual/exercise_data/ra
n_ it .

e e - 491s/Q

Help | | Close | [ OK |
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Loaded layer
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Password

Mame for output raster map
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[_Shaw advanced options >> J

| View output |
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QGIS 2.0.1-Dufour
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12.1.4 In Conclusion
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[ModulesTree | Modules List = Browser | w4

Maodule: 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

oboboobOobooooobooooooboon:
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ISP DAINLNRs

[ETEN Bioveer |

Coordinate: | 20.4154,34.0876. Scale [1:10553 - %] ¥ Render EPSG:4326

12.2.2 o Follow Along: 3D0 00 O00O0OCODO
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R
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+nviz0O0OODOODODOO:
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Modules Tree .ﬁ:!@ﬁ'
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e 3D-Viewer (NVIZ)

- DO00O0O0OO0OODOODO:
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[Modules'l‘ree | Modules List =~ Browser
.:Em Qutput | Manual

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 )

-2000000000D0OO00DOO0OO0DODODOOO ODODOOODODOOODDO DOODOOODODO
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- 0000DOO00DDOO:00D0 MapcalcOOODDODOOODOOODODOODODDOOO@OODOOO
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006 GRASS Tools: SouthAfrica/grass_mapset
| Modules Tree  Modules List ~ Browser _
Maodule: .mapcalc
{ Options Manual |

r.mapcalc "altitude_range = (((g_demw@grass_map: g gl | -1000)))"

Successtully finished
|’

| Run | | View output | | Close |

- 0J000D0OOODOOOOODODLOOODOODOOOOn:
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12.2.4 In Conclusion
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131 000000000

Before doing any data analysis, you will need a base map, which will provide your analysis result with context.

1311 0000000000

il

v

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:

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

EEIT3

include “tourist destination”, “police station”, and “town center”.

.
. obooooobooooooboon

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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v

* 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.

1312 00000C0C0O0O0

Add the road layer and then change its symbology. Don’t label the roads.

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.

v

¢ Do the same as inthe ™  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.

1313 0000000000

* Add the land use layer and change its symbology.
-

¢ 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!

v

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 © &

¢ Include raster analysis in your results. Consider at least one derived property of the raster, such as its aspect
or slope.

133 0000000

» 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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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

O 00O: The sample data used in this module is part of the training manual data set and can be downloaded here.
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.

O O : 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 - 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 | | [III]
#

. 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.

* 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

Dutput raster: datafforestry/digitizing frautjarvi_georef. tif
Target SRS EPSG: 2392
Generate pdf map:

Generate pdf report:

&) (&7) &) |

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:

e

' Georeferencer - rautjarvi_map.tif | || E ﬂ

File Edit WView Settings Help

W > 365 @ #3038 OBL» fie~

GCP tzble

onjfoff id srk srcf dst¥ dstY d¥ [pixels] df [pixels]
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 3 433,49 81103 255?000.00 -7.73 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:
o 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.

1431 V" 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:

[rautjarvi_map porte RGE co Layers - Brushes

File Edit Select View Image Layer Colors Tools Filters Windows Help éil@{l@
O] 1309 30 1309 1409 i )

Mode: Normal lzl
o ]|
lock 4 R

. Pasted Layer

@ L
rautiarvi_map.tif

Fs

em
|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.

1432 © 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 itin Lesson: 0O OO OO OO0 OO,

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 & 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 m&p units | v |.B.-n:|id intersections of new polygons
X forest_stands to vertex >|5 map units | * 3%
% 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.

e If a border is a straight line, digitize it with just two nodes. In general, digitize using as few nodes as
possible.

e 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 id 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.
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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 & 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: [0 0 0 O O O O, 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:
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14.3.6 ‘ 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:
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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 ® 5V (comma separated values) Custom delimiters Reqular 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) @ Mo geometry (attribute only table)
Layer settings [[] Use spatial index LUse 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 e 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 | & Move Up
oo sig  |[revcoom
2 |Hab EI”tEQEF . #| Rename
; legtrmg .......... ——
4 | Age gInteger _'—| Insert
5 G Lo 3 lone
6 | Vol éInteger
? Mamsp ............................. Integer ........
; Mamperc .......................... Integer ........
[:] | o 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: [J [ [J [1 [J . 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.

14.41 - 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.

e 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.

* 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 - 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.

e Remember to click Apply or OK.
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/! snapping options
\:I Layer / |Mode Tolerance | Units Avoid Int. |
X forest_stands_2012 ito vertex iv 5 map units v X%
% 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.
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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
Erowse
Output 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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b 4 Show al Features _

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.

¢ Name the result squirrel_15m. shp.
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Y Buffer(s)
Input vector layer
squirrel
Use only selected features
Segments to approximate | 5
® Buffer distance 15

Buffer distance field

4k

id_pr

Dissalve buffer results

Dutput shapefile

orestryfdigitizing/squirrel_15m.shp Browse |

X Add result to canvas

I ow oK

Close

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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.71 Join attributes by location 7|3

Target vector layer
forest_stands_2012 -

Join vector layer

squirrel_15m -
Attribute Summary

® Take attributes of first located feature
Take summary of intersecting features

M Mean [ IMin [IMax []sum [ ] Median

Qutput Shapefile

tafforestry/digitizing/stands_squirrel_15m.shp | Browse

Output table

Only keep matching records
® Keep all records (incuding non-matching target records)

I 0% oK Close

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 “ 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.
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* 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 4 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.

O 0O 0O: 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):

340 Chapter 14. Module: 0000000000



QGIS Training Manual, D OO0 2.8

* Open Vector — Geoprocessing Tools — Clip.

* 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 attribute table again, you will notice that the order in the table is
following also that pattern. Unless you would have a reason to name the sample plots in a different way, naming
them in a West-East/North-South fashion follows a logical order and is a good option.

OO00: If you would like to order or name them in a different way, you could use a spreadsheet to be able to
order and combine rows and columns in any different way.
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Nevertheless, the number values in the id field are not so good. It would be better if the naming would be
something like p_1, p_2.... You can create a new column for the systematic_plots_clip layer:

Go to the Attribute table for systematic_plots_clip.
Enable the edit mode.

Open the Field calculator and name the new column P1lot_id.
Set the Output field type ‘to :kbd: ‘Text (string).

In the Expression field, write, copy or construct this formula concat (' P_’, $rownum ). Remember
that you can also double click on the elements inside the Function list. The concat function can be found
under String and the $ rownum parameter can be found under Record.

Click OK.

Disable the edit mode and save your changes.

Now you have a new column with plot names that are meaningful to you. For the systematic_plots_clip
layer, change the field used for labeling to your new P1lot_id field.
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14.5.3 ‘l Follow Along: Exporting Sample Plots as GPX format

The field teams will be probably using a GPS device to locate the sample plots you planned. The next step is
to export the points you created to a format that your GPS can read. QGIS allows you to save your point and
line vector data in GPS eXchange Format (GPX)<http://en.wikipedia.org/wiki/GPS_Exchange_Format>, which
is an standard GPS data format that can be read by most of the specialized software. You need to be careful with
selecting the CRS when you save your data:

* Right click systematic_plots_clip and select Save as.

e In Format select GPS eXchange Format [GPX].
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 Save the output as plots_wgs84.gpx.
e In CRS select Selected CRS.
e Browse for WGS 84 (EPSG:4326).

..note:: The GPX format accepts only this CRS, if you select a different one, QGIS will give no error but you will
get an empty file.

* Click OK.

* In the dialog that opens, select only the waypoints layer (the rest of the layers are empty).

I

7' Save vector layer as... @

Format GRS eXchange Format [GPY] -

Sawve as

_data/forestry/sampling/plots_waos84.gpx Browse

Encoding System -

CRS Selected CRS -
WG5S 84 Browse

Symbology export Mo symbology -

Scale | 1:50000 =

Skip attribute creation

X| Add saved file to map

More Options == l

The inventory sample plots are now in a standard format that can be managed by most of the GPS software. The
field teams can now upload the locations of the sample plots to their devices. That would be done by using the
specific devices own software and the plots_wgs84 . gpx file you just saved. Other option would be to use the
GPS Tools plugin but it would most likely involve setting the tool to work with your specific GPS device. If you
are working with your own data and want to see how the tool works you can find out information about it in the
section Working with GPS Data in the QGIS User Manual.

Save your QGIS project now.
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14.5.4 In Conclusion

You just saw how easily you can create a systematic sampling design to be used in a forest inventory. Creating
other types of sampling designs will involve the use of different tools within QGIS, spreadsheets or scripting to
calculate the coordinates of the sample plots, but the general idea remains the same.

14.5.5 What’s Next?

In the next lesson you will see how to use the Atlas capabilities in QGIS to automatically generate detailed maps
that the field teams will be using to navigate to the sample plots assigned to them.

14.6 Lesson: Creating Detailed Maps with the Atlas Tool

The systematic sampling design is ready and the field teams have loaded the GPS coordinates in their navigation
devices. They also have a field data form where they will collect the information measured at every sample plot.
To easier find their way to every sample plot, they have requested a number of detail maps where some ground
information can be clearly seen along with a smaller subset of sample plots and some information about the map
area. You can use the Atlas tool to automatically generate a number of maps with a common format.

The goal for this lesson: Learn to use the Atlas tool in QGIS to generate detailed printable maps to assist in the
field inventory work.

14.6.1 - Follow Along: Preparing the Map Composer

Before we can automate the detailed maps of the forest area and our sampling plots, we need to create a map
template with all the elements we consider useful for the field work. Of course the most important will be a
properly styled but, as you have seen before, you will also need to add lots of other elements that complete the
printed map.

Open the QGIS project from the previous lesson forest_inventory.qggs. You should have at least the
following layers:

e forest_stands_2012 (with a 50% transparency, green fill and darker green border lines).
* systematic_plots_clip.
e rautjarvi_aerial.
Save the project with a new name, map_creation.ggs.
To create a printable map, remember that you use the Composer Manager:
* Open Project — Composer Manager...

¢ In the Composer manager dialog.

Click the Add button and name your composer forest_map.
* Click OK.
Click the Show button.

Set up the printer options so that your maps will suit your paper and margins, for an A4 paper:
* Open menuselection: Composer —> Page Setup.
o Sizeis A4 (217 x 297 mm).
e Orientation is Landscape.

* Margins (milimeters) are all set to 5.

14.6. Lesson: Creating Detailed Maps with the Atlas Tool 345



QGIS Training Manual, D000 2.8

In the Print Composer window, go to the Composition tab (on the right panel) and make sure that these settings
for Paper and quality are the same you defined for the printer:

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

Composing a map is easier if you make use of the canvas grid to position the different elements. Review the
settings for the composer grid:

* In the Composition tab expand the Grid region.
¢ Check that Spacing is setto 10 mm.
* And that Tolerance is setto 2 mm.
You need to activate the use of the grid:
* Open the View menu.
* Check Show grid.
* Check Snap to grid.

* Notice that options for using guides are checked by default, which allows you to see red guiding lines when
you are moving elements in the composer.

Now you can start to add elements to your map canvas. Add first a map element so you can review how it looks
as you will be making changes in the layers symbology:

+ Click on the Add New Map button: | &

* Click and drag a box on the canvas so that the map occupies most of it.
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Notice how the mouse cursor snaps to the canvas grid. Use this function when you add other elements. If you
want to have more accuracy, change the grid Spacing setting. If for some reason you don’t want to snap to the grid
at some point, you can always check or uncheck it in the View menu.
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14.6.2 & Follow Along: Adding Background Map

Leave the composer open but go back to the map. Lets add some background data and create some styling so that
the map content is as clear as possible.

* Add the background raster basic_map.tif that you can find in the exercise_data\forestry\
folder.

* When prompted select the ETRS89 / ETRS-TM35FIN CRS for the raster.

As you can see the background map is already styled. This type of ready to use cartography raster is very common.
It is created from vector data, styled in a standard format and stored as a raster so that you don’t have to bother
styling several vector layers and worrying about getting a good result.

* Now zoom to your sample plots, so that you can see only about four or five lines of plots.

The current styling of the sample plots is not the best, but how does it look in the map composer?:

While during the last exercises, the white buffer was OK on top of the aerial image, now that the background
image is mostly white you barely can see the labels. You can also check how it looks like on the composer:

* Go to the Print Composer window.

e Use the gg button to select the map element in the composer.

* Go to the Item properties tab.

» Under Extents click on Set to map canvas extent.

* If you need to refresh the element, under Main properties click on the Update preview.

Obviously this is not good enough, you want to make the plot numbers as clearly visible as possible for the field
teams.

14.6.3 ﬂ Try Yourself Changing the Symbology of the Layers

You have been working in Module: [1 1 0 O OO OO with symbology and in Module: OO0 000 OO OO
with labeling. Go back to those modules if you need to refresh about some of the available options and tools. Your
goal is to get the plots locations and their name to be as clearly visible as possible but always allowing to see the
background map elements. You can take some guidance from this image:
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\B

You will use later the the green styling of the forest_stands_2012 layer. In order to keep it, and have a
visualization of it that shows only the stand borders:

* Rightclick on forest_stands_2012 and select Duplicate

* you get a new layer named forest_stands_2012 copy that you can use to define a different style,
for example with no filling and red borders.

Now you have two different visualizations of the forest stands and you can decide which one to display for your
detail map.

Go back to the Print composer window often to see what the map would look like. For the purposes of creating
detailed maps, you are looking for a symbology that looks good not at the scale of the whole forest area (left image
below) but at a closer scale (right image below). Remember to use Update preview and Set to map canvas extent
whenever you change the zoom in your map or the composer.
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14.6.4 é! Try Yourself Create a Basic Map Template

Once you have a symbology your happy with, you are ready to add some more information to your printed map.

Add at least the following elements:
* Title.
* A scale bar.
* Grid frame for your map.

* Coordinates on the sides of the grid.

You have created a similar composition already in Module: 1 [1 O 0 O O . Go back to that module as you need.

You can look at this example image for reference:

7 forest map.
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Export your map as an image and look at it.
* Composer — Export as Image.
* Use for example the JPG format.

That is what it will look like when printed.

14.6.5 e Follow Along: Adding More Elements to the Composer

As you probably noticed in the suggested map template images, there are plenty of room on the right side of the
canvas. Lets see what else could go in there. For the purposes of our map, a legend is not really necessary, but an
overview map and some text boxes could add value to the map.

The overview map will help the field teams place

the detail map inside the general forest area:

¢ Add another map element to the canvas, right under the title text.

* In the Item properties tab, open the Overview dropdown.
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* Set the Overview frame to Map 0. This creates a shadowed rectangle over the smaller map representing the
extent visible in the bigger map.

* Check also the Frame option with a black color and a Thickness of 0. 30.

! forest map copy (E=EECR =
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Notice that your overview map is not really giving an overview of the forest area which is what you want. You
want this map to represent the whole forest area and you want it to show only the background map and the
forest_stands_2012 layer, and not display the sample plots. And also you want to lock its view so it does
not change anymore whenever you change the visibility or order of the layers.

* Go back to the map, but don’t close the Print composer.

* Right click the forest_stands_2012 layer and click on Zoom to Layer Extent.
* Deactivate all layers except for basic_map and forest_stands_2012.

* Go back to the Print composer.

* With the small map selected, click the Sef fo map canvas extent to set its extents to what you can see in the
map window.

* Lock the view for the overview map by checking Lock layers for map item under Main properties.

Now your overview map is more what you expected and its view will not change anymore. But, of course, now
your detail map is not showing anymore the stand borders nor the sample plots. Lets fix that:

* Go to the map window again and select the layers you want to be visible (systematic_plots_clip,
forest_stands_2012 copy and Basic_map).

* Zoom again to have only a few lines of sample plots visible.

* Go back to the Print composer window.

Select the bigger map in your composer (gg).

* In Item properties click on Update preview and Set to map canvas extent.
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Notice that only the bigger map is displaying the current map view, and the small overview map is keeping the
same view you had when you locked it.

Note also that the overview is showing a shaded frame for the extent shown in the detail map.
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Your template map is almost ready. Add now two text boxes below the map, one containing the text ‘Detailed map
zone: ‘ and the other one ‘Remarks: ‘. Place them as you can see in the image above.

You can also add a North arrow to the overview map:

Use the Add image tool, ﬁ?

Click at the upper right corner of the overview map.

* In Item properties open Search directories and browse for an arrow image.

* Under Image rotation, check the Sync with map and select Map 1 (the overview map).
¢ Uncheck Background.

* Resize the arrow image to a size that looks good on the small map.

The basic map composer is ready, now you want to make use of the Atlas tool to generate as many detail maps in
this format as you consider necessary.

14.6.6 6} Follow Along: Creating an Atlas Coverage

The Atlas coverage is just a vector layer that will be used to generate the detail maps, one map for every feature
in the coverage. To get an idea of what you will do next, here is a full set of detail maps for the forest area:
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The coverage could be any existing layer, but usually it makes more sense to create one for the specific purpose.
Let’s create a grid of polygons covering the forest area:

¢ In the QGIS map view, open Vector — Research Tools — Vector grid.

* Set the tool as shown in this image:
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[l

 Vector grid

Grid extent
forest_stands_2012 -

Align extents and resolution to selected raster layer

Update extents from layer

Update extents from canvas

X Min  397024,141 Y Min | 6735455.69525
X Max 398082.827472 Y Max | 6737173.746
Parameters

¥ a00,0000000000
Lock 1:1ratio

A4k AP

¥ 3000000000000

® Output grid as polygons

Qutput grid as lines

Cutput shapefile

cise_datafforestry /sampling/atlas_coverage.shp

X Add result to canvas

[ 0% | oK Close

» Save the output as at las_coverage.shp.
 Style the new at las_coverage layer so that the polygons have no filling.

The new polygons are covering the whole forest area and they give you an idea of what each map (created from
each polygon) will contain.
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There is a plugin update available Coordinate:

14.6.7 e Follow Along: Setting Up the Atlas Tool

The last step is to set up the Atlas tool:
¢ Go back to the Print Composer.
¢ In the panel on the right, go to the Atlas generation tab.

* Set the options as follows:
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Compasition Item properties Atlas generation

&tlzs generation
X Generate an atlas
w Configuration
Coverage layer atlas_coverage -

X Hidden coverage layer
Filter with

w Output
Qutput filename expression

|'ﬁeldma|:||_'||$Fea1urE ]

Single file export when possible

Sortby | ID - | E]

That tells the Atlas tool to use the features (polygons) inside at las_coverage as the focus for every detail
map. It will output one map for every feature in the layer. The Hidden coverage layer tells the Atlas to not show
the polygons in the output maps.

One more thing needs to be done. You need to tell the Atlas tool what map element is going to be updated for
every output map. By now, you probably can guess that the map to be changed for every feature is the one you
have prepared to contain detail views of the sample plots, that is the bigger map element in your canvas:

* Select the bigger map element.
¢ Go to the Item properties tab.
* In the list, check Controlled by atlas.

* And set the Marging around feature to 10%. The view extent will be 10% bigger than the polygons, which
means that your detail maps will have a 10% overlap.
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Map
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b Extents
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B Overview

B Position and size

b Rotation
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Now you can use the preview tool for Atlas maps to review what your maps will look like:
* Activate the Atlas previews using the button or if your Atlas toolbar is not visible, via Atlas — Preview
Atlas.
* You can use the arrows in the Atlas tool bar or in the Atlas menu to move through maps that will be created.

Note that some of them cover areas that are not interesting. Lets do something about it and save some trees by not
printing those useless maps.

14.6.8 & Follow Along: Editing the Coverage Layer
Besides removing the polygons for those areas that are not interesting, you can also customize the text labels in
your map to be generated with content from the Artribute table of your coverage layer:

* Go back to the map view.

» Enable editing for the at las_coverage layer.
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* Select the polygons that are selected (in yellow) in the image below.

* Remove the selected polygons.

* Disable editing and save the edits.
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You can go back to the Print Composer and check that the previews of the Atlas use only the polygons you left in
the layer.

The coverage layer you are using does not yet have useful information that you could use to customize the content
of the labels in your map. The first step is to create them, you can add for example a zone code for the polygon
areas and a field with some remarks for the field teams to have into account:

* Open the Attribute table for the at las_coverage layer.

Enable editing.

Use the calculator to create and populate the following two fields.

Create a field named Zone and type Whole number (integer).

In the Expression box write/copy/construct $rownum.

Create another field named Remarks, of type Text (string) and a width of 255.
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* In the Expression box write ' No remarks.’. This will set all the default value for all the polygons.

The forest manager will have some information about the area that might be useful when visiting the area. For
example, the existence of a bridge, a swamp or the location of a protected species. The at Llas_coverage layer
is probably in edit mode still, add the following text in the Remarks field to the corresponding polygons (double
click the cell to edit it):

e For the Zone 2: Bridge to the North of plot 19. Siberian squirrel between
p_13 and p_14..

e Forthe Zone 6: Difficult to transit in swamp to the North of the lake..
e Forthe Zone 7: Siberian squirrel to the South East of p_94..
* Disable editing and save your edits.

Almost ready, now you have to tell the Atlas tool that you want some of the text labels to use the information from
the at las_coverage layer’s attribute table.

¢ Go back to the Print Composer.

* Select the text label containing Detailed map.. ..

* Set the Font size to 12.

* Set the cursor at the end of the text in the label.

¢ In the Item properties tab, inside the Main properties click on Insert an expression.
* In the Function list double click on the field Zone under Field and Values.

* Click OK.

¢ The text inside the box in the Item properties should show Detail map inventory zone: [$%
"Zone" %]. Note that the [$ "Zone" %] will be substituted by the value of the field Zone for the
corresponding feature from the layer at las_coverage.

Test the contents of the label by looking at the different Atlas preview maps.

Do the same for the labels with the text Remarks: using the field whit the zone information. You can leave a
break line before you enter the expression. You can see the result for the preview of zone 2 in the image below:
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Use the Atlas preview to browse through all the maps you will be creating soon and enjoy!

14.6.9 e Follow Along: Printing the Maps

Last but not least, printing or exporting your maps to image files or PDF files. You can use the Atlas — Export
Atlas as Images... or Atlas — Export Atlas as PDEF.... Currently the SVG export format is not working properly
and will give a poor result.

Lets print the maps as a single PDF that you can send to the field office for printing:
* Go to the Atlas generation tab on the right panel.

* Under the Output check the Single file export when possible. This will put all the maps together into a PDF
file, if this option is not checked you will get one file for every map.

e Open Composer — Export as PDF....

» Save the PDF file as inventory_2012_maps.pdf in your
exercise_data\forestry\samplig\map_creation\ folder.

Open the PDF file to check that everything went as expected.

You could just as easily create separate images for every map (remember to uncheck the single file creation), here
you can see the thumbnails of the images that would be created:
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In the Print Composer, save your map as a composer template as forestry_ atlas.gpt in your
exercise_data\forestry\map_creation\ folder. Use Composer — Save as Template. You will be
able to use this template again and again.

Close the Print Composer and save your QGIS project.

14.6.10 In Conclusion

You have managed to create a template map that can be used to automatically generate detail maps to be used in
the field to help navigate to the different plots. As you noticed, this was not an easy task but the benefit will come
when you need to create similar maps for other regions and you can use the template you just saved.

14.6.11 What’s Next?

In the next lesson, you will see how you can use LiDAR data to create a DEM and then use it to your enhance
your data and maps visibility.

14.7 Lesson: Calculating the Forest Parameters

Estimating the parameters of the forest is the goal of the forest inventory. Continuing the example from previous
lesson, you will use the inventory information gathered in the field to calculate the forest parameters, for the whole
forest first, and then for the stands you digitized before.

The goal for this lesson: Calculate forest parameters at general and stand level.

14.71 é'l Follow Along: Adding the Inventory Results

The field teams visited the forest and with the help of the information you provided, gathered information about
the forest at every sample plot.

Most often the information will be collected into paper forms in the field, then typed to a spreadsheet. The sample
plots information has been condensed into a . csv file that can be easily open in QGIS.

Continue with the QGIS project from the lesson about designing the inventory, you probably named it
forest_inventory.qggs.

First, add the sample plots measurements to your QGIS project:

* Go to Layer — Add Delimited Text Layer....
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* Browse to the file systematic_inventory_results.csv located in
exercise_data\forestry\results\.

* Make sure that the Point coordinates option is checked.

* Set the fields for the coordinates to the X and Y fields.

* Click OK.

* When prompted, select ETRS89 / ETRS-TM35FIN as the CRS.
* Open the new layer’s Attribute table and have a look at the data.

You can read the type of data that is contained in the sample plots measurements in the text file
legend_2012_inventorydata.txt located inthe exercise_data\forestry\results\ folder.

The systematic_inventory_results layer you just added is actually just a virtual representation of the
text information in the . csv file. Before you continue, convert the inventory results to a real shapefile:

* Right click on the systematic_inventory_results layer.
¢ Browse to exercise_data\forestry\results)\ folder.

e Name the file sample_plots_results.shp.

Check Add saved file to map.

* Remove the systematic_inventory_results layer from your project.

14.7.2 v Follow Along: Whole Forest Parameters Estimation

You can calculate the averages for this whole forest area from the inventory results for the some interesting
parameters, like the volume and the number of stems per hectare. Since the systematic sample plots represent
equal areas, you can directly calculate the averages of the volumes and number of stems per hectare from the
sample_plots_results layer.

You can calculate the average of a field in a vector layer using the Basic statistics tool:
* Open Vector — Analysis Tools — Basic statistics.
* Select the sample_plots_results as the Input Vector Layer.
e Select Vol as Target field.
* Click OK.
The average volume in the forestis 135.2 m3/ha.

You can calculate the average for the number of stems in the same way, 2745 stems/ha.

14.7. Lesson: Calculating the Forest Parameters 361



QGIS Training Manual, 0 000 2.8

.\ Basics statistics @ ! Basics statistics @
Input Vector Layer Input Vector Layer
sample_plots_results v sample_plots_results v
Use only selected features Use only selected features
Target field Target field
Vol v iStems iv
Statistics output Statistics output
Parameter Value !z[ | Parameter Value !z[
Mean 135.153153153L Mean 2744.65765766L
StdDev 69.966941769 StdDev 2775.63980935
Sum 15002.0 Sum 304657.0
Min 15.0 Min 167.0
Max 333.0 @ Max 11400.0 @
Press Ctrl+C to copy results to the clipboard Press Ctrl+C to copy results to the dipboard
0 0% ] [ o _ Close 0 0% | [ o Close
4 4

14.7.3 v Follow Along: Estimating Stand Parameters

You can make use of those same systematic sample plots to calculate estimates for the different forest stands
you digitized previously. Some of the forest stands did not get any sample plot and for those you will not get
information. You could have planned some extra sample plots when you planned the systematic inventory, so
that the field teams would have measured a few extra sample plots for this purpose. Or you could send a field

team later to get estimates of the missing forest stands to complete the stand inventory. Nevertheless, you will get
information for a good number of stands just using the planned plots.

What you need is to get the averages of the sample plots that are falling within each of the forest stands. When
you want to combine information based on their relative locations, you perform a spatial join:

* Open the Vector — Data Management — Join attributes by location tool.

Set forest_stands_2012 as the Target vector layer. The layer you want the results for.

Set sample_plots_results as the Join vector layer. The layer you want to calculate estimates from.
¢ Check Take summary of intersecting features.

* Check to calculate only the Mean.

e Name the result as forest_stands_2012_results.shp and save it in the
exercise_data\forestry\results\ folder.

Finally select Keep all records..., so you can check later what stands did not get information.
* Click OK.

* Accept adding the new layer to your project when prompted.

* Close the Join attributes by location tool.

Open the Attribute table for forest_stands_2012_results and review the results you got. Note that a
number of forest stands have NULL as the value for the calculations, those are the ones having no sample plots.
Select them all review them in the map, they are some of the smaller stands:
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Lets calculate now the same averages for the whole forest as you did before, only this time you will use the
averages you got for the stands as the bases for the calculation. Remember that in the previous situation, each
sample plot represented a theoretical stand of 80x80 m. Now you have to consider the area of each of the stands
individually instead. That way, again, the average values of the parameters that are in, for example, m3/ha for the
volumes are converted to total volumes for the stands.

You need to first calculate the areas for the stands and then calculate total volumes and stem numbers for each of
them:

* In the Attribute table enable editing.
* Open the Field calculator.

¢ Create a new field called area.
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* Leave the Output field type to Decimal number (real).
* Set the Precision to 2.
* In the Expression box, write Sarea / 10000. This will calculate the area of the forest stands in ha.
* Click OK.
Now calculate a field with the total volumes and number of stems estimated for every stand:
* Name the fields s_vol and s_stem.
 The fields can be integer numbers or you can use real numbers also.

e Use the expressions "area" x "MEANVol" and "area" » "MEANStems" for total volumes and
total stems respectively.

 Save the edits when you are finished.
¢ Disable editing.

In the previous situation, the areas represented by every sample plot were the same, so it was enough to calculate
the average of the sample plots. Now to calculate the estimates, you need to divide the sum of the stands volumes
or number of stems by the sum of the areas of the stands containing information.

¢ In the Attribute table for the forest_stands_2012_results layer, select all the stands containing
information.

* Open Vector — Analysis Tools — Basic statistics.
» Select the forest_stands_2012_results as the Input Vector Layer.

* Select area as Target field.

Check the Use only selected features
Click OK.
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As you can see, the total sum of the stands’ areas is 66 .04 ha. Note that the area of the missing forest stands is
only about 7 ha.

In the same way, you can calculate that the total volume for these stands is 8908 m3/ha and the total number of
stemsis 179594 stems.

Using the information from the forest stands, instead of directly using that from the sample plots, gives the fol-
lowing average estimates:

* 184.9 m3/haand
e 2719 stems/ha.

Save your QGIS project, forest_inventory.ggs.

14.7.4 In Conclusion

You managed to calculate forest estimates for the whole forest using the information from your systematic sample
plots, first without considering the forest characteristics and also using the interpretation of the aerial image into
forest stands. And you also got some valuable information about the particular stands, which could be used to
plan the management of the forest in the coming years.
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14.7.5 What’s Next?

In the following lesson, you will first create a hillshade background from a LiDAR dataset which you will use to
prepare a map presentation with the forest results you just calculated.

14.8 Lesson: DEM from LiDAR Data

You can improve the look of your maps by using different background images. You could use the basic map or
the aerial image you have been using before, but a hillshade raster of the terrain will look nicer in some situations.

You will use LAStools to extract a DEM from a LiDAR dataset and then create a hillshade raster to use in your
map presentation later.

The goal for this lesson: Install LAStools and calculate a DEM from LiDAR data and a hillshade raster.

14.8.1 %" Follow Along: Installing Lastools
Managing LiDAR data within QGIS is possible using the Processing framework and the algorithms provided by
LAStools.

You can obtain a digital elevation model (DEM) from a LiDAR point cloud and then create a hillshade raster
that is visually more intuitive for presentation purposes. First you will have to set up the Processing framework
settings to properly work with LAStools:

* Close QGIS, if you have already started it.

* Anold lidar plugin might be installed by default in your system in the folder C: /Program Files/QGIS
Valmiera/apps/ggis/python/plugins/processing/.

* If you have a folder named 1idar, delete it. This is valid for some installations of QGIS 2.2 and 2.4.
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* Go to the exercise_datal\forestry\lidar\ folder, there you can find the file
QGIS_2_2_toolbox.zip. Open it and extract the 1idar folder to replace the one you just
deleted.

* If you are using a different QGIS version, you can see more installation instructions in this tutorial.

Now you need to install the LAStools to your computer. Get the newest lastools version here and extract the
content of the lastools. zip file into a folder in your system, for example, c: \1lastools\. The path to the
lastools folder cannot have spaces or special characters.

O0O0O: Read the LICENSE.txt file inside the lastools folder. Some of the LAStools are open source
and other are closed source and require licensing for most commercial and governmental use. For education and

evaluation purposes you can use and test LAStools as much as you need to.

The plugin and the actual algorithms are now installed in your computer and almost ready to use, you just need to
set up the Processing framework to start using them:

* Open a new project in QGIS.
* Set the project’s CRS to ETRS89 / ETRS-TM35FIN.
 Save the project as forest_lidar.qggs.
To setup the LAStools in QGIS:
* Go to Processing — Options and configuration.
* In the Processing options dialog, go to Providers and then to Tools for LiDAR data.
* Check Activate.
 For LAStools folder set c:\1lastools\ (or the folder you extracted LAStools to).
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14.8.2 e Follow Along: Calculating a DEM with LAStools

You have already used the Processing toolbox in Lesson: J [1 [ [0 to run some SAGA algorithms. Now you are
going to use it to run LAStools programs:

* Open Processing — Toolbox.
¢ In the dropdown menu at the bottom, select Advanced interface.

* You should see the Tools for LIDAR data category.
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Advanced interface -

Simi ified interface
Advanced interface

» Expand it to see the tools available, and expand also the LAStools category (the number of algorithms may

vary).
* Scroll down until you find the lasview algorithm, double click it to open.
e At Input LAS/LAZ file, browse to exercise_datal\forestry\lidar\ and select the
rautjarvi_lidar.laz file.
14.8. Lesson: DEM from LiDAR Data 369



QGIS Training Manual, D000 2.8

[ - . - |asdip ’
‘ﬁ lasview E - lascolor

- lasduplicate

Parameters | Log | Help - lasgrid

' ' ' -~ lasground

- lasheight

verbose - lasindex

- lasinfo

No T - lasmerge

) - lasnoise
input LAS/LAZ file - lasoverage

C:\ggis_forestry'exercise_data\forestry\idarirautjarvi_lidar.laz :] - lasaverlap
- |laspredsion

- lasguery

- lassort

- lassplit

- lasthin

- lastile

- lasvalidate

( 0% ) Ry

- shp2las

1 ACkmle Mhimelim—e-

e Click Run.

Now you can see the LIDAR data in the just a little LAS and LAZ viewer dialog window:

7 just a little LAS and LAZ viewer =R ==

There are many things you can do within this viewer, but for now you can just click and drag on the viewer to pan
the LiDAR point cloud to see what it looks like.

OO00O: If you want to know further details on how the LAStools work, you can read the README text files
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about each of the tools, in the C:\lastools\bin\ folder. Tutorials and other materials are available at the
Rapidlasso webpage.

* Close the viewer when you are ready.

Creating a DEM with LAStools can be done in two steps, first one to classify the point cloud into ground and
no ground points and then calculating a DEM using only the ground points.

¢ Go back to the Processing Toolbox.
¢ Note the Search... box, write 1asground.

* Double click to open the lasground tool and set it as shown in this image:

."'" lasground
Parameters Log Help |
verbose B
No hd
input LAS/LAZ file
C:\qais_forestry\exercise_data\forestryVidarrautjarvi_lidar.laz I]
horizontal feet
No -
vertical feet
Mo -
airborne LIDAR
fes -
terrain type
wilderness hd
preprocessing
default hd @
[ 0% ]
Run Close

* The output file is saved to the same folder where the raut jarvi_lidar.laz is located and it is named
rautjarvi_lidar_1.las.

You can open it with lasview if you want to check it.
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1 just a little LAS and LAZ viewer =] f=le =

pan

The brown points are the points classified as ground and the gray ones are the rest, you can click the letter g to
visualize only the ground points or the letter u to see only the unclassified points. Click the letter a to see all
the points again. Check the lasview_README. txt file for more commands. If you are interested, also this
tutorial about editing LiDAR points manually will show you different operations within the viewer.

* Close the viewer again.
* In the Processing Toolbox, search for 1as2demn.

* Open the las2dem tool and set it as shown in this image:
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2 las2dem

Parameters Log Help |

verbose
Mo
input LAS/LAZ file
C:'\gois_forestry\exercse_data‘forestry\idarrautjarvi_lidar_1.las
filter {by return, dassification, flags)

step size [ pixel size
1,000000

Attribute
elevation
Product
actual values
Qutput raster file
C:foois_forestry fexercise_data fforestry fresults frautjarvi_dem. tif

% Open output file after running algorithm

4

|

Run Close

Cancel

The result DEM is added to your map with the generic name Output raster file.

O00O: The lasground and las2dem tools require licensing. You can use the unlicensed tool as indicated in the

license file, but you get the diagonals you can appreciate in the image results.

14.8.3 & Follow Along: Creating a Terrain Hillshade

For visualization purposes, a hillshade generated from a DEM gives a better visualization of the terrain:

* Open Raster — Terrain analysis — Hillshade.

e As the Output layer, browse to exercise_datal\forestry\lidar\ and name the file

hillshade.tif.

* Leave the rest of parameters with the default settings.

14.8. Lesson: DEM from LiDAR Data
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' Hillshade

Elevation layer

[ 2wl

rautjarvi_dem -

Output layer 2stry flidar frautjarvi_hillshade. tif E]
Output format GeoTIFF -
Z factor 1
X Add result to project
Tlurnination
Azimuth (horizontal angle) 300.00 :
Vertical angle 40.00 :

* Select ETRS89 / ETRS-TM35FIN as the CRS when prompted.

Despite the diagonal lines remaining in the hillshade raster result, you can clearly see an accurate relief of the
area. You can even see the different soil drains that have been dug in the forests.
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14.8.4 In Conclusion

Using LiDAR data to get a DEM, specially in forested areas, gives good results with not much effort. You could
also use ready LiDAR derived DEMs or other sources like the SRTM 9m resolution DEMs. Either way, you can
use them to create a hillshade raster to use in your map presentations.

14.8.5 What’s Next?

In the next, and final step in this module, lesson you will use the hillshade raster and the forest inventory results
to create a map presentation of the results.

14.9 Lesson: Map Presentation

In the previous lessons you have imported an old forest inventor as a GIS project, updated it to the current situa-
tion, designed a forest inventory, created maps for the field work and calculated forest parameters from the field
measurements.

It is often important to create maps with the results of a GIS project. A map presenting the results of the forest
inventory will make it easier for anyone to have a good idea of what the results are in a quick glance, without
looking at the specific numbers.
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The goal for this lesson: Create a map to present the inventory results using a hillshade raster as background.

14.9.1 - Follow Along: Preparing the Map Data

Open the QGIS project from the parameters calculations lesson, forest_inventory.qggs. Keep at least the
following layers:

e forest_stands_2012_results.

* basic_map.

* rautjarvi_aerial.

e lakes (if you don’t have it, add it from the exercise_data\forestry\ folder).

You are going to present the average volumes of your forest stands in a map. If you open the Artribute table for
the forest_stands_2012_results layer, you can see the NULL values for the stands without information.
To be able to get also those stands into your styling you should change the NULL values to, for example, —999,
knowing that those negative numbers mean there is no data for those polygons.

For the forest_stands_2012_results layer:
* Open the Aftribute table and enable editing.
* Select the polygons with NULL values.
* Use the calculator to update the values of the MEANVo1 field to —999 only for the selected features.
* Disable editing and save the changes.
Now you can use a saved style for this layer:
* Go to the Style tab.
¢ Click on Load Style.

e Selectthe forest_stands_2012_results.qgml fromthe exercise_data\forestry\results\

folder.
¢ Click OK.
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perties - forest_stands_2012_results | Style 5

W Layer rendering

Layer transparency C 1] :
Layer blending mode Hard light +  Feature blending mode Mormal -
% Graduated hd

Column MEANp_vol h B

Symbol . Change... Classes | 7 :

Color ramp -[source] - Invert Mode | Matural Breaks (Jenks)

Symbal |\Elua ILabeI |
-999,0000 - 0.0000 Nodata
0.0000 - 15.0000 0-15

u Diagrams 15.0000 - 25.0000 15-25

25.0000 - 50,0000 25-50

50.0000 - 100.0000 50 - 100

100.0000 - 150.00... 100 - 150

150.0000 - 300.00... 150 - 300

@) vewdats

Classify Add dass Delete Delete al Advanced ~

Load Style ... Sawve As Default Restore Default Style Save Style M

Ok Cancel Apply Help

Your map will look something like this:
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' QGIS 2.2.0-Valmiera - lidar [E=8(E=R ===
Project Edit View Layer Settings Flugine \Vector Raster Database MMQGIS Processing  Help
DEBRRR {USpLpoNPLLL - - B-
Layers e | 1 £
q: 8.| hillshade
@,
%
&
%0
‘\j; -
55
—;’!3—
g
[=r=]
b
\P
|There is a plugin update available ||I|| 397138,6757216 |E|| 1:9,810 - ||8 Render ||I| Y.

14.9.2 & Try Yourself Try Different Blending Modes

The style you loaded:
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- forest_stands_2012_results | Style 5

W Layer rendering

,?: Layer Properties

Layer transparency C 1] :
Layer blending mode Hard light +  Feature blending mode Mormal -
* Graduated hd

Column MEANp_vol h B

Symbol . Change... Classes | 7 :

Color ramp -[source] - Invert Mode | Matural Breaks (Jenks)

Symbal |\Elua ILabeI |
-999,0000 - 0.0000 Nodata
0.0000 - 15.0000 0-15
15.0000 - 25.0000 15-25
25.0000 - 50,0000 25-50
50.0000 - 100.0000 50 - 100
100.0000 - 150.00... 100 - 150
150.0000 - 300.00... 150 - 300

@) vewdats

Classify Add dass Delete Delete al Advanced ~

Load Style ... Sawve As Default Restore Default Style Save Style M

Ok Cancel Apply Help

isusing the Hard 1ight mode for the Layer blending mode. Note that the different modes apply different filters
combining the underlying and overlying layers, in this case the hillshade raster and your forest stands are used.
You can read about these modes in the User Guide.

Try with different modes and see the differences in your map. Then choose the one you like better for your final
map.

14.9.3 0 Try Yourself Using a Composer Template to Create the Map result

Use a template prepared in advanced to present the results. The template forest_map.gpt is located in the
exercise_data\forestry\results\ folder. Load it using the Project — Composer Manager... dialog.
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3 Jﬁ Composer man  Create unigue print composer title
(tile generated if left empty)

I results I = ]

| oc | camcd

w Mew from template
' Specific B | Add
[arciE'.E_dam,.’Furest’y,.’resultsffurest_map.qpt] |

Open template directory [ user ] [ default l

s | [ owtate | [ nemove | [_renane | [ con

Open the map composer and edit the final map to get a result you are happy with.

The map template you are using will give a map similar to this one:
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RAUTJARVI FOREST
- INVENTORY RESULTS 2012 -

6786500

Stand Results

Stand Volume (m3/ha)

I no data
[Jo-15
[ 15-25
[ 25-50
I 50 - 100
B 100 - 150
Bl 150 - 300

6785500

= Results for the whole forest area -

Using Systematic Sample plots Using Stand Sample Plots Averages
Total area: 72.9 Total area: 72.9
Total volume (m3): 9856 Total volume (m3): 13479
Average volume (m3/ha): 135.2 Average volume (m3/ha): 184.9

Save your QGIS project for future references.
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14.9.4 In Conclusion

Through this module you have seen how a basic forest inventory can be planned and presented with QGIS. Many
more forest analysis are possible with the variety of tools that you can access, but hopefully this manual has given
you a good starting point to explore how you could achieve the specific results you need.

382 Chapter 14. Module: 0000000000



Chapter 15

Module: PostgreSQLU U OO OO OO
[ O

ooooooooooooobo cISo0ooooooooooogooooooooooooDoDoDODODODD
ORDBMSOOOOOOOOOOOO0O0O0ODOOO0O0O0O0OODDOOO0O0OO0O00D0DDODODOO PostgreSQL
oooooOoboooboobobooOoRDBMSOOOOOOOOODOOOO

15.1 Lesson: Introduction to Databases

Before using PostgreSQL, let’s make sure of our ground by covering general database theory. You will not need
to enter any of the example code; it’s only there for illustration purposes.

The goal for this lesson: To understand fundamental database concepts.

15.1.1 What is a Database?

A database consists of an organized collection of data for one or more uses, typically in digital form. - Wikipedia

A database management system (DBMS) consists of software that operates databases, providing storage, access,
security, backup and other facilities. - Wikipedia

15.1.2 Tables

In relational databases and flat file databases, a table is a set of data elements (values) that is organized using a
model of vertical columns (which are identified by their name) and horizontal rows. A table has a specified number
of columns, but can have any number of rows. Each row is identified by the values appearing in a particular column
subset which has been identified as a candidate key. - Wikipedia

id | name | age
e b
1 | Tim | 20
2 | Horst | 88

(2 rows)

In SQL databases a table is also known as a relation.

15.1.3 Columns / Fields

A column is a set of data values of a particular simple type, one for each row of the table. The columns provide the
structure according to which the rows are composed. The term field is often used interchangeably with column,
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although many consider it more correct to use field (or field value) to refer specifically to the single item that exists
at the intersection between one row and one column. - Wikipedia

A column:

15.1.4 Records

A record is the information stored in a table row. Each record will have a field for each of the columns in the table.

2 | Horst | 88 <—-- one record

15.1.5 Datatypes

Datatypes restrict the kind of information that can be stored in a column. - Tim and Horst
There are many kinds of datatypes. Let’s focus on the most common:

* String - to store free-form text data

* Integer - to store whole numbers

* Real - to store decimal numbers

* Date - to store Horst’s birthday so no one forgets

* Boolean - to store simple true/false values

You can tell the database to allow you to also store nothing in a field. If there is nothing in a field, then the field
content is referred to as a ‘null’ value:

insert into person (age) values (40);

select % from person;

Result:
id | name | age
e b
1 | Tim | 20
2 | Horst | 88
4 | | 40 <-— null for name
(3 rows)

There are many more datatypes you can use - check the PostgreSQL manual!

15.1.6 Modelling an Address Database

Let’s use a simple case study to see how a database is constructed. We want to create an address database.
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Try Yourself ?

Write down the properties which make up a simple address and which we would want to store in our database.

Check your results

Address Structure

The properties that describe an address are the columns. The type of information stored in each column is its
datatype. In the next section we will analyse our conceptual address table to see how we can make it better!

15.1.7 Database Theory

The process of creating a database involves creating a model of the real world; taking real world concepts and
representing them in the database as entities.

15.1.8 Normalisation
One of the main ideas in a database is to avoid data duplication / redundancy. The process of removing redundancy
from a database is called Normalisation.

Normalization is a systematic way of ensuring that a database structure is suitable for general-purpose querying
and free of certain undesirable characteristics - insertion, update, and deletion anomalies - that could lead to a loss
of data integrity. - Wikipedia

There are different kinds of normalisation ‘forms’.
Let’s take a look at a simple example:

Table "public.people"

Column | Type | Modifiers
__________ B
id | integer | not null default
| | nextval ('people_id_seq’ ::regclass)
\ |
name | character varying(50) |
address | character varying(200) | not null
phone_no | character varying |
Indexes:

"people_pkey" PRIMARY KEY, btree (id)

select x from people;

id | name | address | phone_no
e e o
1 | Tim Sutton | 3 Buirski Plein, Swellendam | 071 123 123
2 | Horst Duester | 4 Avenue du Roix, Geneva | 072 121 122
(2 rows)

Imagine you have many friends with the same street name or city. Every time this data is duplicated, it consumes
space. Worse still, if a city name changes, you have to do a lot of work to update your database.

15.1.9 Try Yourself -

Redesign the theoretical people table above to reduce duplication and to normalise the data structure.
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You can read more about database normalisation here

Check your results

15.1.10 Indexes

A database index is a data structure that improves the speed of data retrieval operations on a database table. -
Wikipedia

Imagine you are reading a textbook and looking for the explanation of a concept - and the textbook has no index!

You will have to start reading at one cover and work your way through the entire book until you find the information
you need. The index at the back of a book helps you to jump quickly to the page with the relevant information:

create index person_name_idx on people (name);

Now searches on name will be faster:

Table "public.people"

Column | Type | Modifiers
__________ B
id | integer | not null default
| | nextval ('people_id_seq’ ::regclass)
\ |
name | character varying(50) |
address | character varying(200) | not null
phone_no | character varying |
Indexes:

"people_pkey" PRIMARY KEY, btree (id)
"person_name_idx" btree (name)

15.1.11 Sequences

A sequence is a unique number generator. It is normally used to create a unique identifier for a column in a table.

In this example, id is a sequence - the number is incremented each time a record is added to the table:

id | name | address | phone_no
e B e s Fom
1 | Tim Sutton | 3 Buirski Plein, Swellendam | 071 123 123
2 | Horst Duster | 4 Avenue du Roix, Geneva | 072 121 122

15.1.12 Entity Relationship Diagramming

In a normalised database, you typically have many relations (tables). The entity-relationship diagram (ER Dia-
gram) is used to design the logical dependencies between the relations. Consider our non-normalised people table
from earlier in the lesson:

select * from people;

id | name | address | phone_no
—_—— e o
1 | Tim Sutton | 3 Buirski Plein, Swellendam | 071 123 123
2 | Horst Duster | 4 Avenue du Roix, Geneva | 072 121 122

(2 rows)

With a little work we can split it into two tables, removing the need to repeat the street name for individuals who
live in the same street:
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select » from streets;

id | name
____+ ______________
1 | Plein Street
(1 row)

and:

select x from people;
id | name | house_no | street_id | phone_no

1 | Horst Duster | 4 | 1 | 072 121 122
(1 row)

We can then link the two tables using the ‘keys’ streets.id and people.streets_id.

If we draw an ER Diagram for these two tables it would look something like this:

People > Streets

The ER Diagram helps us to express ‘one to many’ relationships. In this case the arrow symbol show that one
street can have many people living on it.

Try Yourself =
Our people model still has some normalisation issues - try to see if you can normalise it further and show your
thoughts by means of an ER Diagram.

Check your results

15.1.13 Constraints, Primary Keys and Foreign Keys

A database constraint is used to ensure that data in a relation matches the modeller’s view of how that data should
be stored. For example a constraint on your postal code could ensure that the number falls between 1000 and
9999.

A Primary key is one or more field values that make a record unique. Usually the primary key is called id and is a
sequence.

A Foreign key is used to refer to a unique record on another table (using that other table’s primary key).
In ER Diagramming, the linkage between tables is normally based on Foreign keys linking to Primary keys.

If we look at our people example, the table definition shows that the street column is a foreign key that references
the primary key on the streets table:

Table "public.people"

Column | Type | Modifiers
___________ T
id | integer | not null default
| | nextval ('people_id_seq’ ::regclass)
name | character wvarying(50) |
house_no | integer | not null
street_id | integer | not null
phone_no | character varying |
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Indexes:

"people_pkey" PRIMARY KEY, btree (id)

Foreign-key constraints:

"people_street_id_fkey" FOREIGN KEY (street_id) REFERENCES streets(id)

15.1.14 Transactions

When adding, changing, or deleting data in a database, it is always important that the database is left in a good
state if something goes wrong. Most databases provide a feature called transaction support. Transactions allow
you to create a rollback position that you can return to if your modifications to the database did not run as planned.

Take a scenario where you have an accounting system. You need to transfer funds from one account and add them
to another. The sequence of steps would go like this:

* remove R20 from Joe
* add R20 to Anne
If something goes wrong during the process (e.g. power failure), the transaction will be rolled back.

15.1.15 In Conclusion

Databases allow you to manage data in a structured way using simple code structures.

15.1.16 What’s Next?

Now that we’ve looked at how databases work in theory, let’s create a new database to implement the theory we’ve
covered.

15.2 Lesson: 00 OO0 oonQOd

boboooobooboboooooboobooooooobooboboooooobooooobOoboOoon
gboooboboooobooooo

gbooobooboo:-0bobobooboobooboboboobooboboboboobooboobobn

15.2.1 PostgreSQLO O OO OO0

U00: DO000000O00O0b0b0o0o0O00OMacO0ODOO Homebrew 0000 PostgreSQL [ O
ob0oobOooooboobooOodwindowsOOOOOOOOOODOOOOOOOOOOOOOOOODOAO

O 00O O: http://www.postgresql.org/download/windows/ OO O O0O0O0O0O0O Ubuntu O QGISO OO OO
ooooooooobooooooDo

Ubuntu O :

sudo apt-get install postgresgl-9.1

gboboabooooooboooboobgan:

[sudo] password for ggis:

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following extra packages will be installed:
postgresgl-client-9.1 postgresgl-client-common postgresgl-common
Suggested packages:
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oidentd ident-server postgresgl-doc-9.1

The following NEW packages will be installed:

postgresqgl-9.1 postgresgl-client-9.1 postgresgl-client-common postgresgl-common
0 upgraded, 4 newly installed, 0 to remove and 5 not upgraded.

Need to get 5,012kB of archives.

After this operation, 19.0MB of additional disk space will be used.

Do you want to continue [Y/n]?

YandEnter 0000000000000 O0DOOOO0ODOODOOOOOOODOO

15.2.2 00O 0O

PostgreSQLO OO DOOO00O OOOOO OODOOOOO0OO0OO0DOOO

1523 000O0O0O0DOOOOOO

Ubuntu O :

ubboobobooboobooboaboabbd postgresOOODOOOOOOOOOOOOOOOO
goooo:

sudo su - postgres

obooobOobooooobobooobooboooooboono suwdoOOOOOOODOOOODOOO)HO

OO0OOpostgresDO00O00 bashOOOO0O0DODOOO0O0O000D0DO0OOO00O0O000O000 wmixO0OOD
gbooobooobboobboobbobbobbobbopostgres OO0 OOD0OOODOOODOODDOODO
goo:

createuser -d -E -1 -1 -P -r -s ggis

gbboobobooboobooboabooobboboboobooboobooboobooboban
ooo

obooobooooooboooooboo?

-d, —-—-createdb role can create new databases

-E, ——encrypted encrypt stored password

-i, ——inherit role inherits privileges of roles it is a member of (default)
-1, —--login role can login (default)

-P, ——pwprompt assign a password to new role

-r, ——-createrole role can create new roles

-s, ——superuser role will be superuser

Now you should leave the postgres user’s bash shell environment by typing:

exit

15.24 00000000 0O0OO
psqgl -1

uboooboobooooog:

Name | Owner | Encoding | Collation | Ctype |
—————————— e et e ittt
postgres | postgres | UTF8 | en_ZA.utf8 | en_ZA.utf8 |
templateO | postgres | UTFS8 | en_ZA.utf8 | en_ZA.utf8 |
templatel | postgres | UTFS8 | en_ZA.utf8 | en_ZA.utf8 |

(3 rows)
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gUOOOOOOoOooOogo

1525 000OO0OOOOO

createdb 000000000 0D00O0O00DOD0OOOCDOODOOOObashOOOO0DOODOODODOODOO

o0:

createdb address -0 ggis
ooooboooboobooboboboboboboboboobooobooa:
psqgl -1

ooooooboboooog:

Name | Owner | Encoding | Collation | Ctype |

—————————— B e e e A
address | ggis | UTF8 | en_ZA.utf8 | en_ZA.utf8 |

postgres | postgres | UTF8 | en_ZA.utf8 | en_ZA.utf8 |

templateO | postgres | UTFS8 | en_ZA.utf8 | en_ZA.utf8 | =c/postgres:
templatel | postgres | UTFS8 | en_ZA.utf8 | en_ZA.utf8 | =c/postgres:
(4 rows)

gOOOoOOobOOooogo

1526 000000DO0ODOOOOODODOOO
goooobobobbooooobobbbboooooooboobo:
psgl address

psql OO OOOO0ODOOODOOOOO:

\gq

goooobobobododgd:

\?

sql 000000000000

\help

ooooboobooooobooooog @):

\help create table

See also the Psql cheat sheet - available online here.

15.2.7 SQLO 0O O000OOOOO

Access privileges

postgres=CTc/postgres
postgres=CTc/postgres

0000000000000 00D0D00!'0D00D000 ERODOOCOODODODOOODOaddress0D0OO0ODO

gooood:

psgl address

streets 00 0O0000O0O0O:

create table streets (id serial not null primary key, name varchar (50));
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seriall varchar 0000 OO0 serial J000000O0O00OO0O0O0O 1000000000
000 PostgreSQLO DO ODODOD (OODODODOO)ODOODOOODODO varchar (50) O PostgreSQL
O0do0so0ooo0ooboOobooooooooboono

obobOo ;00000b00b00b00b00000000000 SQLoboooooooooooooon
OD0Enter 000000 psqDOO0O0O00OOOODO:

NOTICE: CREATE TABLE will create implicit sequence "streets_id_seq" for
serial column "streets.id"

NOTICE: CREATE TABLE / PRIMARY KEY will create implicit index "streets_pkey"
for table "streets"

CREATE TABLE

streets.idUU0D0OUOOO0OODO streets_pkey OO 0ooooooooooaobooanod

O:,000000Enter000000 address—-#00000000000000C0O0OPGOHOOOO
gboboobooooobooooboobooog ;bo0000b00on

gboogboooboobooboobooobg:

\d streets

ubooobooboooobon:

Table "public.streets"

Column | Type Modifiers

not null default
nextval (’ streets_id_seq’ ::regclass)

integer

name
Indexes:
"streets_pkey" PRIMARY KEY, btree (id)

character varying (50)

gboboabooaoooboooboobgan:

select x from streets;

gooobooobooooogn:

ubooobobooooboooog

Try Yourself v

Ub0o00o0O0bO0o0o00obOg e people0OOO0OOOOOOOOO:

goboooooooboobooobooobooboooboboobooboobO IDO0OO0O0obOoOoDn
goooo

gbooobooobon

15.28 SQLO 0000 OODO

OO000000000D000000000D00 peopled streets 0000000000000 OO0O0OODO
gboooOoboooobobboOsweets U0 0000ODOOO0OOODOOOOOOODOOOOODOODOOO
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N\

People Streets

oooooob 2000000000

- J000DOO0OO0O0ODOODbOOOO

- J000DOOO0OOODOODOOOO
gboooboobooboobuoobooboobooo:

alter table people
add constraint people_streets_fk foreign key (street_id) references streets(id);

people 000O0ODO street_1id0 00000 streets 0000000000 idOOODOOOOOO
obooobooooboon

gboboobOooboooobobooooboobooooon:

create table people (id serial not null primary key,
name varchar (50),
house_no int not null,
street_id int references streets(id) not null,
phone_no varchar null);

\d people

gbobooboboooooboooobobooooobooog:

Table "public.people"

Column | Type | Modifiers
,,,,,,,,,,, oy
id | integer | not null default
| | nextval ('people_id_seq’ ::regclass)
name | character varying(50) |
house_no | integer | not null
street_id | integer | not null
| |

phone_no
Indexes:
"people_pkey" PRIMARY KEY, btree (id)
Foreign-key constraints:
"people_streets_fk" FOREIGN KEY (id) REFERENCES streets(id)

character varying

15.29 SQLOOOOOO0O0OOODOOO

000000000000000000000 people 00000 name00000000000O0OO:
create index people_name_idx on people (name);

\d people

good:

Table "public.people"

Column | Type | Modifiers
___________ e
id | integer | not null default nextval
| | ("people_id_seq’ ::regclass)
name | character varying(50) |
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house_no | integer | not null
street_id | integer | not null

phone_no | character varying |
Indexes:

"people_pkey" PRIMARY KEY, btree (id)
"people_name_idx" btree (name) <—— new index added!

Foreign-key constraints:
"people_streets_fk" FOREIGN KEY (id) REFERENCES streets (id)

15.2.10 SQLOODOOO0O0OOOO

gboooboobooboob drop0000onooonOg:

drop table streets;

ubd: dboboboboooooooooobooboooobooboooo oo obooboobooon

people 1O 0O0O0O0ODO drop table0O0OO0OO0O0OO0O0O0OO0OOO0OOOODOOOOO:

drop table people;

Ud0: 00000000000000 pecpled000O0OO0OOOonbOOoOOOODOOO0OOODOODO
ooooooooooon

O
O

15.2.11 pgAdmin 1 0 00O
00000000000000000000000000 psq¢ 0000000 SQLOOOOON0O0O

00000000 0ob0obobo0oboboodbpeAdminlI D00 0O0OOOOOO GUIDOO
OO000O000D0000 create,drop,alter U0 DO ODOOOOOODOMO

UbmwOOO00D0OOOO0O0DOOOOOOO:

sudo apt-get install pgadmin3

peAdmin IO 000000000000 0DOOOO

15.2.12 In Conclusion

gboooboobooboobobbooboobooboobonooo

15.2.13 What’s Next?

o0 DBMSOOOOOOOOOOOOOOOOOO0OOO0DOOO0

15.3 Lesson: Adding Data to the Model

The models we’ve created will now need to be populated with the data they’re intended to contain.

The goal for this lesson: To learn how to insert new data into the database models.

15.3. Lesson: Adding Data to the Model 393



QGIS Training Manual, 0 000 2.8

15.3.1 Insert statement

How do you add data to a table? The sql INSERT statement provides the functionality for this:

insert into streets (name) values (’High street’);

A couple of things to note:

 After the table name (streets), you list the column names that you will be populating (in this case only
the name column).

» After the values keyword, place the list of field values.
* Strings should be quoted using single quotes.

* Note that we did not insert a value for the id column; this is because it is a sequence and will be auto-
generated.

¢ If you do manually set the id, you may cause serious problems with the integrity of your database.
You should see INSERT 0 1 if itis successful.
You can see the result of your insert action by selecting all the data in the table:

select » from streets;

Result:

select » from streets;
id | name
e
1 | High street
(1 row)

Try Yourself ?

Use the INSERT command to add a new street to the st reet s table.

Check your results

15.3.2 Sequencing Data Addition According to Constraints

15.3.3 Try Yourself =

Try to add a person object to the people table with the following details:

Name: Joe Smith
House Number: 55
Street: Main Street
Phone: 072 882 33 21

OO O: Recall that in this example, we defined phone numbers as strings, not integers.

At this point, you should have an error report if you try to do this without first creating a record for Main Street in
the streets table.

You should have also noticed that:
* You can’t add the street using its name

* You can’t add a street using a street id before first creating the street record on the streets table
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Remember that our two tables are linked via a Primary/Foreign Key pair. This means that no valid person can be
created without there also being a valid corresponding street record.

Using the above knowledge, add the new person to the database.

Check your results

15.3.4 Select data

We have already shown you the syntax for selecting records. Let’s look at a few more examples:

select name from streets;
select » from streets;
select » from streets where name='Main Road’;

In later sessions we will go into more detail on how to select and filter data.

15.3.5 Update data

What if you want to make a change to some existing data? For example, a street name is changed:

update streets set name=’'New Main Road’ where name=’Main Road’;

Be very careful using such update statements - if more than one record matches your WHERE clause, they will all
be updated!

A better solution is to use the primary key of the table to reference the record to be changed:

update streets set name='New Main Road’ where id=2;

It should return UPDATE 1.

00 0O: the WHERE statement criteria are case sensitive Main Road is not the same as Main road

15.3.6 Delete Data

In order to delete an object from a table, use the DELETE command:

delete from people where name = ’'Joe Smith’;

Let’s look at our people table now:

address=# select x from people;

id | name | house_no | street_id | phone_no

15.3.7 Try Yourself V

Use the skills you have learned to add some new friends to your database:

name | house_no | street_id | phone_no
————————————————— R i ittt
Joe Bloggs | 3] 2 | 072 887 23 45
Jane Smith | 55 | 3 | 072 837 33 35
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| 072 832 31 38
| 072 932 31 32

Roger Jones | 33 |

1
Sally Norman | 83 | 1

15.3.8 In Conclusion

Now you know how to add new data to the existing models you created previously. Remember that if you want to
add new kinds of data, you may want to modify and/or create new models to contain that data.

15.3.9 What’s Next?

Now that you’ve added some data, you’ll learn how to use queries to access this data in various ways.

15.4 Lesson: [0 0

When you write a SELECT ... command it is commonly known as a query - you are interrogating the database
for information.

The goal of this lesson: To learn how to create queries that will return useful information.

OdO0: If you did not do so in the previous lesson, add the following people objects to your people table.
If you receive any errors related to foreign key constraints, you will need to add the ‘Main Road’ object to your

streets table first

insert into people (name,house_no, street_id, phone_no)
values (’Joe Bloggs’,3,2,’072 887 23 45');
insert into people (name,house_no, street_id, phone_no)
values (’Jane Smith’,55,3,’072 837 33 357);
insert into people (name,house_no, street_id, phone_no)
values (’Roger Jones’,33,1,7072 832 31 38’);
insert into people (name,house_no, street_id, phone_no)
values (’Sally Norman’,83,1,’072 932 31 32');

1541 000000

Let’s retrieve a list of people ordered by their house numbers:

select name, house_no from people order by house_no;

ao:
name | house_no
,,,,,,,,,,,,,, e
Joe Bloggs | 3
Roger Jones | 33
Jane Smith | 55
Sally Norman | 83

(4 rows)

You can sort the results by the values of more than one column:

select name, house_no from people order by name, house_no;

oo:
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name | house_no
,,,,,,,,,,,,,, e
Jane Smith | 55
Joe Bloggs | 3
Roger Jones | 33
Sally Norman | 83

(4 rows)

1542 0000000

Often you won’t want to see every single record in the database - especially if there are thousands of records and
you are only interested in seeing one or two.

Here is an example of a numerical filter which only returns objects whose house_no is less than 50:

select name, house_no from people where house_no < 50;

name | house_no
,,,,,,,,,,,,, b
Joe Bloggs | 3
Roger Jones | 33
(2 rows)

You can combine filters (defined using the WHERE clause) with sorting (defined using the ORDER BY clause):

select name, house_no from people where house_no < 50 order by house_no;

name | house_no
_____________ +__________
Joe Bloggs | 3
Roger Jones | 33
(2 rows)

You can also filter based on text data:

select name, house_no from people where name like ’%s%’;

name | house_no
_____________ b
Joe Bloggs | 3
Roger Jones | 33
(2 rows)

Here we used the LIKE clause to find all names with an s in them. You’ll notice that this query is case-sensitive,
sothe Sally Norman entry has not been returned.

If you want to search for a string of letters regardless of case, you can do a case in-sensitive search using the
ILIKE clause:

select name, house_no from people where name ilike ’%r%’;

name | house_no
,,,,,,,,,,,,,, I,

Roger Jones | 33

Sally Norman | 83

(2 rows)

That query returned every people object with an r or R in their name.
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1543 OO

What if you want to see the person’s details and their street’s name instead of the ID? In order to do that, you need
to join the two tables together in a single query. Lets look at an example:

select people.name, house_no, streets.name
from people, streets
where people.street_id=streets.id;

OO0 O: With joins, you will always state the two tables the information is coming from, in this case people and
streets. You also need to specify which two keys must match (foreign key & primary key). If you don’t specify

that, you will get a list of all possible combinations of people and streets, but no way to know who actually lives
on which street!

Here is what the correct output will look like:

name | house_no | name
,,,,,,,,,,,,,, o
Joe Bloggs | 3 | Low Street
Roger Jones | 33 | High street
Sally Norman | 83 | High street
Jane Smith | 55 | Main Road

(4 rows)

We will revisit joins as we create more complex queries later. Just remember they provide a simple way to combine
the information from two or more tables.

15.4.4 Sub-Select

Sub-selections allow you to select objects from one table based on the data from another table which is linked via
a foreign key relationship. In our case, we want to find people who live on a specific street.

First, let’s do a little tweaking of our data:

insert into streets (name) values (’'QGIS Road’);
insert into streets (name) values (’OGR Corner’);
insert into streets (name) values (’Goodle Square’);
update people set street_id = 2 where id=2;

update people set street_id = 3 where id=3;

Let’s take a quick look at our data after those changes: we can reuse our query from the previous section:

select people.name, house_no, streets.name
from people, streets
where people.street_id=streets.id;

ao:
name | house_no | name

______________ o
Roger Jones | 33 | High street
Sally Norman | 83 | High street
Jane Smith | 55 | Main Road
Joe Bloggs | 3 | Low Street
(4 rows)

Now let’s show you a sub-selection on this data. We want to show only people who live in st reet_1id number
1

select people.name
from people, (
select =
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from streets
where id=1
) as streets_subset
where people.street_id = streets_subset.id;

oo:

Roger Jones
Sally Norman
(2 rows)

Although this is a very simple example and unnecessary with our small data-sets, it illustrates how useful and
important sub-selections can be when querying large and complex data-sets.

1545 000000

One of the powerful features of a database is its ability to summarise the data in its tables. These summaries are
called aggregate queries. Here is a typical example which tells us how many people objects are in our people
table:

select count (*) from people;

If we want the counts to be summarised by street name we can do this:

select count (name), street_id
from people
group by street_id;

oo
count | street_id
_______ e
2 | 1
1] 3
1 | 2
(3 rows)

00O 0O : Because we have not used an ORDER BY clause, the order of your results may not match what is shown
here.

Try Yourself v

Summarise the people by street name and show the actual street names instead of the street_ids.
Check your results

15.4.6 In Conclusion

You’ve seen how to use queries to return the data in your database in a way that allows you to extract useful
information from it.
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15.4.7 What’s Next?

Next you’ll see how to create views from the queries that you’ve written.

15.5 Lesson: 0 0 O

gboboobooobooobooobooobooboobooobooooobooooooooooOo SsQLooon
obooooOobobO’ooboooorocobobono

gbooobobobo-00b000000b0000000

15,51 000000

gbooobooboobbooboobooboobooboobboboboobooboobboboobbon
ooooooboboooog:

create view roads_count_v as
select count (people.name), streets.name
from people, streets where people.street_id=streets.id
group by people.street_id, streets.name;

0000 create view roads_count_v asO00000000O000O0O00OOO0OOOOOOCOOO
ooooooooo:

select * from roads_count_v;

ao:
count | name
_______ o
1 | Main Road
2 | High street
1 | Low Street
(3 rows)

155.2 000000

obooobooooboooroooo’roboboooboooooobo0ooboooOo0oboooboOobo0oooOoDn
gbooooooooooboooood:

CREATE OR REPLACE VIEW roads_count_v AS
SELECT count (people.name), streets.name
FROM people, streets WHERE people.street_id=streets.id
GROUP BY people.street_id, streets.name
ORDER BY streets.name;

gobooooboboosSQuuobooboboobouobooooboboooboobooon)
ORDER BYU DO UOUOOODODOOODOOODOOODODODOOOODOO:

select » from roads_count_v;

2 | High street

1 | Low Street

1 | Main Road
(3 rows)
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1553 000000

obooooOobooooobobooooooboon:

drop view roads_count_v;

15.5.4 In Conclusion

obobocobOoboooobooboooooboboooooboboooooboooooooo

15.5.5 What’s Next?

ubobobooooobobooooboobobooobooobooboboobooboboobOoboOoboooboon
gooooobooooboobooogg

15.6 Lesson: 0 0O

o000 “querytree” 0 O00O0OD0OO0O0OOO0OOOCO.0000000000O0,000000D00000O
oo0oo000oo. Wikipedia O O

obooooOobobo:-0000000000000000O0O00O0O00DAO0.

15.6.1 Materialised D00 (COOODOOOOODO)

people 0O OODOOO phonenoO0OO0OOODO people_logO OO OOOOOOOOOOOOOOO.DOO
gooooooooOoOoDODODODOO

create table people_log (name text, time timestamp default NOW());

Uo00o00DoOOd,people0 00000 phone_no0 OO OODODO people_log0O0O0OOOOODOOODOO
ooooooog

create rule people_log as on update to people
where NEW.phone_no <> OLD.phone_no
do insert into people_log values (OLD.name);

gbooobooboobgooobooboobo,booboobobbooboo

update people set phone_no = 082 555 1234’ where id = 2;

people 000000000 OOOOODOOODOOODOOODO

select * from people where id=2;

id | name | house_no | street_id | phone_no
—_—— o o o

2 | Joe Bloggs | 3] 2 | 082 555 1234
(1 row)

U0,00000000000,people_logO0O000O000O0O0O00ODOO

select * from people_log;

Joe Bloggs | 2014-01-11 14:15:11.953141
(1 row)
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gbo0: time 00000000, 00000000000000.

15.6.2 In Conclusion

gboabooabo,booboobooboboboaobooboaoboo,boobooboobooban
gbooooooooooboooooo.

15.6.3 What’s Next?

oooooooo,0000000obOoobooooog,GISooogoogn pestGISOOOOO, 0D
oooooooooooo.
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Module: 1 DO OOOOOOOO
PostGIS

obooooobooobooobooooooboooobooooboooooobooOoobobobboooooo
oooooo0ooooboo0oooboboooooobo0o0oobobobo00o0oOoOoooOO PostgreSQL
ooooog PpostGISODOOOODOODODOOOOODOODOOOOOODOOOOOODODODOO
OO0oOoO0O0booobogDbDPpestGISOODOOOOODOOOOODOOOOOOOO

000000000 0O0O0000000000 Boston GIS user group 0O 00O OO PostGIS cheat sheet
O0000oooooooooDoobo0oDbDoO0ObO0000ooo 0oooon0 pestGISOOODOODOOD

BoundlessGeo O O PostGISO OO 0D OD0OO0O0O0OO0OO0ODODOODODOOOODDOOODDOOOODOOOOO
o0:

¢ Introduction to PostGIS
* Spatial Database Tips and Tricks
PostGISonline O OO OO0OODO.

16.1 Lesson: PostGIS [ [0 [

PostGISO OO DOODOOOOODO,PostgreSQLODOODOODODOOOOODODOOODOO.
obooobOobooo:-000000000000,00000000000000.

O00: O0O00O PostGISOOODOO 21 000000000000.00000000000DOO00O0O0O
Jooooobbooooooobooo, Db bbb oo ooboobogoo
Joooooobooooo, bbb boboo0ooOoooon

16.1.1 UbuntuO OO0 Q00 Q00O

PostGISO apt U0 OO0 O0OOODOOODOOO.

$ sudo apt-get install postgis

$ sudo apt-get install postgresqgl-9.l-postgis

ooooooo..

O00: DD0DOO0O0D0 UbnmtuOOD0DO0OD0DO0OO0OO0O0OOODODOOOOODOO0O,PostGIS1.50000
2x0000000000DO0.psqlO0O00ODO0ODO select PostGIS_full_version(); D00O0OO0OO

gboboobOoboooooboooobobooooboobooog.
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PostGISOD OO OOOOOOOODOOO,0D0000000000O0DO0.

sudo apt—-add-repository ppa:sharpie/for-science
sudo apt-add-repository ppa:sharpie/postgis-nightly
sudo apt—-get update

sudo apt-get install postgresqgl-9.l-postgis—-nightly

Uy Ay

16.1.2 Windows O DO OO0 O OO

Windows 0 D0 0000000000000 00000000000000.PostGISOOOOOO0OOO
0000000,000000000000000000000000.

0000000000000 000000.

00000000 00000000,

Windows 00000000000 0000000 PostGISOODOOOO0 000000000,

1613 U0 0000000 DOOOOOOoODoOOO

The PostGIS website download has information about installing on other platforms including MacOSX and on
other linux distributions

16.1.4 PostGISO O 000 O0ODOOODOOOOOOO

Once PostGIS is installed, you will need to configure your database to use the extensions. If you have installed
PostGIS version > 2.0, this is as simple as issuing the following command with psql using the address database
from our previous exercise.

$ psgl -d address -c "CREATE EXTENSION postgis;"

OO0O: If you are using PostGIS 1.5 and a version of PostgreSQL lower than 9.1, you will need to follow
a different set of steps in order to install the postgis extensions for your database. Please consult the PostGIS

Documentation for instructions on how to do this. There are also some instructions in the previous version of this
manual.

16.1.5 000000000 PostGISO OO OO

PostGIS can be thought of as a collection of in-database functions that extend the core capabilities of PostgreSQL
so that it can deal with spatial data. By ‘deal with’, we mean store, retrieve, query and manipulate. In order to do
this, a number of functions are installed into the database.

Our PostgreSQL address database is now geospatially enabled, thanks to PostGIS. We are going to delve a lot
deeper into this in the coming sections, but let’s give you a quick little taster. Let’s say we want to create a point
from text. First we use the psql command to find functions relating to point. If you are not already connected to
the address database, do so now. Then run:

\df *point=

This is the command we’re looking for: st_pointfromtext. To page through the list, use the down arrow,
then press g to quit back to the psql shell.

oboooooooobooboooog:

select st_pointfromtext (POINT(1 1)');

o0:
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st_pointfromtext

0101000000000000000000F03F000000000000F0O3F
(1 row)

goooogo:
* POINT(1 1),0000000000000 1L,1(EPSG4326000)00000O0O0OO
- SQLOOO0O0ODOO0O0CO0OOO0DbOOO0OOObOOoOOoOooSQLoooboooooobooooooooan,
- J000DOO0OOOODOOOODOOOn

The resulting row is in the OGC format called ‘Well Known Binary’ (WKB). We will look at this format in detail
in the next section.

To get the results back as text, we can do a quick scan through the function list for something that returns text:

\df xtext

The query we’re looking for now is st_astext. Let’s combine it with the previous query:

select st_astext (st_pointfromtext ("POINT(1 1)'));

o0:

st_astext

POINT (1 1)
(1 row)

Here, we entered the string POINT (1, 1), turned it into a point using st_pointfromtext (), and turned it
back into a human-readable form with st_astext (), which gave us back our original string.

ooO bPoestGISOOOOOOODOOOOOOODO

select st_astext (st_buffer (st_pointfromtext ("POINT(1 1)"),1.0));

What did that do? It created a buffer of 1 degree around our point, and returned the result as text.

16.1.6 OO0 OO0

In addition to the PostGIS functions, the extension contains a collection of spatial reference system (SRS) defi-
nitions as defined by the European Petroleum Survey Group (EPSG). These are used during operations such as
coordinate reference system (CRS) conversions.

We can inspect these SRS definitions in our database as they are stored in normal database tables.
First, let’s look at the schema of the table by entering the following command in the psql prompt:

\d spatial_ref_sys

gbooobooobooboooboong:

Table "public.spatial_ref_ sys"

Column | Type | Modifiers
___________ +_________________________+___________
srid | integer | not null
auth_name | character varying(256) |
auth_srid | integer |
srtext | character varying(2048) |
projd4text | character varying(2048) |
Indexes:

"spatial_ref_ sys_pkey" PRIMARY KEY, btree (srid)
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You can use standard SQL queries (as we have learned from our introductory sections), to view and manipulate
this table - though its not a good idea to update or delete any records unless you know what you are doing.

One SRID you may be interested in is EPSG:4326 - the geographic / lat lon reference system using the WGS 84
ellipsoid. Let’s take a look at it:

select x from spatial_ref_sys where srid=4326;

o0d:

srid | 4326
auth_name | EPSG
auth_srid | 4326

srtext | GEOGCS["WGS 84",DATUM["WGS_1984", SPHEROID["WGS
84",6378137,298.257223563, AUTHORITY ["EPSG","7030"]], TOWGS84 [0,
0,0,0,0,0,0],AUTHORITY["EPSG","6326"]],PRIMEM["Greenwich", 0,

AUTHORITY ["EPSG", "8901"]]1,UNIT["degree",0.01745329251994328,
AUTHORITY["EPSG","9122"]],AUTHORITY["EPSG","4326"]]
projdtext | +proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs

The srtext is the projection definition in well known text (you may recognise this from .prj files in your shapefile
collection).

16.1.7 In Conclusion

You now have PostGIS functions installed in your copy of PostgreSQL. With this you’ll be able to make use of
PostGIS’ extensive spatial functions.

16.1.8 What’s Next?

oboooOobooooobobooooobooooobooboooobobooog

16.2 Lesson: J 0 OO0 OdQOQOd

goboooooboboooboooooboooboooobooooboooboo?0000obo0oOoboocCcoOononn
gbooobOobooooobooooboooon

oooooooob:-SFSoOo0oooogooooooooooooboooooog

16.2.1 OGC O [

The Open Geospatial Consortium (OGC), an international voluntary consensus standards organization, originated
in 1994. In the OGC, more than 370+ commercial, governmental, nonprofit and research organizations worldwide
collaborate in an open consensus process encouraging development and implementation of standards for geospatial
content and services, GIS data processing and data sharing. - Wikipedia

16.2.2 SFSOOOOO

The Simple Feature for SQL (SES) D0 000000000 DOO0ODO0OO0OOO0OO0O0OO ODOOOODOO O
oboooOooooooboboooboobooooobooooboboooo
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Geometry | Q..* SpatialReferenceSystem
A
— I I |
Point Curve Surface | GeometryCollection
2 » L]
1 -" \\\\ % % Z“X
in .
LineString Polygon )
i SRS — MultiSurface MultiCurve T

g T
r T

MultiPolygon MultiLineString

'

gbooooOoboooobobooobooobooooobo(@ubooooooboOo)boboboboooboobn
oooo

OO00000D00 OGC Simple Feature for SQLO OO ODOOOODDO

Line LinearRing

1623 00000000000 ODOOOODOOO

people 00O OO00O0ODOO0O0O0ODOODOOOOODOOOO:

alter table people add column the_geom geometry;

16.24 DO 0O00OOOO0OO0OO0ODODOOCOOOO

oboocooOobooooooobooobOoooooboobooooobOOoboooooobobo0ooooDbon
ooooooboboooog:

alter table people
add constraint people_geom_point_chk
check (st_geometrytype (the_geom) = ’ST_Point’::text OR the_geom IS NULL);

goooboobooooobob0O ulO000OO00O0O0DO0OO0OOODOOOOODO0O0O

16.2.5 Try Yourself &

ctiesDODO0OO0OO0O0O0O0OODOOOOOOOOOOOOOOOOOODOODOODOOO @OoOOH)DOD
bobooboobooboobooobooboobooooboboooboobooooboOoboooobo

ubooboaood

16.2.6 geometry columns 0000000

JO00d0dO0 geometry_columns U0 O0O00000O0O0O0ODOODODOOOOOODOO:

insert into geometry_columns values
("","public’,’people’,’the_geom’,2,4326, " POINT’);
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OO0000O0?geometry_columns 000000000000 00DO0OO0O00ODOOOODDOOOOD
gboogooboooboobooboobooboobodg

O00:. D00 INSerTOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOn:
select x from geometry_columns;
If the column :kbd:‘f_table_name' contains the value :kbd: ‘people‘', then

this table has already been registered and you don’t need to do anything
more.

20000000000000D0DO0ODO0O0O0200:x0.

4326 0000000000DO0O0O0O0O0OO0O0O0ODOOOWGS840 43200 000000000 (EPSGO
ooooooboooooooboo)o

Try Yourself ‘

OO0 citiesOOOOODOOO0O0ODOODOOO geometry_columns DO 00O OO0O
oooopoooog

16.2.7 SQLO D000 O0OD0OOOOOO0OO0DOODOOOOOOO

gbboobobooboobobooobooboobooboboooobon:

insert into people (name,house_no, street_id, phone_no, the_geom)
values ('Fault Towers’,
34,
3’
"072 812 31 28',
"SRID=4326;POINT (33 -33)');

oob0: 00D00o000oboo0oooooog
gbobooboobooooboobooboooog
goo s

gooboobooooboobood
gbooan

gbobooooboobooooboooooobobooooobobooboobooboobooobooDboOoobn
gboboooboboooobooboboooooboobobooobooooboboooooOoobOoboOoobo
goooooboooobooboooog

OO0 SRID)ODOOOOO0OOOO0OO0O000O000000A0
gboooboobobooooobobooboobobooog
oo

RIDOOOOOOOODOODOODOOOOOODOOO0OO

OO0 QGISODOOO pecple000D0DO0OODOODOOODOOOOOODOOODODOODO/MOO/MOD
uboboobobooobooboooobooboooobooooobooboon

QGISO PostGISO O OO OODOODODOOUOOD —PestGISOOOOO0D0 ODO0O0DOOODOOODOOODOO
obooooobooooooon:

[#]
goooboooooogon:
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-
-

)

[ Connect ][ New ][ Edit ][ Delete ]

| Load || Save |

' Schema v | Table | Column

| Data Type

'Spatial Type  SRID

Also list tables with no geometry
Search options

(BHelpl | Add | | SefFilter |

b obooooobooboooooboboooboobon:

16.2. Lesson: OO0 OO0 OO
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Create a New PostCIS connection

5432

Database |

S5L mode [ disable

Username |

Password |

| | Save Username

C) Save Password Test Connect

[ | Only look in the layer registries

[ | Don't resolve type of unrestricted columns (GEOMETRY)
[ | Only look in the 'public’ schema

[ | Also list tables with no geometry

| | Use estimated table metadata

gooooOobooooobon:

Name: myPG
Service:

Host: localhost

Port: 5432
Database:
User:
Password:

address

SRID

QGISO address 000000000000 ODODOODDOOOOOOOOOOODOODOOOOOOO
uoboboobooooboooboboooooooboob boobboob b booboob boobo
gbboooobooooooboobboobokobOobooooobooooboooooaoa

410
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PostGISOODOOOO ODOODOOO0OOO OO OOOOOOOOOO0OOOOOOOOOOOOOOO0bO0OO0
oooo

Try Yourself v

0000000000000 (the geomO)O00D0O0OO0O00O0OOO0O0O0DOOOOODOOOODOODOOOO
oooooooon

16.2.8 In Conclusion

gboooooboooooboobooboboociISooooooboooobooooobooboo

16.2.9 What’s Next?

gbobooooboooooobobooooobobooooobobooboobooboboooboOoboOobn
gooobooon

16.3 Lesson: J J 000000 ooOoOo™d

gbooo,oooobooooboooobo,cgbooooboooob0oooooboOo.oo0,0b0
ooooooboooogooobo,pestGISUDOODODODODOOOODODOODOOO.

16.3.1 shp2pgsql
shp2pgsql 0, ESRID O 0000000000000 00O00O0OO00DO00O00DO00D00D0O00OO0ooOg.
Unix 00,000 PostGISUODODODO00O0O0O0O0O0ONOOD,0000000000000000:

shp2pgsgl -s <SRID> -c -D -I <path to shapefile> <schema>.<table> | \
psgl —-d <databasename> -h <hostname> -U <username>

Windows OO ,2000000000000000000O

shp2pgsgl -s <SRID> -c -D -I <path to shapefile> <schema>.<table> > import.sqgl
psgl psgl -d <databasename> -h <hostname> -U <username> —-f import.sqgl

gboboobooooboboobooboooon

ERROR: operator class "gist_geometry_ops" does not exist for access method
" 3 "
gilst

goo,00000b00000000D00000D000D0 msieDO0O0O0000ODO0O0ODOOOOOD.O0D0OO0
oobOooboooo,-10oo0obboobobooo.coobooboo0ooboo0ooobooobboOobooOooon
gb.0oboooobooooboooobooobooboooooobooobOoboooboooboonbD @mobo
gboooboooo,obocoooboooon.y.

16.3.2 pgsql2shp

pgsql2shp O, PostGIS O OO OO, 000,000 SQLO select 00D ODOOO0OOODOOO0OOODOOOOO
obooooOooo.UnixOOOOOOOOODOOO

pgsgl2shp -f <path to new shapefile> —-g <geometry column name> \
—-h <hostname> -U <username> <databasename> <table | view>
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bobooboobooooboooobooboooo

pgsgl2shp —-f <path to new shapefile> -g <geometry column name> \
-h <hostname> -U <username> "<query>"

16.3.3 ogr2ogr

ogr2ogr O, PostGIS OO0 OOO0ODOOO0OODOOOOOOODOOOOOOO. ogr2ogr 0, GDAL/OGR O
oboooooboooo,0b00b00b0o0o0oo0oob0oboobo.00boOo0 PoestGISOO GMLODOO
gboboobobo,0coboobooboobooooboobn

ogr2ogr —-f GML export.gml PG:’dbname=<databasename> user=<username>
host=<hostname>’ <Name of PostGIS-Table>

16.3.4 SPIT

SPITO QGISOOOO0OOOOOO QGISHODOODOO.PostGISO ESRIDOOOOOOOOOOOODO
goooooSsSeitoboooooooooon.

Plugin Manager 0 000 SPITOODOOOO00ODOOO,000000000O0 -

1)

‘-—'

O000000O0O0O0OD0O0ODO,000000 Database —> Spit —> Import Shapefiles to PostgreSQL 0 0 0O O
oooo,sPITOO0O0OCOO0OOOOOn.

0006 SPIT - Shapefile to PostGIS Import Tool
PostgreSQL connections

ak

Connect l New | Edit Remove

Import options and shapefile list

Geometry column name  the_geom (¥ Use default geometry column name
SRID -1 *| ™ Use default SRID
Primary key column name |gid I
Global schema [ B ]
File Name | Feature Class  Features DB Relation Name Schema
[ Add ] I Remove J [ Remove Al J
[ Help | | Cancel | [ OK |
| J L J )
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Add00D00000000DOOOO0O00oOooDOOOO0O000,00000DooDOOObO0OOOgo
ooooooboooog.

16.3.5 DB Manager
Database 1000 00 DBManager 000 000000000000000000000.O000 PostGIS
0000000000000000000000000000000 QGIS20000000000.00

boboobobobobobooooooooooboboboboboboboobobooono.ooo
goooo,bo0o0o0obooboooobooooboboboobo,boob0oboboobooboo.

16.3.6 In Conclusion

gbooooOoboooboobooooobooooboooooOo,0oboobooooobooboooD.obo
gbobooboooboooooboooo,ooo0ob@obooboooobobo)boooon.

16.3.7 What’s Next?

go,0booboobooboobgooboooboobooooboooboo.

16.4 Lesson: J OO0

ooooooDoOoOOO0bOO00000000000ooooOobOoO0ODbO0O00000000000OPostGIS
goooboboooobobobooobooboooooboboooobooboon

gbooooOobooooooboboooooboobooooobooboooboobooboboooboOoDbobn
goooogo

16.41 0 00OO0OOOOCOO

oo Xy)oo200o0gooooboooobooooboobooogooo

select =
from people

where st_distance (the_geom,’ SRID=4326;POINT (33 -34)’) < 2;
od:
id | name | house_no | street_id | phone_no | the_geom
—_—— o o o o ————
6 | Fault Towers | 34 | 3 ] 072 812 31 28 | 01010008040C0
(1 row)

O00: O0_geomvalue DO O000O00000O0OO0O0DOOOODOOODOhuman-readable coordinates [
OO0O0000O000iewapointas WKT’ODOOOODODOOOODOOOODOOOOOOOOOO

obooooobo200b0000000b0000000b00000O00bO00O00oO0obO0O00O0DO0ObO
gboboOo200000000000000000000O00D0O00OO

goooboooogon
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1642 0 O0O0O0O0OOO0OO

gobooobooooobooboboooobooobobooobobooobooooooboooooOooobooOonoon
obooooOobooooboobooooobooobooon

CREATE INDEX people_geo_idx
ON people
USING gist
(the_geom) ;

phone_no character varying
the_geom

Indexes:
"people_pkey" PRIMARY KEY, btree (id)

"people_geo_idx" gist (the_geom) <-- new spatial key added

\d people
ao:
Table "public.people"
Column | Type | Modifiers
,,,,,,,,,,, T
id | integer | not null default
| | nextval (’people_id_seq’ ::regclass)
name | character varying(50) |
house_no | integer | not null
street_id | integer | not null
| |
| |

geometry

"people_name_idx" btree (name)
Check constraints:
"people_geom_point_chk" CHECK (st_geometrytype (the_geom) = ’ST_Point’::text
OR the_geom IS NULL)
Foreign-key constraints:
"people_street_id_fkey" FOREIGN KEY (street_id) REFERENCES streets (id)

16.4.3 Try Yourself =

Modify the cities table so its geometry column is spatially indexed.

googo

16.4.4 PostGIS T OO OO0
PostGISOOO00O00O0O0000O00O0000OO0000000000000000000000000
ooo

000000000000000 (000 psq00000000)000000:

createdb postgis_demo

Remember to install the postgis extensions:
psgl -d postgis_demo —-c "CREATE EXTENSION postgis;"
Next, import the data provided in the exercise_data/postgis/ directory. Refer back to the previous lesson

for instructions, but remember that you’ll need to create a new PostGIS connection to the new database. You can
import from the terminal or via SPIT. Import the files into the following database tables:

* points.shpinto building
¢ lines.shpinto road

e polygons.shp into region
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Load these three database layers into QGIS via the Add PostGIS Layers dialog, as usual. When you open their
attribute tables, you’ll note that they have both an id field and a gid field created by the PostGIS import.

Now that the tables are imported, we can use PostGIS to query the data. Go back to your terminal (command line)
and enter the psql prompt by running:

psql postgis_demo

We’ll demo some of these select statements by creating views from them, so that you can open them in QGIS and
see the results.

googoood

Get all the buildings in the KwaZulu region:

SELECT a.id, a.name, st_astext (a.the_geom) as point
FROM building a, region b
WHERE st_within(a.the_geom, b.the_geom)
AND b.name = ’"KwazZulu’;

oo
id | name | point
e o
30 | York | POINT(1622345.23785063 6940490.65844485)
33 | York | POINT(1622495.65620524 6940403.87862489)
35 | York | POINT(1622403.09106394 6940212.96302097)
36 | York | POINT(1622287.38463732 6940357.59605424)
40 | York | POINT(1621888.19746548 6940508.01440885)
(5 rows)

Or, if we create a view from it:

CREATE VIEW vw_select_location AS
SELECT a.gid, a.name, a.the_geom
FROM building a, region b
WHERE st_within(a.the_geom, b.the_geom)
AND b.name = ’'Kwazulu’;

Add the view as a layer and view it in QGIS:
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Coodnate: | foeeeeacesarér | Scele 133568585 -3/ ¥ Render EPSG325 )

goooo
oboooOobooooboboooboobooooobooboooon

SELECT b.name
FROM region a, region b
WHERE st_touches (a.the_geom, b.the_geom)

AND a.name = ’Hokkaido’;

Missouri
Saskatchewan
Wales

(3 rows)

oooooo:

CREATE VIEW vw_regions_adjoining_hokkaido AS
SELECT b.gid, b.name, b.the_geom

FROM region a, region b
WHERE TOUCHES (a.the_geom, b.the_geom)
AND a.name = ’Hokkaido’;

QGISOO:
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o

QGIS 2.0.1-Dufour

I B %

3% = F% s s

J 8D

BE®LLSRD0 QSR 0 6 B se S =050
o

g 5 L8 % (% 0 O o in

v © ( vw_regions_adjoining_hokkaido
v & " vw_select location

e
v & - bulding

5]

v & road

S HDHBINANRS

=Tl Growser

1619011.83,6936223.12 : 1626836.32,6041240.73

8] Coordinate:

1625604,6037291 Scale (133565585 |- (3] (4 Render EPSG:4326 (@3] []

Note the missing region (Queensland). This may be due to a topology error. Artifacts such as this can alert us to
potential problems in the data. To solve this enigma without getting caught up in the anomalies the data may have,

we could use a buffer intersect instead:

CREATE VIEW vw_hokkaido_buffer AS
SELECT gid, ST_BUFFER (the_geom,

FROM region
WHERE name =

100)
"Hokkaido’;

oooooobD ioomOO00OO0DOoO0O0OOoDOoo
oooooooooogon:

as the_geom

16.4. Lesson: 0 OO0
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v & building

v & vw select location
)

v @ % vw_hokkaido_buffer

v @ o region

Va
L
.ﬂ
4l e sdon o
»
@

v &V road

=Tl Growser

1619011.83,6936223.12 : 1626836.32,6941240.73

Select using the buffer:

666 QGIS 2.0.1-Dufour
DEBBLRNS L, BP0 QAR & & e AE &0 o b 8w
0.0 BB e e s B S T B

SRV ARRBE SR ® £ OB U UL KN R

00 Layors.

CREATE VIEW vw_hokkaido_buffer_select AS

SELECT b.gid, b.name,
FROM
(

b.the_geom

SELECT * FROM
vw_hokkaido_buffer
) al
region b
WHERE ST_INTERSECTS (a.the_geom,

AND Db.name

!= "Hokkaido’;

b.the_geom)

8] Coordinate: 1623006,6939899 Scale 133665585 |) 5] (@ Render EPSG:4326 () (4] |

In this query, the original buffer view is used as any other table would be. It is given the alias a, and its geometry
field, a.the_geom, is used to select any polygon in the region table (alias b) that intersects it. However,
Hokkaido itself is excluded from this select statement, because we don’t want it; we only want the regions adjoin-
ing it.

QGISOO:
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o | @ @

v @ vw select location
°
v @ (5 vw_hokkaido_bufer
v @ (° vw_hokkaido_buffer_select
v @ w_regions_adjoining_hokkaido
v @ O region

v &V road

L SPRHDAFXNSN

=Tl Growser

1619011.83,6936223.12 : 1626836.32,6941240.73

It is also possible to select all objects within a given distance, without the extra step of creating a buffer:

CREATE VIEW vw_hokkaido_distance_select AS
SELECT b.gid, b.name, b.the_geom
FROM region a, region b
WHERE ST_DISTANCE (a.the_geom, b.the_geom) < 100
AND a.name = ’Hokkaido’
AND b.name != ’"Hokkaido’;

This achieves the same result, without need for the interim buffer step:

Coordinate: 1620169,6940257 Scale [1:33565585 |+ %] (¥ Render EPSG:4326

% |v @ 5 vw_hokkaido_distance_select
v & (% vw_hokkaido_buffer_select

v & vw_regions_adjoining hokiaido
v & o rogion

v & road

=Tl Growser

1610011.83,6936223.12 : 1626836.32,6941240.73 Coordinate: 1610484,6940048 Scale [1:33565585 |+ %] (¥ Render EPSG:4326

16.4. Lesson: 0 OO0
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Select unique values

oboooOoooooobobooobooobooooobooooboboooo

SELECT DISTINCT a.name
FROM building a, region b
WHERE st_within(a.the_geom, b.the_geom)
AND b.name = ’'Queensland’;

Beijing
Berlin
Atlanta
(3 rows)

goooog

CREATE VIEW vw_shortestline AS
SELECT b.gid AS gid, ST_ASTEXT (ST_SHORTESTLINE (a.the_geom, b.the_geom)) as
text, ST_SHORTESTLINE (a.the_geom, b.the_geom) AS the_geom
FROM road a, building b
WHERE a.id=5 AND b.id=22;

CREATE VIEW vw_longestline AS
SELECT b.gid AS gid, ST_ASTEXT (ST_LONGESTLINE (a.the_geom, b.the_geom)) as
text, ST_LONGESTLINE (a.the_geom, b.the_geom) AS the_geom
FROM road a, building b
WHERE a.id=5 AND b.id=22;

CREATE VIEW vw_road_centroid AS
SELECT a.gid as gid, ST_CENTROID (a.the_geom) as the_geom
FROM road a
WHERE a.id = 1;

CREATE VIEW vw_region_centroid AS
SELECT a.gid as gid, ST_CENTROID (a.the_geom) as the_geom
FROM region a
WHERE a.name = ’Saskatchewan’;

SELECT ST_PERIMETER (a.the_geom)
FROM region a
WHERE a.name=’Queensland’;

SELECT ST_AREA (a.the_geom)
FROM region a
WHERE a.name='Queensland’;

CREATE VIEW vw_simplify AS
SELECT gid, ST_Simplify(the_geom, 20) AS the_geom
FROM road;

CREATE VIEW vw_simplify_more AS
SELECT gid, ST_Simplify(the_geom, 50) AS the_geom
FROM road;

CREATE VIEW vw_convex_hull AS
SELECT
ROW_NUMBER () over (order by a.name) as id,
a.name as town,
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ST_CONVEXHULL (ST_COLLECT (a.the_geom)) AS the_geom
FROM building a
GROUP BY a.name;

16.4.5 In Conclusion

You have seen how to query spatial objects using the new database functions from PostGIS.

16.4.6 What’s Next?

Next we’re going to investigate the structures of more complex geometries and how to create them using PostGIS.

16.5 Lesson: J 0 OO0 OooQd

ooooobooobooboooooboo SsQuuoooobobooboboobbooboooboobDooDboDo
gboooooooboboobooooooboboboooooooooboQQaIsobooo GIsooon
gboooobooboooooboobobooooooobooboobooooobOoboooooooboOoobooon
obooobOobOOoooobooooboobooooobooo

OO00000000 PostgreSQL/PostGIS T D O D ODOO0ODODOOOODDOOOODOOO

16,51 D0 0OO0O0O0OOO0OOO

Going back to our address database, let’s get our streets table matching the others; i.e., having a constraint on
the geometry, an index and an entry in the geometry_columns table.

16.5.2 Try Yourself =

* Modify the st reet s table so that it has a geometry column of type ST_LineString.
* Don’t forget to do the accompanying update to the geometry columns table!
* Also add a constraint to prevent any geometries being added that are not LINESTRINGS or null.
0000000000 DOOOO0ODOOODOODOODOODO
ooooo

gboooboooboibobdsteets OO0 O0O0O000O0O00ODOO0O0DOO0O0DOODOOOOOODOOODOO
oono

update streets set the_geom = ’SRID=4326; LINESTRING (20 -33, 21 -34, 24 -33)'
where streets.id=2;

obooQGISOOOoOnoonoOoo¢bob’Obodb0steets 10000000000 O00000000OO
ooo0’rooooobooooobooooogon)

oooooQGISOooooooooooooooooooooboooooboooooooo

16,53 D0 DOOO0ODO

ubobobodbgboobobooouooboboboouoooobobobuobooobobooboban
oboocooOoboooobooboooooooboon:
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insert into cities (name, the_geom)
values (’Tokyo’, ’'SRID=4326;POLYGON( (10 -10, 5 -32, 30 -27, 10 -10))");

OODO: A polygon requires double brackets around its coordinate list; this is to allow you to add complex
polygons with multiple unconnected areas. For instance

insert into cities (name, the_geom)
values (’Tokyo Outer Wards’, ’'SRID=4326;POLYGON( (20 10, 20 20, 35 20, 20 10),
(-10 -30, -5 0, -15 -15, =10 =30))");

If you followed this step, you can check what it did by loading the cities dataset into QGIS, opening its attribute
table, and selecting the new entry. Note how the two new polygons behave like one polygon.

16.5.4 0 O :Cities O People 0 0 00O O

For this exercise you should do the following:

epeople 100 000000O0O0O0O0O0O0O0O00OOO

* Add a foreign key column to people that references the primary key of the cities table.

- 0000000000 DODODOOODOQGISOOOOOn

» Use SQL to insert some new people records, ensuring that each has an associated street and city.
Your updated people schema should look something like this:

\d people

Table "public.people"

Column | Type | Modifiers

___________ T

id | integer | not null

| | default nextval ('people_id_seq’ ::regclass)

name | character varying(50) |

house_no | integer | not null

street_id | integer | not null

phone_no | character varying |

the_geom | geometry |

city_id | integer | not null
Indexes:

"people_pkey" PRIMARY KEY, btree (id)
"people_name_idx" btree (name)
Check constraints:
"people_geom_point_chk" CHECK (st_geometrytype (the_geom) =
"ST_Point’ ::text OR the_geom IS NULL)
Foreign-key constraints:
"people_city_id_fkey" FOREIGN KEY (city_id) REFERENCES cities (id)
"people_street_id_fkey" FOREIGN KEY (street_id) REFERENCES streets (id)

googo

16,55 0000 O0O0OOO
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cities people
Oid Hid S’Freets
Hhame Onarme E ic]
Othe_geom O house_no - |- r?hame
Ostrest_id  M— 2_geaim
O phone_no
O the_geam
Ocity_id

16.5.6 Try Yourself v

Create city boundaries by computing the minimum convex hull of all addresses for that city and computing a
buffer around that area.

16.5.7 U0 OOOOOOODOOOODO

With the SFS-Model functions, you have a wide variety of options to access sub-objects of SFS Geometries. When
you want to select the first vertex point of every polygon geometry in the table myPolygonTable, you have to do
this in this way:

* Transform the polygon boundary to a linestring:

select st_boundary(geometry) from myPolygonTable;

* Select the first vertex point of the resultant linestring:

select st_startpoint (myGeometry)

from (
select st_boundary (geometry) as myGeometry
from myPolygonTable) as foo;

16.5.8 U0 OOOOCOOODO

PostGIS supports all OGC SFS/MM standard conform functions. All these functions start with ST_.

16.59 0O OO0OO

To clip a subpart of your data you can use the ST_INTERSECT () function. To avoid empty geometries, use:

where not st_isempty(st_intersection(a.the_geom, b.the_geom))

16.5. Lesson: DO OO QOO0 423



QGIS Training Manual, D000 2.8

select st_intersection(a.the_geom, b.the_geom), b.x*

from clip as a, road_lines as b

where not st_isempty(st_intersection(st_setsrid(a.the_geom,32734),
b.the_geom));
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16.5.10 Building Geometries from Other Geometries

From a given point table, you want to generate a linestring. The order of the points is defined by their id. Another
ordering method could be a timestamp, such as the one you get when you capture waypoints with a GPS receiver.

@10

9

©8

o7
6
©5

o4

©3

02

°1

To create a linestring from a new point layer called ‘points’, you can run the following command:

select ST_LineFromMultiPoint (st_collect (the_geom)), 1 as id
from (

select the_geom

from points

order by id
) as foo;

To see how it works without creating a new layer, you could also run this command on the ‘people’ layer, although
of course it would make little real-world sense to do this.
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10

16.5.11 J00OO0OOOO0ODOO

You can get more information for this topic in this blog entry.

16.5.12 00000000

To detect the difference between two tables with the same structure, you can use the PostgreSQL keyword
EXCEPT:

select * from table_a
except
select » from table_b;

As the result, you will get all records from table_a which are not stored in table_b.

16.5.13 0 OO

You can define where postgres should store its data on disk by creating tablespaces:

CREATE TABLESPACE homespace LOCATION ' /home/pg’;

When you create a database, you can then specify which tablespace to use e.g.:
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createdb —-tablespace=homespace t4a

16.5.14 In Conclusion

You’ve learned how to create more complex geometries using PostGIS statements. Keep in mind that this is mostly
to improve your tacit knowledge when working with geo-enabled databases through a GIS frontend. You usually
won’t need to actually enter these statements manually, but having a general idea of their structure will help you
when using a GIS, especially if you encounter errors that would otherwise seem cryptic.
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Examples in this guide use QGIS 2.0, with partil upgrades to 2.8. They might not work or not be available in
versions other than that ones.

This guide is comprised of a set of small exercises of progressive complexity. If you have never used the processing
framework, you should start from the very beginning. If you have some previous experience, feel free to skip
lessons. They are more or less independent from each other, and each one introduces some new concept or some
new element, which is indicated in the chapter title and the short introduction at the begining of each chapter. That
should make it easy to locate lessons dealing with a particular topic.

gbooboooboobobooboooobooooboobobooobooogoo,QGIsuboooooDO
gbbooboodgboogboooboob.boboaboobooboobooobobooaoboo.

All the exercises in this guide use free data set that can be downloaded from the QGIS website. The zip file to
download contains several folders corresponding to each one of the lessons in this guide. In each of them you will
find a QGIS project file. Just open it and you will be ready to start the lesson.

goog!

17.2 An important warning before starting

Just like the manual of a word processor doesn’t teach you how to write a novel or a poem, or a CAD tutorial
doesn’t show you how to calculate the size of a beam for a building, this guide will not teach you spatial analysis.
Instead, it will show you how to use the QGIS processing framework, a powerful tool for performing spatial
analysis, but it is up to you to learn the required concepts that are needed to understand that type of analysis.
Without them, there is no point on using the framework and its algorithms, although you might be tempted to try.

Let’s show this more clearly with an example.

Given a set of points and a value of a given variable value at each point, you can calculate a raster layer from them
using the Kriging geoalgorithm. The parameters dialog for that module is like the following one.
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§} Ordinary kriging x|

Parameters Log Help

Points E
| points2 [EPSG:23030] - ] B

Attribute

| POLY_NUM_B e
Create Variance Grid

= -
Target Grid

| [0] user defined M
Variogram Model

' [0] Spherical Model R
Block Kriging

[Yes | v]
Block Size

| 100 =
Logarithmic Transformatian

= o U

MNugget

o [

Sill

(00 [——

Range

Ex [——

Linear Regression

I [——

Exponential Regression

ot [
F‘::wer Function - A _ =

[ 0% |
Run ] [ Close ] [ Cancel ]

It look complex, right?

By reading this manual, you will learn things such as how to use that module, how to run it in a batch process
to create raster layers from hundreds of points layers in a single run, or what happens if the input layer has
some points selected. However, the parameters themselves are not explained. A seasoned analyst with a good
knowledge of geostatistics will have no problem understanding those parameters. If you are not one of them and
sill, range, or nugget are not familiar concepts to you, then you should not use the Kriging module. More than that,
you are far from being ready to use the Kriging module, since it requires learning about concepts such as spatial
autocorrelation or semivariograms, which probably you also haven’t heard before, or at least haven’t studied long
enough. You should first study and understand them, and then come back to QGIS to actually run it and perform
the analysis. Ignoring this will result in wrong results and poor (and most likely useless) analysis.

Although not all algorithms are as complex as kriging (but some of them are even more complex!), almost all of
them require understanding the fundamental analysis ideas that they are based on. Without that knowledge, using
them will most likely lead to poor results.

Using geoalgorithms without having a good foundation of spatial analysis is like trying to write a novel without
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knowing anything about grammar or syntax, and having no knowledge about storytelling. You might get a result,
but it is likely to have no value at all. Please, don’t fool yourself and think that after reading this guide you are
already capable of performing spatial analysis and get sound results. You need to study spatial analysis as well.

Here is a good reference that you can read to learn more about spatial data analysis.

Geospatial Analysis (3rd Edition): A Comprehensive Guide to Principles, Techniques and Software Tools Michael
John De Smith, Michael F. Goodchild, Paul A. Longley

It is available online here

173 000000000DO0ODOO0ODOODOO0O
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The processing framework is a core QGIS plugin, which means that, if you are running QGIS 2.0, it should
already be installed in your system, since it is included with QGIS. In case it is active, you should see a menu
called Processing in your menu bar. There you will find an access to all the framework components.

Toolbox

i, Graphical modeler
& History and log
& Options and configuration

hﬂ Results viewer

» Commander Cirl Al +M

gboabooaoboooboobboobboobbobbobbooboobbobbobbobboboban
obooobooooooon

Plugins = Installed (27)
Installed
Search |pr0cessing & | in: @ names | descriptons [ tags ' authors
Get more
% @ 'ﬂ' Processing
B new Processing o
L0 settings Spatial data processing framework for QGIS

Category: Analysis
Author: victor Olaya

Installed version: 1.1 {in C:\Users\volaya, ggis2\python'plugins\processing)

Upgrade all Uninstall plugin l [ Reinstall plugin l

| Cose | nep |
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The main element that we are going to work with is the toolbox. Click on the corresponding menu entry and you
will see the toolbox docked at the right side of the QGIS window.

Processing Toolbox

L

==t

El-iRecently used algorithms

- 4% Polygon centroids

----- €§} Field calculator

----- €§} Rasterize vector layer
----- €§} Close qgaps

----- €§} Watershed from DEM and threshold
----- L g Clip grid with palygon
=] {§} Geoalgorithms

G- 4% Domain spedfic

G- &% Images

{".?".} Raster

{'ﬁ} Raster - vector

{'ﬁ} Vechar

Models

&l Scripts

i

H

E-8-E-

@@
&

The toolbox contains a list of all the available algorithms, divided in groups. There are two ways of displaying
and organizing those algorithms: the advanced mode and the simplified mode.

By default, you will see the simplified mode, which groups algorithms according to the kind of operation they
perform. Although some of the algorithms that you will see in the toolbox depend on other external applications
(most of them do, in fact), you will not see any mention to those applications. The origin of algorithms is hidden
in this mode, which is a facade that simplifies using algorithms through the processing framework.

Examples in this guide only use the simplified mode. The advanced mode has some additional features and
algorithms, but it requires understanding the applications that are called, so they are a more advanced topic. Some
of these more advanced ideas are introduced in the final lessons of this book, but for the rest of them we will just
use the simplified interface.

You can change between the simplified and the advanced mode by using the selector on the bottom part of the
toolbox.

uboboobobooobooboooobooboooobooooobooboon
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Processing Toolbos

5]
m
o

[

R;cenﬂy used algorithms
@ Polygon centroids
£ Field calculator

----- @ Shapes to grid

@ Close gaps

o, Watershed from DEM and threshold
@ Clip grid with palygon

- 3R GDALJOGR [15 geoalgorithms]

& GRASS commands [152 geoalgorithms]

- || GeoServerPostGIS toals [ geoalgorithms]

- o Models [15 geoalgorithms]

- Orfeo Toolbox (Image analysis) [76 geoalgarithms]
~ ¥ QGIS geoalgorithms [58 geoalgorithms]

- ZE' R scripts [14 geoalgorithms]

. % SAGA (2.1) [252 geoalgorithms]

Scripts [2 geoalgorithms]

If you have reached this point, now you are ready to use geoalgorithms. There is no need to configure anything
else by now. We can already run our first algorithm, which we will do in the next lesson.

17.4 Running our first algorithm. The toolbox

OO 0O¢: In this lesson we will run our first algorithm, and get our first result from it.

As we have already mentioned, the processing framework can run algorithms from other applications, but it also
contains native algorithms that need no external software to be run. To start exploring the processing framework,
we are going to run one of those native algorithms. In particular, we are going to calculate the centroids of set of
polygons.

First, open the QGIS project corresponding to this lesson. It contains just a single layer with two polygons
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Now go to the text box at the top of the toolbox. That is the search box, and if you type text in it, it will filter the
list of algorithms so just those ones contaning the entered text are shown. Type cent roids and you should see
something like this.

centroids|

- Recently used algorithms
& Polygon centroids

% Field calculator
## Rasterize vector layer

## Close gaps
## Watershed from DEM and threshald

----- 48 Clip grid with palygon
E- ﬂ' Geoalgorithms

El- 'ﬂ Vectar
= ﬂ' Polygons

----- g8k Paolyaon centroids

The search box is a very practical way of finding the algorithm you are looking for.

To execute an algorithm, you just have to double-click on its name in the toolbox. When you double-click on the
Centroids algorithm, you will see the following dialog.
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i Polygon centroids |

Parameters | Log | Help |

Input layer

polygons [EPSG: 23030] |~ :]

Qutput layer

[Save to temporary filg]

¥| Open output file after running algorithm

[ 0% ]
Run Close

All algorithms have a similar interface, which basically contains input parameters that you have to fill, and outputs
that you have to select where to store. In this case, the only inputs we have are a vector layer with polygons and
a selector to select whether we want several centroids for a single feature in case it is a multipart feature, or the
algorithm should generate just one centroid for each feature.

Select the Polygons layer as input. The other field will have no effect at all, since the input layer has no multi-part
features.

The algorithm has a single output, which is the centroids layer. There are two options to define where a data output
is saved: enter a filepath or save it to a temporary filename

In case you want to set a destination and not save the result in a temporary file, the format of the output is defined by
the filename extension. To select a format, just select the corresponding file extension (or add it if you are directly
typing the filepath instead). If the extension of the filepath you entered does not match any of the supported ones,
a default extension (usually . dbf for tables, . t1if for raster layers and . shp for vector ones) will be appended
to the filepath and the file format corresponding to that extension will be used to save the layer or table.

In all the exercises in this guide, we will be saving results to a temporary file, since there is no need to save them
for a later use. Feel free to save them to a permament location if you want to.

Notice that temporary files are deleted once you close QGIS. If you create a project with an output that was saved
as a temporary output, QGIS will complain when you try to open back the project later, since that output file will
not exist.

Once you have configured the algorithm dialog, press Run to run the algorithm.

You will get the following output.
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The output has the same CRS as the input. Geoalgorithms assumes all input layers share the same CRS and do
not perform any reprojection. Except in the case of some special algorithms (for instance, reprojection ones), the
outputs will also have that same CRS. We will see more about this soon.

Try yourself saving it using different file formats (use, for instance, shp and geojson as extensions). Also, if
you do not want the layer to be loaded in QGIS after it is generated, you can check off the check box that is found
below the output path box.

17.5 More algorithms and data types

OO0O¢: In this lesson we will run three more algorithms, learn how to use other input types, and configure
outputs to be saved to a given folder automatically.

For this lessons we will need a table and a polygons layer. We are going to create a points layer based on
coordinates in the table, and then count the number of points in each polygon. If you open the QGIS project
corresponding to this lesson, you will find a table with X and Y coordinates, but you will find no polygons layer.
Don’t worry, we will create it using a processing geoalgorithm.

The first thing we are going to do is to create a points layer from the coordinates in the table, using the Points
layer from table algorithm. You now know how to use the search box, so it should not be hard for you to find it.
Double—click on it to run it and get to its following dialog.

This algorithm, like the one from the previous lesson, just generates a single output, and it has three inputs:
 Table: the table with the coordinates. You should select here the table from the lesson data.

* X and 'Y fields: these two parameters are linked to the first one. The corresponding selector will show the
name of those fields that are available in the selected table. Select the XCOORD field for the X parameter,
and the YYCOORD field for the Y parameter.

* CRS: Since this algorithm takes no input layers, it cannot assign a CRS to the output layer based on them.
Instead, it asks you to manually select the CRS that the coordinates in the table use. Click on the button on
the left—hand side to open the QGIS CRS selector, and select EPSG:4326 as the output CRS. We are using
this CRS because the coordinates in the table are in that CRS.
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Your dialog should look like this.

{} Points layer from table

[Save to temporary file]

x|

Now press the Run button to get the following layer:

The next thing we need is the polygon layer. We are going to create a regular grid of polygons using the Create
grid algorithm, which has the following parameters dialog.
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{} Create grid

[5ave to temparary file]

3

The inputs required to create the grid are all numbers. When you have to enter a numerical value, you have two
options: typing it directly on the corresponding box or clicking the button on the right-hand side to get to a dialog
like the one shown next.
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{} Enter number or expression d A

Enter expression in the text field.
Double dick on elements in the tree to add their values to the expression.

& Values from raster layers statistics
- Values from QGIS map canvas

[ [Enter yvour formula here] ]

|| cocd

The dialog contains a simple calculator, so you can type expressions suchas 11 » 34.7 + 4.6, and the result
will be computed and put in the corresponding text box in the parameters dialog. Also, it contains constants that
you can use, and values from other layers available.

In this case, we want to create a grid that covers the extent of the input points layer, so we should use its coordinates
to calculate the center coordinate of the grid and its width and height, since those are the parameters that the
algorithm takes to create the grid. With a little bit of math, try to do that yourself using the calculator dialog and
the constants from the input points layer.

Select Rectangles (polygons) in the Type field.

As in the case of the last algorithm, we have to enter the CRS here as well. Select EPSG:4326 as the target CRS,
as we did before.

In the end, you should have a parameters dialog like this:
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x

Parameters Log Help

Horizontal spacing
[U.UUUI ” I

oo ——
[0.000904 ” l

[:.ljnoﬁﬁl ” l

Center X

[—5.6956?4 ” l

Center ¥

[40.24??955 ” l
Grid type

‘Rectangi (polygon) 1~
CRS

| EpsG:4325 [
Output

[ [5ave to temparary file] ” l
(3| Open output file after running algorithm

| o |
[ [ o ][ oz

(Better add one spacing on the width and height: Horizontal spacing: 0.0001, Vertical spacing: 0.0001, Width:
0.001004, Height: 0.000651, Center X: -5.695674, Center Y: 40.2477955) The case of X center is a bit tricky, see:
-5.696126+(( -5.695222+ 5.696126)/2)

O O: The options are simpler in recent versions of QGIS; you just need to enter min and max for X and Y
(suggested values: -5.696226,-5.695122,40.24742,40.248171)

Press Run and you will get the graticule layer.
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The last step is to count the points in each one of the rectangles of that graticule. We will use the Count points in
polygons algorithm.

x

Parameters Log Help

Polygons

[polmons [EP5G:4328] |"’” I
Points

[pohts [EFSG:4328] H[ l
Count field name

| NUMPOINTS |
Result

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

Rn || Cose || conedl |

Now we have the result we were looking for.

Before finishing this lesson, here is a quick tip to make your life easier in case you want to persistently save your
data. If you want all your output files to be saved in a given folder, you do not have to type the folder name
each time. Instead, go to the processing menu and select the Options and configuration item. It will open the
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configuration dialog.
[ |

|settng | valee |
'ﬁ General

- o, Models

- % Providers

|E Scripts

=-E-E-E

ok || Ccancel

In the Output folder entry that you will find in the General group, type the path to your destination folder.
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21x
[ |

|Setting |'u'a|ue |
Bl 8 General
- 8k Keep dialog open after running an algorithm x
- $8 Dutput folder C:\processing_output
{§} Post-execution script
ﬁ'? Pre-execution script
- 8% Run algorithms in a new thread
-~ 8% Show extra info in Log panel {threaded execution only)
% Show layer CRS definition in selection boxes
- Show recently executed algorithms
- §8 Show tabledike parameter panels
- i Style for line layers
- G Style for point layers
- Style for polygon layers
- g8k Style for raster layers
- @8 |se fllename as layer name
-~ 8% Use only selected features x
- @8 Warn before executing if layer CRS's do not match x
Bl o Models
& Providers
= B saipts

oK ] [ Cancel

Now when you run an algorithm, just use the filename instead of the full path. For instance, with the configuration
shown above, if you enter graticule. shp as the output path for the algorithm that we have just used, the
result will be saved in D: \processing_output\graticule.shp. You can still enter a full path in case
you want a result to be saved in a different folder.

Try yourself the Create grid algorithm with different grid sizes, and also with different types of grids.
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CRS’s are a great source of confusion for QGIS Processing users, so here are some general rules about how they
are handled by geoalgorithms when creating a new layer.

* If there are input layers, it will use the CRS of the first layer. This is assumed to be the CRS of all input
layers, since they should have the same one. If you use layers with unmatching CRS’s, QGIS will warn you
about it. Notice that the CRS of input layers is shown along with its name in the parameters dialog.

Elevation

raster [EPSGE:23030]

« If there are no input layer, it will use the project CRS, unless the algorithm contains a specific CRS field (as
it happenend in the last lesson with the graticule algorithm)

Open the project corresponding to this lesson and you will see two layers named 23030 and 4326. They both
contain the same points, but in different CRSs (EPSG:23030 and EPSG:4326). They appear in the same place
because QGIS is reprojecting on the fly to the project CRS (EPSG:4326), but they are not actually the same layer.
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{} Export/Add geometry columns x|

Parameters Log Help

Input layer

14325 [EPSG:4326] |'” I
Calculate using

[La‘rer CRS | 'l
Output layer

[ [5ave to temparary file] ” l

(3| Open output file after running algorithm

[ 0% ]

rn || Cose || concel |

This algorithm add new columns to the attributes table of a vector layer. The content of the columns depend on
the type of geometry of the layer. In the case of points, it adds new columns with the X and Y coordinates of each
point.

In the list of available layers that you will find in the input layer field, you will see each one with its corresponding
CRS. That means that, although they appear in the same place in your canvas, they will be treated differently.
Select the 4326 layer.

The other parameter of the algorithm allows to set how the algorithm uses coordinates to calculate the new value
that it will add to the resulting layers. Most algorithms do not have an option like that, and just use the coordinates
directly. Select the Layer CRS option to just use coordinates as they are. This is how almost all geoalgorithms
work.

You should get a new layer with exactly the same points as the other two layers. If you right click on the name of
the layer and open its properties, you will see that it shares the same CRS of the input layer, that is, EPSG:4326.
When the layer is loaded into QGIS, you will not be asked to enter the CRS of the layer, since QGIS already
knows about it.

If you open the attributes table of the new layer you will see that it contains two new fields with the X and Y
coordinates of each point.
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D 5 PT_NUM_A PT_ST_A xcoord yeoord
0 1 1.100000 |a -5.695426 40.248071
1 2 2.200000 | b -5.695885 40.247622
2 3 3.300000 | ¢ -5.695406 40.247520
3 4 4,400000 | a -5.695222 40,247694
4 5 5.500000 |b -5.695642 40,248030
5 & 6.600000 | a -5.695855 40.248067
& 7 7.700000 | b -5.696049 40.248023
7 8 8.800000 | ¢ -5.696126 40.247629
a3 9 9.900000 | a -5,695961 40,247786
aQ 10 11000000 |b -5.695353 40.247929
10 11 12,100000 |a -5.695595 40.247739
11 12 13.200000 | b -5.695779 40.247896

Those coordinate values are given in the layer CRS, since we chose that option. However, even if you choose
another option, the output CRS of the layer would have been the same, since the input CRS is used to set the CRS
of the output layer. Choosing another option will cause the values to be different, but not the resulting point to
change or the CRS of the ouput layer to be different to the CRS of the input one.

Now do the same calculation using the other layer. You should find the resulting layer rendered exactly in the
same place as the other ones, and it will have the EPSG:23030 CRS, since that was the one of the input layer.

If you go to its attribute table, you will see values that are different to the ones in the first layer that we created.

ID ) PT_NUM_A PT_ST_A xcoord ycoord
0 1 1.100000 |a 270839.655869 | 4458983 162670
1 2 2,200000 |b 270799.116425| 4458934.552874
2 3 3.300000 | 270839.468187| 4458921.978139
3 4 4,400000 |a 270855745301 4458940.799487
4 5 5.500000 |b 270821.164389 | 4458979. 173980
5 5 6.500000 |a 270803.157564| 4458983.848803
6 7 7.700000 [b 270786.542791| 4458980.047841
7 8 8.800000 |c 270778.601980 | 4458935.968837
a 3 9.900000 |a 270793.142411| 4458952.931700
3 10 11.000000 |b 270845.414756 | 4458967.311298
10 11 12.100000 |a 270824.166376 | 4458946.784250
11 12 13.200000 |b 270809.035643| 4458964.649799

This is because the original data is different (it uses a different CRS), and those coordinates are taken from it.

What should you learn from this? The main idea behind these examples is that geoalgorithms use the layer as it is
in its original data source, and completely ignore the reprojections that QGIS might be doing before rendering. In
other words, do not trust what you see in the canvas, but always have in mind that the original data will be used.
That is not so important in this case, since we are just using one single layer at a time, but in an algorithm that
needs several of them (such as a clip algorithm), layers that appear to match or overlay might be very far one from
each other, since they might have different CRSs.

Algorithms performs no reprojection (except in the reprojection algorithm that we will see next), so it is up to you
to make sure that layers have matching CRS’s.

An interesting module that deals with CRS’s is the reprojection one. It represents a particular case, since it has an
input layer (the one to reproject), but it will not use its CRS for the output one.

booobOoooobooooooa
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x|

Parameters | Log | Help |

Input layer

23030 [EP5G:23030] |~ :]

Target CRS

EP5G:4335 l

Reprojected layer

[Save to temporary file]

R Open output file after running algorithm

[ 0% ]
Run Close

Select any of the layers as input, and select EPSG:23029 as the destination CRS. Run the algorithm and you will
get a new layer, identical to the input one, but with a different CRS. It will appear on the same region of the canvas,
like the other ones, since QGIS will reproject it on the fly, but its original coordinates are different. You can see
that by running the Export/Add geometry columns algorithm using this new layer as input, and veryfing that the
added coordinates are different to the ones in the attribute tables of both of the two layers that we had computed
before.

17.7 Selection

OO 0O¢: In this lesson we will see how processing algorithms handle selections in vector layers that are used as
inputs, and how to create a selection using a particular type of algorithm.

Unlike other analysis plugins in QGIS, you will not find in processing geoalgorithms any “Use only selected
features” checkbox or similar. The behaviour regarding selection is set for the whole plugin and all its algorithms,
and not for each algorithm execution. Algorithms follow the following simple rules when using a vector layer.

* If the layer has a selection, only selected features are used.
¢ If there is no selection, all features are used.

Please note that you can change this behaviour by ubselecting the relevant option in the Processing — Options —
General* menu.

You can test that yourself by selecting a few points in any of the layers that we used in the last chapter, and running
the reprojection algorithm on them. The reprojected layer that you will obtain will contain only those points that
were selected, unless there was no selection, which will cause the resulting layer to contain all points from the
original layer.

To make a selection, you can use any of the available methods and tools in QGIS. However, you can also use a
geoalgorithm to do so. Algorithms for creating a selection are found in the toolbox under Vector/Selection
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B statistics
G- & Table tools

u

Open the Random selection algorithm.

) Random selection

Leaving the default values, it will select 10 points from the current layer.
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You will notice that this algorithm does not produce any output, but modifies the input layer (not the layer itself,
but its selection). This is an uncommon behaviour, since all the other algorithms will produce new layers and not
alter the input layers.

Since the selection is not part of the data itself, but something that only exist within QGIS, these selection algo-
rithms only must be used selecting a layer that is open in QGIS, and not with the file selection option that you can
find in the corresponding parameter value box.

The selection we have just made, like most of the ones created by the rest of the selection algorithms, can also be
done manually from QGIS, so you might be wondering what is the point on using an algorithm for that. Although
now this might not make much sense to you, we will later see how to create models and scripts. If you want
to make a selection in the middle of a model (which defines a processing workflow), only a geoalgorithm can
be added to a model, and other QGIS elements and operations cannot be added. That is the reason why some
processing algorithms duplicate functionality that is also available in other QGIS elements.

By now, just remember that selections can be made using processing geoalgorithms, and that algorithms will only
use the selected features if a selection exists, or all features otherwise.

17.8 Running an external algorithm

OO0 O: In this lesson we will see how to use algorithms that depend on a third-party application, particularly
SAGA, which is one of the main algorithm providers.

All the algorithms that we have run so far are part of processing framework. That is, they are native algorithms
implemented in the plugin and run by QGIS just like the plugin itself is run. However, one of the greatest features
of the processing framework is that it can use algorithms from external applications and extend the possibilites of
those applications. Such algorithms are wrapped and included in the toolbox, so you can easily use them from
QGIS, and use QGIS data to run them.

Some of the algorithms that you see in the simplified view require third party applications to be installed in your
system. One algorithm provider of special interest is SAGA (System for Automated Geospatial Analysis). First,
we need to configure everything so QGIS can correctly call SAGA. This is not difficult, but it’s important to
understand how it works. Each external application has its own configuration, and later in this same manual we
will talk about some of the other ones, but SAGA is going to be our main backend, so we will discuss it here.

If you are on Windows, the best way to work with external algorithms is to install QGIS using the standalone
installer. It will take care of installing all the needed dependencies, including SAGA, so if you have used it, there
is nothing else to do. You can open the settings dialog and go to the Providers/SAGA group.
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Search... ]
|Setting |'u'a|ue B
El- 4 Providers
E- § GDAL/OGR —
-y GRASS commands
Bl (5 GeoServer/PostGIS tools
-ﬁ Modeler-only tools
? Orfeo Toolbox (Image analysis)
E- ¥ QGIS geoalgorithms
@ R scripts
E- & saAGA (2.1)
& Activate 3
- {&& Enable SAGA 2.0.8 compatibility
@ Log consale output x
@ Log execution commands x
@ Resampling region cellsize 1.0
- IS Resampling region max x 1000.0
@ Resampling region max y 1000.0
@ Resampling region min x 0.0
Resampling region min y 0.0
ﬂﬂﬂ_c:\sagazl
@ Use min covering grid system for resampling x
TauDEM (hydrologic analysis)
B 3, Tools for LIDAR data =
- & scripts =]

QK

| | concl

The SAGA path should already be configured and pointing to the folder where SAGA is installed.

If you have installed QGIS not using the standalone installer, then you must enter the path to your SAGA installa-
tion (which you must have installed separately) there. The required version is SAGA 2.1

In case you are using Linux, you do not have to set the path to your SAGA installation in the processing configu-
ration. Instead, you must install SAGA and make sure that the SAGA folder is in PATH, so it can be called from
the console (just open a console and type saga_cmd to check it). Under Linux, the target version for SAGA is

also 2.1, but in some installations (such as the OSGeo Live DVD) you

might have just 2.0.8 available. There are

some 2.1 packages available, but they are not commonly installed and might have some issues, so if you prefer to

use the more common and stable 2.0.8, you can do it by enabling 2.0.8
under the SAGA group

compatibility in the configuration dialog,
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{} Processing options d B

Setting | Value Ii]

El- 4 Providers
E- § GDAL/OGR —
& GRASS commands
= GeoServer/PostGIS tools
-ﬁ Modeler-only tools
Orfeo Toolbox (Image analysis)

QGIS geoalgorithms
@ R scripts
& saca (2.1)
i »
.8 compatibility M
@ Log consale output k
@ Log execution commands x
@ Resampling region cellsize 1.0
- IS Resampling region max x 1000.0
@ Resampling region max y 1000.0
: @ Resampling region min x 0.0
: @ Resampling region min y 0.0
- @ SAGA folder C:lsaga2l
@ Use min covering grid system for resampling x

& . TauDEM (hydrologic analysis)
& 92, Tools for LIDAR. data

E- E Scripts

]

oK ] [ Cancel

Once SAGA is installed, you can launch a SAGA algorithm double clicking on its name, as with any other
algorithm. Since we are using the simplified interface, you do not know which algorithms are based on SAGA or
in another external application, but if you happen to double—click on one of them and the corresponding application
is not installed, you will see something like this.

x

Missing dependency.This algorithm cannot be run :-(

This algorithm requires SAGA to be run.Unfortunately, it seems that SAGA is not installed in your
gystem, or it is not correctly configured to be used from QGIS

Click here to know more about how to install and configure SAGA to be used with QGIS

Close

In our case, and assuming that SAGA is correctly installed and configured, you should not see this window, and
you will get to the parameters dialog instead.

Let’s try with a SAGA-based algorithm, the one called Split shapes layer randomly.
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€ split shapes layer randomly x|

Parameters Log Help

Shapes

points [EPSG:4326] )

Relation B f &

E [—

Group A

[ [Save to temporary file] ” l

[%| Open output file after running algorithm
Group B

[ [Save to temporary file] ” l
[%| Open output file after running algorithm

| o |
[ J [ oo ][ oz ]

Use the points layer in the project corresponding to this lesson as input, and the default parameter values, and you
will get something like this (the split is random, so your result might be different).

The input layer has been split in two layers, each one with the same number of points. This result has been
computed by SAGA, and later taken by QGIS and added to the QGIS project.

If all goes fine, you will not notice any difference between this SAGA—based algorithm and one of the others that
we have previously run. However, SAGA might, for some reason, not be able to produce a result and not generate
the file that QGIS is expecting. In that case, there will be problems adding the result to the QGIS project, and an
error message like this will be shown.
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{} Problem loading output layers ﬂ

Oooops! The following output layers could not be open

* Graticule: <
\WUsers‘\WolayehippDetehLocelh\Temp\processing'\0elf1£410£894225bf5SbAdfT72d18 T4
ZZWERATICULE . shp

The abaove files could not be opened, which probably indicates that they were not correctly produced by the
executed algorithm

Checking the log information might help you see why those layers were not created as expected

This algorithm requires SAGA to be run, A test to checdk if SAGA is correctly installed and configured in your system
has been performed, with the following result:

FAGA seems fo be correcty instaled and configured

This kind of problems might happen, even if SAGA (or any other application that we are calling from the pro-
cessing framework) is correctly installed, and it is important to know how to deal with them. Let’s produce one of
those error messages.

Open the Create graticule algorithm and use the following values.

tj Create graticule X

Parameters Log Help

Extent

[ E £
Qutput extent{xmin, xmax, ymin, ymax)

0,1,0,1 |
Division Width

E [
Division Height

E [
Type

| [0] Lines [+

Graticule

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

Rn || Cose || cConcdl |

We are using width and height values that is larger than the specified extent, so SAGA cannot produce any output.
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In other words, the parameter values are wrong, but they are not checked until SAGA gets them and tries to create
the graticule. Since it cannot create it, it will not produce the expected layer, and you will see the error message
shown above.

Understanding this kind of problems will help you solve them and find an explanation to what is happening. As
you can see in the error message, a test is performed to check that the connection with SAGA is working correctly,
indicating you that there might be a problem in how the algorithm was executed. This applies not only to SAGA,
but also to other external applications as well.

In the next lesson we will introduce the processing log, where information about commands run by geoalgorithms
is kept, and you will see how to get more detail when issues like this appear.

17.9 The processing log

O 0O O: This lesson describes the processing log.

All the analysis performed with the processing framework is logged in its own logging system. This allows you
to know more about what has been done with the processing tools, to solve problems when they happen, and also
to re—run previous operations, since the logging system also implements some interactivity.

To open the log, select the corresponding entry in the processing menu. You will see the following dialog.

| INFO

| WARNING
. ALGORITHM
. ERROR

Clear ] [ Close

It contains four blocks of information: Info, Error, Warnings and Algorithms. Here is a description of all of them.

* Info. Some algorithms might leave here information about their execution. For instance, those algorithms
that call an external application usually log the console output of that application to this entry. If you have
a look at it, you will see that the output of the SAGA algorithm that we just run (and that fail to execute
because input data was not correct) is stored here.
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El _ ue Aug 20 2013 23:12:47] SAGA execution console output
EI [Tue Aug 20 2013 23:12:41] SAGA execution commands

| WARNING
G- | ALGORITHM
(- | ERROR

SAGA execution console output
El sistema no puede encontrar la ruta espedificada.
El sistema no puede encontrar la ruta especificada.

C:\Users\olaya\Desktop =set SAGA=C:\0SGeo W \appsisaga

C:Wsers\olaya\Desktop »set SAGA_MLE =C:\05Ge0 \apps\sagamodules
C:Wsers\olaya'\Desktop =PATH=PATH; C:\05GeodW \appssaga; C: \0SGeodW \apps \sagamodules
C:\Users\olaya\Desktop =saga_cmd shapes_points "Thiessen Palygons™ POINTS "C:

g_lgs;régrﬂgagé :u!'.ppData YLocal{Temp'processing\8d48ccca0aed4thag 208boa7Ic608d 26 \points. shp™ -

WsersiVolayaApplata'Local Temp\processing \sagathiessenpolygons 7bab 5 2c 1f59 747 7daS8aec5oe 26 13331,
shp”™

H 4
H 4
LN

z

Clear ] [ Close

]

This is helpful to understand what is going on. Advanced users will be able to analyze that output to find out
why the algorithm failed. If you are not an advanced user, this will be useful for others to help you diagnose the
problem you are having, which might be a problem in the installation of the external software or an issue with the

data you provided.

* Warnings. Even if the algorithm could be executed, some algorithms might leave warnings in case the result
might not be right. For instance, when executing an interpolation algorithm with a very small amount of
points, the algorithm can run and will produce a result, but it is likely that it will not be correct, since more
points should be used. It’s a good idea to regularly check for this type of warnings if you are not sure about

some aspect of a given algorithm.

 Error. Errors that appear and are not directly related to external applications are logged in this section.

» Algorithms. All algorithms that are executed, even if they are executed from the GUI and not from the
console (which will be explained later in this manual) are stored in this part of the log as a console call.
That means that everytime you run an algorithm, a console command is added to the log, and you have the

full history of your working session. Here is how that history looks like:
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- | INFO B

;| WARNING

| ALGORITHM

[Sun Aug 25 2013 13:22:20] processing.runala(“saga:splitshapeslayerrandomly™, "C: Wser...

[Sun Aug 25 2013 13:22: 11] processing.runala(“saga:splitshapeslayerrandomly™, D: Waith...

[Sun Aug 25 2013 13:21:41] processing.runala(“saga:splitshapeslayerrandomly™, D: Waith...
& [Sun Aug 25 2013 13:16:36] processing.runala("saga:splitshapeslayerrandomly™, 0: Waith...

= EEun Aug 25 2013 13:16:02] processing. runalg(“saga:splitshapeslayerrandomly™, "D: Ygith....

[Sun Aug 25 2013 13:15:29] processing.runala(“saga:splitshapeslayerrandomly™, D: Waith...
[Sun Aug 25 2013 13:13: 18] processing.runalg(“saga: thiessenpolygons™, "Ci VWsersWolay. .
[Sun Aug 25 2013 13:13: 16] processing.runala(“saga:splitshapeslayerrandomly™, "C: Wser...
[Sun Aug 25 2013 13:12:48] processing.runala(“saga:splitshapeslayerrandomly™, D: Waith...

[Sun Aug 25 2013 11:46: 19] processing.runala("ggis:reprojectiayer”™, D: fgithub fsextante- ..
=

[Sun Aug 25 2013 11:44: 27] processing.runala(“saga: diparidwithpalygon®, "C: Wsersiival ..
[Sun Aug 25 2013 11:43:51] processing.runalg(“saga:dosegaps”, "C: VWsers Wolaya\app...

[y fusn 75 2013 1147211 orocs

processing.runalg(“saga:splitshapeslayerrandomly™, "0 V\github\\sextante-
manual\\datal\first_saga_ala\\points.shp®, 50,Mone, Mone)

Clear ] [ Close

This can be very useful when starting working with the console, to learn about the syntax of algorithms. We will
use it when we discuss how to run analysis commands from the console.

The history is also interactive, and you can re-run any previous algorithm just by double—clicking on its entry.
This is an easy way of replicating the work we already did before.

For instance, try the following. Open the data corresponding to the first chapter of this manual and run the
algorithm explained there. Now go to the log dialog and locate the last algorithm in the list, which corresponds to
the algorithm you have just run. Double—click on it an a new result should be produced, just like when you run it
using the normal dialog and calling it from the toolbox.

17.9.1 e Advanced

You can also modify the algorithm. Just copy it, open the Plugins — Python console, click on Import class — Im-
port Processing class, then paste it to re-run the analysis; change the text at will. To display the resulting file, type
iface.addvVectorLayer ('’ /path/filename.shp’, ’'Layer name in legend’, ’ogr’).

17.10 The raster calculator. No-data values

OO0 0O: In this lesson we will see how to use the raster calculator to perform some operations on raster layers.
We will also explain what are no—data values and how the calculator and other algorithms deal with them

The raster calculator is one of the most powerful algorithms that you will find. It’s a very flexible and versatile
algorithm that can be used for many different calculations, and one that will soon become an important part of
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your toolbox.

In this lesson we will be performing some calculation with the raster calculator, most of them rather simple. This
will let us see how it is used and how it deals with some particular situations that it might find. Understanding that
is important to later get the expected results when using the calculator, and also to understand certain techniques
that are commonly applied with it.

Open the QGIS project corresponding to this lesson and you will see that it contains several raster layers.

Now open the toolbox and open the dialog corresponding to the raster calculator.

I} Raster calculator x|

T T ——
Parameters | log | Help |

Raster layers

0 elements selected I}

Formula

[ |

Result

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

u 0% ]

Rn || Cose || concel |

00O 0O : The interface is different in recent versions.

The dialog contains 2 parameters.

* The layers to use for the analysis. This is a multiple input, that meaning that you can select as many layers
as you want. Click on the button on the right-hand side and then select the layers that you want to use in
the dialog that will appear.

e The formula to apply. The formula uses the layers selected in the above parameter, which are named using
alphabet letters (a, b, c...)orgl, g2, g3... asvariable names. That is, the formulaa + 2 =«
b is the same as g1 + 2 x g2 and will compute the sum of the value in the first layer plus two times
the value in the second layer. The ordering of the layers is the same ordering that you see in the selection
dialog.

O O : The calculator is case sensitive.

To start with, we will change the units of the DEM from meters to feet. The formula we need is the following one:

h’ = h %= 3.28084

Select the DEM in the layers field and type a = 3.28084 in the formula field.
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39 99 ELET)

O O: For non English users: use always ”.”, not ”’,

Click Run to run the algorithm. You will get a layer that has the same appearance of the input layer, but with
different values. The input layer that we used has valid values in all its cells, so the last parameter has no effect at
all.

Let’s now perform another calculation, this time on the accflow layer. This layer contains values of accumulated
flow, a hydrological parameter. It contains those values only within the area of a given watershed, with no—data
values outside of it. As you can see, the rendering is not very informative, due to the way values are distributed.
Using the logarithm of that flow accumulation will yield a much more informative representation. We can calculate
that using the raster calculator.

Open the algorithm dialog again, select the accflow layer as the only input layer, and enter the following formula:
log(a).

Here is the layer that you will get.

If you select the Identify tool to know the value of a layer at a given point, select the layer that we have just created,
and click on a point outside of the basin, you will see that it contains a no—data value.
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Feature A | value
-0 log_layer
= log_layer
- (Derived)
“ Band 1 no data

FEF (B[ [=][ g [ ne

For the next exercise we are going to use two layers instead of one, and we are going to get a DEM with valid
elevation values only within the basin defined in the second layer. Open the calculator dialog and select both layers
of the project in the input layers field. Enter the following formula in the corresponding field:

a/a ~ b

a refers to the accumulated flow layer (since it is the first one to appear in the list) and b refers to the DEM. What
we are doing in the first part of the formula here is to divide the accumulated flow layer by itself, which will result
in a value of 1 inside the basin, and a no—data value outside. Then we multiply by the DEM, to get the elevation
value in those cells inside the basin (DEM % 1 = DEM) and the no—data value outside (DEM * no_data =
no_data)

Here is the resulting layer.

This technique is used frequently to mask values in a raster layer, and is useful whenever you want to perform
calculations for a region other that the arbitrary rectangular region that is used by raster layer. For instance, an
elevation histogram of a raster layer doesn’t have much meaning. If it is instead computed using only values
corresponding to a basin (as in he case above), the result that we obtain is a meaningful one that actually gives
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information about the configuration of the basin.

There are other interesting things about this algorithm that we have just run, apart from the no—data values and
how they are handled. If you have a look at the extents of the layers that we have multiplied (you can do it
double—clicking on their names of the layer in the table of contents and looking at their properties), you will see
that they are not the same, since the extent covered by the flow accumulation layer is smaller that the extent of the
full DEM.

That means that those layers do not match, and that they cannot be multiplied directly without homogenizing
those sizes and extents by resampling one or both layers. However, we did not do anything. QGIS takes care of
this situation and automatically resamples input layers when needed. The output extent is the minimum covering
extent calculated from the input layers, and the minimum cell size of their cellsizes.

In this case (and in most cases), this produces the desired results, but you should always be aware of the additional
operations that are taking place, since they might affect the result. In cases when this behaviour might not be the
desired, manual resampling should be applied in advance. In later chapters, we will see more about the behaviour
of algorithms when using multiple raster layers.

Let’s finish this lesson with another masking exercise. We are going to calculate the slope in all areas with an
elevation between 1000 and 1500 meters.

In this case, we do not have a layer to use as a mask, but we can create it using the calculator.
Run the calculator using the DEM as only input layer and the following formula

ifelse (abs (a—-1250) < 250, 1, 0/0)

As you can see, we can use the calculator not only to do simple algebraic operations, but also to run more complex
calculation involving conditional sentences, like the one above.

The result has a value of 1 inside the range we want to work with, and no-data in cells outside of it.

-

The no-data value comes from the 0/0 expression. Since that is an undetermined value, SAGA will add a NaN
(Not a Number) value, which is actually handled as a no-data value. With this little trick you can set a no-data
value without needing to know what the no—data value of the cell is.

Now you just have to multiply it by the slope layer included in the project, and you will get the desired result.

All that can be done in a single operation with the calculator. We leave that as an exercise for the reader.
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17.11 Vector calculator

O 00O : Inthis lesson we will see how to add new attributes to a vector layer based on a mathematical expression,
using the vector calculator.

We already know how to use the raster calculator to create new raster layers using mathematical expressions. A
similar algorithm is available for vector layers, and generates a new layer with the same attributes of the input
layer, plus an additional one with the result of the expression entered. The algorithm is called Field calculator and
has the following parameters dialog.

4 Field calculator x|

Parameters Log Help

™
Input layer

[ca‘lms_bomdaﬁes [USER:100001] | h " o ]

Result field name

[ ]
Field type

[ Float | - ]
Field length

10 =
Field predsion

E <
Farmula

[ ]
Qutput layer

[ [Save to temporary file] ][ ]

[%¢| Open output file after running algarithm

OO DO : Innewer versions of Processing the interface has changed considerably, it’s more powerful and easier to
use.

Here are a couple of examples of using that algorithm.

First, let’s calculate the population density of white people in each polygon, which represents a census. We have
two fields in the attributes table that we can use for that, namely WHITE and SHAPE_AREA. We just have to
divide them and multiply by one million (to have density per square km), so we can use the following formula in
the corresponding field

( WHITE / SHAPE_AREA ) = 1000000

The parameters dialog should be filled as shown below.
This will generate a new field named WHITE_DENS

Now let’s calculate the ratio between the MALES and FEMALES fields to create a new one that indicates if male
population is numerically predominant over female population.

Enter the following formula
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¢ Field calculator

WHITE / SHAPE_AREA

[5ave to temparary file]

"MALES" / "FEMALES"

This time the parameters window should look like this before pressing the OK button.
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i Field calculator x|

Parameters Log Help

[*)

Input layer

 census_boundaries [USER: 100001] - 2]
Result field name

| RATIO ]
Field type

Float -]
Field length

Farmula

| float{MALES) /FEMALES ]
Output layer

[ [Save to temporary file] ][ ]

[%| Open output file after running algorithm

KD

100%

(o [ cow  [_cous |

In earlier version, since both fields are of type integer, the result would be truncated to an integer. In this case the
formula shouldbe: 1.0 x* "MALES" / "FEMALES", to indicate that we want floating point number a result.

We can use conditional functions to have a new field with male or female text strings instead of those ratio
value, using the following formula:

CASE WHEN "MALES" > "FEMALES" THEN ’'male’ ELSE ’female’ END

The parameters window should look like this.
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i Field calculator x|

Parameters Log Help

| [*)

Input layer

census_boundaries [USER: 100001] N ]
Result field name

| PREDOMIN |
Field type

String -]
Field length

|10 =]
Field predsion

E =

Formula

| 'male’ if MALES > FEMALES else ‘female’ |
Output layer
[ [5ave to temparary file] ][ ]

[%| Open output file after running algorithm

[«I*]

100%

(o [ cow  [_cous |

A python field calculator is available in the Advanced Python field calculator, which will not be detailed here
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{} Advanced Python field calculator

Parameters | Log Help

Input layer

[cam_bou‘rdaﬁes [USER: 100001]

Result field name

[NewFieId

Field type

Integer

Field length

Global expression

Formula

value =

Output layer

[ [Save to temporary file]

[%| Open output file after running algorithm

|| cose || concel

17.12 Defining extents

O 00O : In this lesson we will see how to define extents, which are needed by some algorithms, especially raster
ones.

Some algorithms require an extent to define the area to be covered by the analysis they perform, and usually to
define the extent of the resulting layer.

When an extent is required, it can be defined manually by entering the four values that define it (min X, min Y,
max X, max Y), but there are other more practical and more interesting ways of doing it as well. We will see all
of them in this lesson.

First, let’s open an algorithm that requires an extent to be defined. Open the Shapes fo grid algorithm, which
creates a raster layer from a vector layer.
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i} Shapes to grid x|

Parameters Log Help

Shapes

| union [EPSG:23030] | v]
Attribute

D -]
Method for Multiple Values

o] first -
Method for Lines

101 thin M
Preferred Target Grid Type

| [0] Integer (1 byte) -]

Qutput extent{xmin, xmax, ymin, ymax)

[ [Leave blank to use min covering extent] ” I

Cellsize

Ex [—

Grid

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

[ fn ][ ox ][ oo |

All the parameters, except for the last two ones, are used to define which layer is to be rasterized, and configure
how the rasterization process should work. The two last parameters, on the other hand, define the characteristics
of the output layer. That means that they define the area that is covered (which is not necesarily the same area
covered by the input vector layer), and the resolution/cellsize (which cannot be infered from the vector layer, since
vector layers do not have a cellsize).

The first thing you can do is to type the 4 defining values explained before, separated by commas.
Cutput extent{xmin, xmax, ymin, ymax)

0,90,0,90 ”

That doesn’t need any extra explanation. While this is the most flexible option, it is also the less practical in some
cases, and that’s why other options are implemented. To access them, you have to click on the button on the
right-hand side of the extent text box.

Use layer fcanvas extent k

Select extent on canvas

Ilse min convering extent from input layers

Let’s see what each one of them does.

The first option is Use layer/canvas extent, which will show the selection dialog shown below.
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0 Select extent

IJse extent from

Use canvas extent

Here you can select the extent of the canvas (the extent covered by the current zoom), or the extension any of the
available layers. Select it and click on OK, and the text box will be automatically filled with the corresponding
values.

The second option is Select extent on canvas. In this case, the algorithm dialog disappears and you can click and
drag on the QGIS canvas to define the desired extent.

Once you release the mouse button, the dialog will reappear and the text box will already have the values corre-
sponding to the defined extent.

The last option is Use min covering extent from input layers, which is the default option. This will compute the
min covering extent of all layers used to run the algorithm, and there is no need to enter any value in the text box.
In the case of a single input layer, as in the algorithm we are running, the same extent can be obtained by selecting
that same input layer in the Use layer/canvas extent that we already saw. However, when there are several input
layers, the min covering extent does not correspond to any of the input layer extent, since it is computed from all
of them together.

We will use this last method to execute our rasterization algorithm.

Fill the parameters dialog as shown next, and press OK.
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{} Shapes to grid

Parameters Log Help

x|

Shapes

 watersheds [EPSG:23030]

Attribute

D

Method for Multiple Values

o] first

Method for Lines

| [0] thin

Preferred Target Grid Type

| [3] Floating Point (4 byte)

Qutput extent{xmin, xmax, ymin, ymax)

[ [Leave blank to use min covering extent]

Cellsize

|2

Grid

[Save to temporary file]

[%| Open output file after running algorithm

100%

_ Rw | des

| [ conel |

OO O: In this case, better use an Integer (1 byte) instead of a Floating point (4 byte), since the ID is an integer

with maximum value=63. This will result in a smaller file size and faster computations.

You will get a rasterized layer that covers exactly the area covered by the original vector layer.
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T T

In some cases, the last option, Use min covering extent from input layers, might not be available. This will happen
in those algorithm that do not have input layers, but just parameters of other types. In that case, you will have to
enter the value manually or use any of the other options.

Notice that, when a selection exist, the extent of the layer is that of the whole set of features, and the selection is
not used to compute the extent, even though the rasterization is executed on the selected items only. In that case,
you might want to actually create a new layer from the selection, and then use it as input.

17.13 HTML outputs

OO0¢: In this lesson we learn how QGIS handles outputs in HTML format, which are used to produce text
outputs and graphs.

All the outputs we have produced so far were layers (whether raster or vector). However, some algorithms generate
outputs in the form of text and graphics. All this outputs are wrapped in HTML files and displayed in the so—called
Results viewer, which is another element of the processing framework.

Let’s see one of those algorithms to understand how they work.

Open the project with the data to be used in this lesson and then open the Basic statistics for numeric fields
algorithm.
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{§ Basic statistics for numeric fields

[Save to temporary file]

The algorithm is rather simple, and you just have to select the layer to use and one of its field (a numeric one).
The output is of type HTML, but the corresponding box works exactly like the one that you can find in the case
of a raster or vector output. You can enter a filepath or leave it blank to save to a temporary file. In this case,
however, only the htm1 and htm extensions are allowed, so there is no way of altering the output format by using
a different one.

Run the algorithm selecting the only layer in the project as input, and the POP2000 field, and a new dialog like
the one shown next will appear once the algorithm is executed and the parameters dialog is closed.
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G resutts 2]

----- Statistics for numeric field Count: 485

Unique values: 403

Minimum value: 0.0

Maximum value: 3198.0

Range: 3198.0

Sum: 554636.0

Mean value: 114357938144

Median value: 1074.0

Standard deviation: 527 408287222
Coefficient of Variation: 0.461190797753

This is the Results viewer. It keeps all the HTML result generated during the current session, easily accessible,
so you can check them quickly whenever you need it. As it happens with layers, if you have saved the output to
a temporary file, it will be deleted once you close QGIS. If you have saved to a non-temporary path, the file will
remain, but it will not appear in the Results viewer the next time you open QGIS.

Some algorithms generate text that cannot be divided into other more detailed outputs. That is the case if, for
instance, the algorithm captures the text output from an external process. In other cases, the output is presented as
text, but internally is divided into several smaller outputs, usually in the form of numeric values. The algorithm
that we have just executed is one of them. Each one of those values is handled as a single output, and stored in a
variable. This has no importance at all now, but once we move to the graphical modeler, you will see that it will
allow us to use those values as numeric inputs for other algorithms.

17.14 First analysis example

OO0 0O: In this lesson we will perform some real analysis using just the toolbox, so you can get more familiar
with the processing framework elements.

Now that everything is configured and we can use external algorithms, we have a very powerful tool to perform
spatial analysis. It is time to work out a larger exercise with some real-world data.

We will be using the well-known dataset that John Snow used in 1854, in his groundbreaking work
(http://en.wikipedia.org/wiki/John_Snow_%28physician%29), and we will get some interesting results. The anal-
ysis of this dataset is pretty obvious and there is no need for sofisticated GIS techniques to end up with good
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results and conclusions, but it is a good way of showing how these spatial problems can be analyzed and solved
by using different processing tools.

The dataset contains shapefiles with cholera deaths and pump locations, and an OSM rendered map in TIFF
format. Open the corresponding QGIS project for this lesson.

P &k
el ) 8

The first thing to do is to calculting the Voronoi diagram (a.k.a. Thyessen polygons) of the pumps layer, to get the
influence zone of each pump. The Voronoi Diagram algorithm can be used for that.
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f§ Voronoi Diagram

[Save to temporary file]
®

Pretty easy, but it will already give us interesting information.
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Clearly, most cases are within one of the polygons

To get a more quantitative result, we can count the number of deaths in each polygon. Since each point represents
a building where deaths occured, and the number of deaths is stored in an attribute, we cannot just count the points.
We need a weighted count, so we will use the Count points in polygon (weighted) tool.
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{§ Count points in polygon({weighted)

Save to temporary file]

The new field will be called DEATHS, and we use the COUNT field as weighting field. The resulting table clearly
reflects that the number of deaths in the polygon corresponding to the first pump is much larger than the other
ones.
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Another good way of visualizing the dependence of each point in the Cholera_deaths layer with a point in
the Pumps layer is to draw a line to the closest one. This can be done with the Distance to closest hub tool, and
using the configuration shown next.
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{} Distance to nearest hub

[Save to temporary file]

x|

The result looks like this:

476 Chapter17. QGISOOUOOO0OOOO



QGIS Training Manual, D OO0 2.8

Although the number of lines is larger in the case of the central pump, do not forget that this does not represent the
number of deaths, but the number of locations where cholera cases were found. It is a representative parameter,
but it is not considering that some locations might have more cases than other.

A density layer will also give us a very clear view of what is happening. We can create it with the Kernel density
algorithm. Using the Cholera_deaths layer, its COUNT field as weight field, with a radius of 100, the extent and
cellsize of the streets raster layer, we get something like this.
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Remember that, to get the output extent, you do not have to type it. Click on the button on the right-hand side and
select Use layer/canvas extent.
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{} Kernel density estimation x|

Parameters Log Help

Points

| Cholera_Deaths [USER: 100000] |~ ]

Weight

[count =]
Radius

[ 100 =
Kernel

[ [0] quartic kernel | - ]
Target Grid

| [0] user defined =]
Cutput extent{xmin, xmax, ymin, ymax)

[ [Leave blank to use min covering extent] ”

Use layerfcanvas extent

Cellsize
Select extent on canvas k
[ 1 H " Use min convering extent from input layers
Grid -
P [ 1 E‘
I 0% l
[ Run l [ Close ] [ Cancel ]

Select the streets raster layer and its extent will be automatically added to the text field. You must do the same
with the cellsize, selecting the cellsize of that layer as well.

Combining with the pumps layer, we see that there is one pump clearly in the hotspot where the maximum density
of death cases is found.

17.15 Clipping and merging raster layers

OO 0O: In this lesson we will see another example of spatial data preparation, to continue using geoalgorithms
in real-world scenarios.

For this lesson, we are going to calculate a slope layer for an area surrounding a city area, which is given in a
vector layer with a single polygon. The base DEM is divided in two raster layers that, together, cover an area
much larger than that around the city that we want to work with. If you open the project corresponding to this
lesson, you will see something like this.
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These layers have two problems:

* They cover an area that is too large for what we want (we are interested in a smaller region around the city
center)

* They are in two different files (the city limits fall into just one single raster layer, but, as it’s been said, we
want some extra area around it).

Both of them are easily solvable with the appropriate geoalgorithms.

First, we create a rectangle defining the area that we want. To do it, we create a layer containing the bounding box
of the layer with the limits of the city area, and then we buffer it, so as to have a raster layer that covers a bit more
that the strictly necessary.

To calculate the bounding box , we can use the Polygon from layer extent algorithm
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i Polygon from layer extent

[Save to temporary file]
1

To buffer it, we use the Fixed distance buffer algorithm, with the following parameter values.

I} Fixed distance buffer

[Save to temporary file]
%

Here is the resulting bounding box obtained using the parameters shown above
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It is a rounded box, but we can easily get the equivalent box with square angles, by running the Polygon from layer
extent algorithm on it. We could have buffered the city limits first, and then calculate the extent rectangle, saving
one step.

You will notice that the rasters has a different projection from the vector. We should therefore reproject them
before proceeding further, using the Warp (reproject) tool.
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-
Parameters | Log Help
Input layer
dem2 [EP5G:4269] v

Source SRS (EPSG Code)

Destination SRS (EP5G Code)

PS5G:4326

Output file resolution in target georeferenced units (leave O for no change)

0,000000

Resampling method
near ac

Additional creation parameters

Output layer

[Save to temporary file]

¥ Open output file after running algorithm

Run Close

OO O: Recent versions have a more complex interface. Select at least one compression method.

With this layer that contains the bounding box of the raster layer that we want to obtain, we can crop both of the
raster layers, using the Clip grid with polygon algorithm.
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&y Clip Grid with Polygon

[Save to temporary file]

x|

Once the layers have been cropped, they can be merged using the GDAL Merge algorithm.

i Merge raster layers

0.0002F 7777777778

[Save to temporary file]
%
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0 O: The following paragraph is obsolete.

A cellsize is needed for the merged layer. We will use the same one of the input ones. You do not need to know it
in advance before calling the algorithm. Just click on the button in the right—hand size of the text field and you will
have a dialog to enter small mathematical formulas, and a list of frequently used values, among them the cellsizes
and bounding coordinates of all available layers.

OO0O: You can save time merging first and then cropping, and you will avoid calling the clipping algorithm
twice. However, if there are several layers to merge and they have a rather big size, you will end up with a large

layer than it can later be difficult to process. In that case, you might have to call the clipping algorithm several
times, which might be time consuming, but don’t worry, we will soon see that there are some additional tools to
automate that operation. In this example, we just have two layers, so you shouldn’t worry about that now.

With that, we get the final DEM we want.

Now it is time to compute the slope layer.

A slope layer can be computed with the Slope, Aspect, Curvature algorithm, but the DEM obtained in the last step
is not suitable as input, since elevation values are in meters but cellsize is not expressed in meters (the layer uses
a CRS with geographic coordinates). A reprojection is needed. To reproject a raster layer, the Warp (reproject)
algorithm can be used again. We reproject into a CRS with meters as units (e.g. 3857), so we can then correctly
calculate the slope, with either SAGA or GDAL.

Here is the reprojected DEM.

17.15. Clipping and merging raster layers 485



QGIS Training Manual, 0 000 2.8

With the new DEM, slope can now be computed.
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{} Slope, Aspect, Curvature

[Save to temporary file]

[Save to temporary file]

[Save to temporary file]

[Save to temporary file]

[Save to temparary file]

And here is the resulting slope layer.
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The slope produced by the Slope, Aspect, Curvature algorithm is expressed in radians, but degrees are a more
practical and common unit. The Metric conversions algorithm will help us to do the conversion (but in case you
didn’t know that algorithm existed, you could use the raster calculator that we have already used).
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t§ Metric Conversions x|

Parameters Log Help

Grid

[slope | b ” l
Conwersion

[ [0] radians to degree | h l
Converted Grid

[ [Save to temparary file] ” l

[%| Open output file after running algorithm

[ 0% )

ok || ose || conel |

Reprojecting the converted slope layer back with the Reproject raster layer, we get the final layer we wanted.

O0O: todo: Add image

The reprojection processes have caused the final layer to contain data outside the bounding box that we calculated
in one of the first steps. This can be solved by clipping it again, as we did to obtain the base DEM.

17.16 Hydrological analysis

OO0 0O: In this lesson we will perform some hydrological analysis. This analysis will be used in some of the
following lessons, as it constitutes a very good example of an analysis workflow, and we will use it to demonstrate

some advanced features.

In this lesson, we are going to do some hydrological analysis. Starting with a DEM, we are going to extract a
channel network, delineate watersheds and calculate some statistics.

The first thing is to load the project with the lesson data, which just contains a DEM.
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The first module to execute is Catchment area. You can use anyone of the others named Catchment area. They
have different algorithms underneath, but the results are basically the same.

Select the DEM in the Elevation field, and leave the default values for the rest of parameters.

) Catchment Area (Parallel) x|

Parameters Help

Elevation

s &
Sink Routes

Dot B ——
Weight

Dot B ——
Material

Dotz B ——
Dot 5
Step

1 =
Method

| [0] Deterministic 8 e

Linear Flow
[ -
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Some algorithms calculate many layers, but the Catchment Area one is the only one we will be using.
You can get rid of the other ones if you want.

The rendering of the layer is not very informative.

To know why, you can have a look at the histogram and you will see that values are not evenly distributed (there
are a few cells with very high value, those corresponding to the channel network). Calculating the logarithm of the
catchment area value yields a layer that conveys much more information (you can do it using the raster calculator).
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The catchment area (also known as flow accumulation), can be used to set a threshold for channel initiation. This
can be done using the Channel network algorithm. Here is how you have to set it up (note the Initiation threshold
Greater than 10.000.000).
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f§ Channel Network

10000000|

[5ave to temparary file]

[Save to temporary file]

[Save to temporary file]

Use the original catchment area layer, not the logarithm one. That one was just for rendering purposes.

If you increase the Initiation threshold value, you will get a more sparse channel network. If you decrease it, you
will get a denser one. With the proposed value, this is what you get.
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The image above shows just the resulting vector layer and the DEM, but there should be also a raster one with the
same channel network. That raster one will be, in fact, the one we will be using.

Now, we will use the Watersheds basins algorithm to delineate the subbasins corresponding to that channel net-
work, using as outlet points all the junctions in it. Here is how you have to set the corresponding parameters
dialog.
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{§ Watershed Basins x|
Parameters Help

Elevation

e H
Channel Network

| Channel Network l#) . ]
Sink Route

ot o
Min, Size

0 =

Watershed Basins

[ [Save to temparary file] ” l

[%| Open output file after running algorithm

And this is what you will get.

This is a raster result. You can vectorise it using the Vectorising grid classes algorithm.
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{§ Vectorising Grid Classes x|

Parameters Help

Grid

| Watershed Basins - . ]

Class Selection

' [1] all dlasses d
Class Identifier

0 =
Vectorised dass as...

[ [0] one single (multi-)polygon object | VI
Polygons

[ [Save to temporary file] ” l

[%¢| Open output file after running algarithm

Now, let’s try to compute statistics about the elevation values in one of the subbasins. The idea is to have a layer
that just represents the elevation within that subbasin and then pass it to the module that calculates those statistics.
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First, let’s clip the original DEM with the polygon representing a subbasin. We will use the Clip grid with polygon
algorithm. If we select a single subbasin polygon and then call the clipping algorithm, we can clip the DEM to the
area covered by that polygon, since the algorithm is aware of the selection.

Select a polygon,

and call the clipping algorithm with the following parameters:
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{} Clip grid with polygon

Parameters Log Help

Input

| dema2s [EPSG:23030]

M

l

Polygons

[Pdmons [EPSG:23030]

=

2]

Output

[ [Save to temporary file]

[%| Open output file after running algorithm

The element selected in the input field is, or course, the DEM we want to clip.

You will get something like this.
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This layer is ready to be used in the Raster layer statistics algorithm.

{§ Raster layer statistics x|

Parameters Log Help

Input layer
e 2030 H
Statistics

[ [Save to temporary file] ” l

The resulting statistics are the following ones.

Valid cells: 241355

No-data cells: 14373

Minimum value: 771.0

Maximum value: 2080.0

Sum: 29923203 3423

Mean value: 1238.79955878
Standard deviation: 271 406236765

We will use both the basin calculations procedure and the statistics calculation in other lessons, to find out how
other elements can help us automate both of them and work more effectively.
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17.17 Starting with the graphical modeler

OO0O: In this lesson we will use the graphical modeler, a powerful component that we can use to define a
workflow and run a chain of algorithms.

A normal session with the processing tools includes more than running a single algorithm. Usually several of
them are run to obtain a result, and the outputs of some of those algorithms are used as input for some of the other
ones.

Using the graphical modeler, that workflow can be put into a model, which will run all the necessary algorithms
in a single run, thus simplifying the whole process and automating it.

To start this lesson, we are going to calculate a parameter named Topographic Wetness Index. The algorithm that
computes it is called Topographic wetness index (twi)

{} Topographic wetness index (bwi) x|

Parameters Log Help

Slope

[demz5 [EPSG:23030] |v][ ]
Catchment Area

[dem25 [EPSG:23030] |v][ ]

Transmissivity
Dot selected] M.

Area Conversion

[ [0] no conversion (areas already given as spedific catchment area) | - l
Method (TWI)
[ [0] Standard | vl

Topographic Wetness Index

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

wn ] [ _ome | [ oo |

As you can see, there are two mandatory inputs: Slope and Catchment area. There is also an optional input, but
we will not be using it, so we can ignore it.

The data for this lesson contains just a DEM, so we do not have any of the required inputs. However, we know
how to calculate both of them from that DEM, since we have already seen the algorithms to compute slope and
catchment area. So we can first compute those layers and then use them for the TWI algorithm.

Here are the parameter dialogs that you should use to calculate the 2 intermediate layers.
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t slope, aspect, curvature

[Save to temparary file]

[5ave to temparary file]

[Save to temporary file]

[Save to temporary file]
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I} Catchment area (recursive)

And this is how you have to set the parameters dialog of the TWI algorithm.
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{§ Topographic wetness index (twi) ﬂ
Parameters l Log | Help

Slope

[Tmng'aﬁcWehmIndex [EPSG:23030] | - ” . I
Catchment Area

| Catchment Area [EPSG:23030] =l - ]

Transmissivity

Mot selected] N
Area Conversion

|[1] 1/ cell size {pseudo specific catchment area) v
Method (TWI)

| [0] Standard R
Topographic Wetness Index

[ [Save to temporary file] ” . I
[%| Open output file after running algorithm

) 0% )

| R || cos || corcd |

This is the result that you will obtain (the default singleband pseudocolor inverted palette has been used for

rendering). You can use the twi .gml style provided.
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What we will try to do now is to create an algorithm that calculates the TWI from a DEM in just one single step.
That will save us work in case we later have to compute a TWI layer from another DEM, since we will need just

17.17. Starting with the graphical modeler 503



QGIS Training Manual, 0 000 2.8

one single step to do it instead of the 3 ones above. All the processes that we need are found in the toolbox, so
what we have to do is to define the workflow to wrap them. This is where the graphical modeler comes in.

Open the modeler by selecting its menu entry in the processing menu.

€ Processing modeler =lol x|
Inputs Algorithms [Enter model name here] [Enter group name here] ]

i Table field
- Vector layer

:

< E10]

[Edtmodeihep| | Run | | open || save || saveas.. || cose |

Two things are needed to create a model: setting the inputs that it will need, and defining the algorithm that
it contains. Both of them are done by adding elements from the two tabs in the left-hand side of the modeler
window: Inputs and Algorithms

Let’s start with the inputs. In this case we do not have much to add. We just need a raster layer with the DEM,
and that will be our only input data.

Double click on the Raster layer input and you will see the following dialog.

&y Parameter definition ed

Parameter name I I

Required [Yes | - ]

Here we will have to define the input we want. Since we expect this raster layer to be a DEM, we will call it DEM.
That’s the name that the user of the model will see when running it. Since we need that layer to work, we will
define it as a mandatory layer.

Here is how the dialog should be configured.
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} Parameter definition

Parameter name I DEM

Required

Click on OK and the input will appear in the modeler canvas.
Inputs Algorithms
El-Parameters

=10l x|
[Enter model name here] [Enter group name here]

‘4}' DEM éj

L ] [III]E
[umooree) e [ oen ] [_sme ] [smemo) o

Now let’s move to the Algorithms tab. The first algorithm we have to run is the Slope, aspect, curvature algorithm.
Locate it in the algorithm list, double—click on it and you will see the dialog shown below.
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t§ Slope, aspect, curvature 2=

Parameters Help

Elevation

DM M
Methaod

[ [0] Maximum Slope (Traviz et al. 1975) | v]
Slope <OutputRaster =

[ [Enter name if this is a final result] ]

Aspect<OutputRaster »

[ [Enter name if this is & final result] ]

Curvature <QOutputRaster >

[ [Enter name if this is a final result] ]

Plan Curvature <QutputRaster =

[ [Enter name if this is a final result] ]
Profile Curvature <QutputRaster =

[ [Enter name if this is a final result] ]

Parent algorithms

0 elements selected :]

Lo ] ol

[«

This dialog is very similar to the one that you can find when running the algorithm from the toolbox, but the
element that you can use as parameter values are not taken from the current QGIS project, but from the model
itself. That means that, in this case, we will not have all the raster layers of our project available for the Elevation
field, but just the ones defined in our model. Since we have added just one single raster input named DEM, that
will be the only raster layer that we will see in the list corresponding to the Elevation parameter.

Output generated by an algorithm are handled a bit differently when the algorithm is used as a part of a model.
Instead of selecting the filepath where you want to save each output, you just have to specify if that ouput is an
intermediate layer (and you do not want it to be preserved after the model has been executed), or it is a final one.
In this case, all layers produced by this algorithm are intermediate. We will only use one of them (the slope layer),
but we do not want to keep it, since we just need it to calculate the TWI layer, which is the final result that we
want to obtain.

When layers are not a final result, you should just leave the corresponding field. Otherwise, you have to enter a
name that will be used to identify the layer in the parameters dialog that will be shown when you run the model
later.

There is not much to select in this first dialog, since we do not have but just one layer in or model (The DEM input
that we created). Actually, the default configuration of the dialog is the correct one in this case, so you just have
to press OK. This is what you will now have in the modeler canvas.
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€ Processing modeler o o] 4
Inputs Algorithms [Enter model name here] [Enter group name here] ]
slope L] ]
Bl Geoalgorithms
El- Domain specific - ®
- B8 Hydrology DEM
; & Upslope Area
El- Terrain analysis and geomarphometry
@ Downslope distance gradient
@ Dtm filter {slope-based) - In
@ @ Relative heights and slope positions x
Slope length ‘G Slope, aspect, curvature §|
ESIu:.pe, aspect, curvature
B- Images Out
El- Image analysis
@ \iegetation index[slope based]
< (I
’Editmodelheb] [ Run ] [ Open ] [ Save ] [ Save as ... ] [ Close ]

The second algorithm we have to add to our model is the catchment area algorithm. We will use the algorithm
named Catchment area (Paralell). We will use the DEM layer again as input, and none of the ouputs it produces
are final, so here is how you have to fill the corresponding dialog.
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{§ Catchment area (parallel)

Now your model should look like this.
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-ioix
Inputs Algorithms [Enter model name here] [Enter group name here]
catch & l -
(= Geoalgorithms
Ek Domain specific ®
El- % Hydrology % DEM &
>@ Catchment area (flow tracing)
- &8 Catchment area {mass-flux method)
Catchment area (parallel) i
; @ Catchment area (recursive) ——» In
@ Flow width and specific catchment a... =
‘@ Slope, aspect, curvature ‘é‘
Out
In
‘@ Catchment area (parallel) g
Out
1] Ei)
[Ed.ltmodelhelp] l Run ] [ Open ] [ Save ] [ Save as ... l [ Close ]
The last step is to add the Topographic wetness index algorithm, with the following configuration.
{§ Topographic wetness index (twi) ed
Parameters Help
Slope
[Slope from algorithm 0{Slope, aspect, curvature) | vl
Catchment Area

[Catd’wa'lt Area from algorithm 1(Catchment area (parallel))

Transmissivity

' [Not selected]

Area Conversion

[ [1] 1/ cell size (pseudo specific catchment area)

Method (TWI)

| [0] Standard

Topographic Wetness Index <QutputRaster =

T

Parent algorithms

0 elements selected

Ok

| cancel

In this case, we will not be using the DEM as input, but instead, we will use the slope and catchment area layers
that are calculated by the algorithms that we previously added. As you add new algorithms, the outputs they
produce become available for other algorithms, and using them you link the algorithms, creating the workflow.

In this case, the output TWI layer is a final layer, so we have to indicate so. In the corresponding textbox, enter
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the name that you want to be shown for this output.

Now our model is finished and it should look like this.

€} Processing modeler i =] 5]
Inputs Algarithms TWI from DEM My Models
[ Parameters -
i Boolean [l
®
a7 DEM 2
- Table field
- Vector layer T eln

o
‘@ Slope, aspect, curvature é‘

In

e
‘G Catchment area (parallel) &

Out

"3
G Topographic wetness inde...&

Out

IS

Ll

&

[Edtmodelhep] | Run ||

QOpen

) |

Save

Close

]

Enter a name and a group name in the upper part of the model window, and then save it clicking on the Save

button.

TWI from DEM [y Mocels

23

/F@:

o9F DEM

/

-

You can save it anywhere you want and open it later, but if you save it in the models folder (which is the folder
that you will see when the save file dialog appears), you model will also be available in the toolbox as well. So

stay on that folder and save the model with the filename that you prefer.

Now close the modeler dialog and go to the toolbox. In the Models entry you will find you model.

-- Geoalgorithms
= hﬂ. Models
i [Zh My Models

[ [Example models]
[ [Test models]

- @ scripts

TWI from DEM

You can run it just like any normal algorithm, double—clicking on it.
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5,

Parameters | Log | Help |

DEM

raster [EPSG: 23030] | :]
TWI

[Save to temporary file]

® Open output file after running algorithm

[ 0% ]
Run Close

As you can see, the parameters dialog, contain the input that you added to the model, along with the outputs that
you set as final when adding the corresponding algorithms.

Run it using the DEM as input and you will get the TWI layer in just one single step.

17.18 More complex models

O 00O : In this lesson we will work with a more complex model in the graphical modeler.

The first model that we created in the previous chapter was a very simple one, with just one input and 3 algorithms.
More complex models can be created, with different types of inputs and containing more step. For this chapter we
will work with a model that creates a vector layer with watersheds, based on a DEM and a threshold value. That
will be very useful for calculating several vector layers corresponding to different thresholds, without having to
repeat each single step each time.

This lesson does not contain instructions about how to create you model. You already know the necessary steps
(we saw them in a previous lesson) and you have already seen the basic ideas about the modeler, so you should try
it yourself. Spend a few minutes trying to create your model, and don’t worry about making mistakes. Remember:
first add the inputs and then add the algorithms that use them to create the workflow.

In case you could not create the full model yourself and you need some extra help, the data folder corresponding
to this lesson contains an ‘almost’ finished version of it. Open the modeler and then open the model file that you
will find in the data folder. You should see something like this.

17.18. More complex models 511



QGIS Training Manual, 0 000 2.8

€} Processing modeler =10l x|
Inputs Algarithms Watershed from DEM and threshold [Example models]

[ Parameters -
i~ Boolean

-~ Extent

- File: =
-+ Mumber ‘e‘}. 2= é‘
- Raster Layer
- String
- Table | In
+Table field
Lo vector | : ®
T layer In ‘@ Watershed basins ‘é‘
Out
‘@ Fill Sinks g‘
Out I
n
@ . ) xn
“ectorising grid classes &
—&1In Cut

& catchment area (parallel) g‘

out b—\
In

‘G Channel network &
out me

e )

o] | mn | _om | e | sem | oo

This model contains all the steps needed to complete the calculation, but it just has one input: the DEM. That
means that the threshold for channel definition use a fixed value, which makes the model not as useful as it could
be. That is not a problem, since we can edit the model, and that is exactly what we will do.

First, let’s add a numerical input. That will ask the user for a numerical input that we can use when such a value
is needed in any of the algorithms included in our model. Click on the Number entry in the inputs tree, and you
will see the corresponding dialog. Fill it with the values shown next.

{} Parameter definition 2=

Parameter name [Threshuld for channel definition ]
MinMax ualues[ ] ][ ]
Default value I 1000000 I

Now your model should look like this.
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{} Processing modeler -3 x|
Inputs Algorithms. Watershed from DEM and threshold [Example models]
El- Parameters -
- Boolean
- Extent =3 =
File
e |%}- DEM i |%- Threshald for channel def... £|
- Raster Layer
- String
Table In

+ Table field
- Viector layer In |G Watershed basins §|

|@ Fill Sinks §| out

Out
In
|@ Wectorising grid classes §|
—& In
Cut
|G Catchment area (parallel) ‘§|
Out
(1‘ Watersheds |
In
|$ Channel network |§|
out me—"
| £
[Edtmodelheb] [ Run ] [ Open ] [ Save ] [ Save as .. ] [ Close ]

The input that we have just added is not used, so the model hasn’t actually changed. We have to link that input
to the algorithm that uses it, in this case the Channel network one. To edit an algorithm that already exists in the
modeler, just click on the pen icon on the corresponding box in the canvas. If you click on the Channel network

algorithm, you will see something like this.

{§ Channel network

Parameters Help

2=

Elevation

FY

| DEM

Flow Direction

| [Not selected]

Initiation Grid

[Catd’rna‘lt Area from algorithm 1(Catchment area (parallel))

Initiation Type

| [2] Greater than

Initiation Threshold

| 1000000

Divergence

' [Not selected]

Tracing: Max. Divergence

|10

Tradng: Weight

| [Not selected]

Min. Segment Length

10

The dialog is filled with the current values used by the algorithm. You can see that the threshold parameter has a
fixed value of 1,000,000 (this is also the default value of the algorithm, but any other value could be put in there).
However, you might notice that the parameter is not entered in a common text box, but in an option menu. If you
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unfold it, you will see something like this.

i Channel network 21x
Parameters Help

Elevation B

DM -]

Flow Direction

| INot selected] [+

Initiation Grid

| Catchment Area from algorithm 1(Catchment area (parallel)) v

Initiation Type

' [2] Greater than v

Initiation Thresheld

1000000

| Mot selected] ~]

Tracing: Max. Divergence

10 M

Tracing: Weight

| INot selected] [+

Min. Segment Length -

|10 =] E
Lok | concd |

The input that we added is there and we can select it. Whenever an algorithm in a model requires a numerical
value, you can hardcode it and directly type it, or you can use any of the available inputs and values (remember
that some algorithms generate single numerical values. We will see more about this soon). In the case of a string
parameter, you will also see string inputs and you will be able to select one of them or type the desired fixed value.

Select the Threshold input in the Threshold parameter and click on OK to apply the changes to your model. Now
the design of the model should look like this.
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{} Processing modeler ]
@ Watershed from DEM and threshold [Example models]
= Parameters

- Table field
- Viector layer
®

& Fill sinks ‘G Watershed basins f‘

Qut

In

—=In ‘G ectorising grid classes 3‘

Cut -

G Catchment area (parallel) Q‘

Out

‘G Channel network §|
out -~

ﬂ “» watersheds ‘

(v |
[Estmocebeb) [ [ open J[ swe ] soess.. [ oo |

The model is now complete. Try to run it using the DEM that we have used in previous lessons, and with different
threshold values. Here you have a sample of the result obtained for different values. You can compare with the
result for the default value, which is the one we obtained in the hydrological analysis lesson.

Threshold = 100,000
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Threshold = 1,0000,000

17.19 Numeric calculations in the modeler

O O: Beware, this chapter is not well tested, please report any issue; images are missing

O 00O : In this lesson we will see how to use numeric outputs in the modeler

For this lesson, we are going to modify the hydrological model that we created in the last chapter (open it in the
modeler before starting), so we can automate the calculation of a valid threshold value and we do not have to ask
the user to enter it. Since that value refers to the variable in the threshold raster layer, we will extract it from that
layer, based on some simple statistical analysis.

Starting with the aforementioned model, let’s do the following modifications:

First, calculate statistics of the flow accumulation layer using the Raster layer statistics algorithm.
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{§ Raster layer statistics

[Enter name if this is a final result]

This will generate a set of statistical values that will now be available for all numeric fields in other algorithms.

If you double click on the Channel network algorithm to modify it, as we did in the last lesson, you will see now
that you have other options apart from the numeric input that you added.
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{§ Channel network 2=

Parameters Help

Elevation

DEM -]

Flow Direction

| [Not selected] -
Initiation Grid

[Catd"lrnent Area from algorithm 1(Catchment area (parallel)) | v]
Initiation Type

[ [2] Greater than | v]
Initiation Thresheld

Threshold for channel definition

Threshald for channel definition 3 L.
Minimum value from algorithm 5(Raster layer statistics)

Maximum value from algorithm 5(Raster layer statistics)

Sum from algorithm S(Raster layer statistics)

Mean value from algorithm S{Raster layer statistics)

valid cells count from algorithm S{Raster layer statistics)

Mo-data cells count from algorithm S(Raster layer statistics)

Standard deviation from algorithm 5{Raster layer statistics)

' [Not selected] R

Min. Segment Length "

[ 10 hd E
o | concel |

However, none of this values is suitable for being used as a valid threshold, since they will result in channel
networks that will not be very realistic. We can, instead, derive some new parameter based on them, to get a better
result. For instance, we can use the mean plus 2 times the standard deviation.

To add that arithmetical operation, we can use the calculator that you will find in the
Geoalgorithms/modeler/modeler-tools group. This group contains algorithms that are not very useful out-
side of the modeler, but that provide some useful functionality when creating a model.

The parameters dialog of the calculator algorithm looks like this:

i Calculator 7| x|

You can refer to model values in you formula, using single-etter variables, as follows:

a->Threshold for channel definition

b-=Minimum value from algorithm 5{Raster layer statistics)
c-=Maximum value from algorithm S{Raster layer statistics)
d-=5um from algorithm S(Raster layer statistics)

e->Mean value from algorithm S(Raster layer statistics)
f-zvalid cells count from algorithm 5(Raster layer statistics)
g-=MNo-data cells count from algorithm 5(Raster layer statistics)
h-=5tandard deviation from algorithm 5(Raster layer statistics)

le+27h] |
x I
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As you can see, the dialog is different to the other ones we have seen, but you have in there the same variables that
were available in the Threshold field in the Channel network algorithm. Enter the above formula and click on OK

to add the algorithm.

{ Processing modeler

_[ol ]
Inputs Algorithms Watershed from DEM and threshold [Example models] ]
calou L] l / B
=8 Geoalgorithms —# In In In
=5 Domain spedific o I
B 8 Terrain analysis and geomarphometry ‘G Catchment area (parallel) § & channel netwark 9‘ & ve
&% Real area calaulation -—
o out 0
Er Modeler u_
E|--- Modeler tools
8 calculator
B Raster
= General tools
- & Raster calculator %
. g SF Threshold for channel def...
=] Vector &
El- 8 Table tools
Advanced Python field calculator o1n
¥ Field calculator
& Raster layer statistics g‘
Cut = In
Statistics ES
Minimum value B calculator &
Maximum value out
Sum Y
Mean value
valid cells count
No-data cells count
Standard deviation
Y —— KD
’Editmodelhelp] [ Run l [ Open ] [ Save ] [ Save as ... ] [ Close ]

If you expand the outputs entry, as shown above, you will see that the model is connected to two of the values,
namely the mean and the standard deviation, which are the ones that we have used in the formula.

Adding this new algorithm will add a new numeric value. If you go again to the Channel network algorithm, you

can now select that value in the Threshold parameter.
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{§ Channel network 2=
Parameters Help

Elevation @
DM M

Flow Direction

Dot select=d] M
Initiation Grid

| Catchment Area from algorithm 1(Catchment area (paralle)) e
Initiation Type

| [2] Greater than -
Initiation Thresheld

IThreshold for channel definition I ""]
Divergence

Dot selected] B
Tracing: Max. Divergence

10 M
Tradng: Weight

Tictsdecied] & []

Min. Segment Length —
o olla

Click on OK and your model should look like this.

& Channel network 21 x|
Parameters | Help

Elevation B

|DEM [~]

Flow Direction

Dot sece -

Initiation Grid

| Catchment Area from algorithm 1(Catchment area (parallel)) v
Initiation Type

|[2] Greater than M
Initiation Thresheld

['I'hreshcld for channel definition | v]
Threshaold for channel definition =

Minimum value from algorithm S(Raster layer statistics)

Maximum value from algorithm S{Raster layer statistics)

Sum from algorithm S{Raster layer statistics)

Mean value from algorithm S{Raster layer statistics)

valid cells count from algorithm 5{Raster layer statistics)

Mo-data cells count from algorithm S(Raster layer statistics)

Standard deviation from algorithm S{Raster layer statistics]

Result from algorithm 6(Calculator)

| LT e . ]

Min. Segment Length "
A E

10

ok | cence

We are not using the numeric input that we added to the model, so it can be removed. Right—click on it and select
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Remove

O0O: todo: Add image

Our new model is now finished.

17.20 A model within a model

O O : Beware, this chapter is not well tested, please report any issue; images are missing

OO 0O: In this lesson we will see how to use a model within a bigger model.

We have already created a few models, and in this lesson we are going to see how we can combine them on a
single bigger one. A model behaves like any other algorithm, which means that you can add a model that you have
already created as part of another one that you create after that.

In this case, we are going to expand our hydrological model, by adding the mean TWI value in each of the basins
that it generates as result. To do that, we need to calculate the TWI, and to compute the statistics. Since we have
already created a model to calculate TWI from a DEM, it is a good idea to reuse that model instead of adding the
algorithms it contains individually.

Let’s start with the model we used as starting point for the last lesson.

O0: todo: Add image

First, we will add the TWI model. For it to be available, it should have been saved on the models folder, since
otherwise it will not be shown in the toolbox or the algorithms list in the modeler. Make sure you have it available.

Add it to the current model and use the input DEM as its input. The output is a temporary one, since we just want
the TWI layer to compute the statistics. The only output of this model we are creating will still be the vector layer
with the watersheds.

Here is the corresponding parameters dialog:

O0O: todo: Add image

Now we have a TWI layer that we can use along with the watersheds vector layer, to generate a new one which
contains the values of the TWI corresponding to each watershed.

This calculation is done using the Grid statistics in polygons algorithm. Use the layers mentioned above as input,
to create the final result.

O0: todo: Add image

The output of the Vectorize grid classes algorithm was originally our final output, but now we just want it as an
intermediate result. To change that, we have to edit the algorithm. Just double—click on it to see its parameters
dialog, and delete the name of the output. That will make it a temporary output, as it is by default.

O0O: todo: Add image

This is how the final model should look like:

O0O: todo: Add image
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As you see, using a model in another model is nothing special, and you can add it just like you add another
algorithm, as long as the model is saved in the models folder and is available in the toolbox.
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{# Points filter

[Save to temporary file]

gbooooobooooboboooooooo
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{J Points filter

Save to temporary file]
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Now let’s rasterize the layer using the Shapes to grid algorithm.
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{} Shapes to grid

[Leave blank to use min covering extent]
[Save to temporary file]

*Filtered points* 0 0000000000000 DOOO0OOOOOO0OOOODOO0OOOOOOODOOOO
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ocoooooooooooobooooooooobooooooboooooOoooooooooDbOoooo
ooood

gbooooOoboooooboboooogooo
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O00000oOoOOo0o0O0000oooOoCoO0000oooO0o0o00OoOoDOOOOOdOO*Close gaps*O
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{J Close gaps

[Save to temparary file]

coooooooooooobooboOooooooo
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{} Clip grid with polygon x|

Parameters Log Help

Input

| Changed Grid [EPSG:32755] M
Polygons

[linuts[EPSG:Sz}'Sﬂ |v][ ]
Output

[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

[ fn ][ ox ][ oo |

ooooooobobonooooooooooooooooodoooooooooobboobbobbO *Gaussian
filter* O 000000

x

Parameters Log Help

Grid

(Coped s H
Standard Deviation

3 =
Search Mode

' [1] Cirde -
Search Radius

| 250 =

Filtered Grid

[ [Save to temparary file] ” l
[%| Open output file after running algorithm

100%

[ ][ cose ][ coca |
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17.22 More interpolation

O 0O O: This chapter shows another practical case where interpolation algorithms are used.

Interpolation is a common technique, and it can be used to demonstrate several techniques that can be applied using
the QGIS processing framework. This lesson uses some interpolation algorithms that were already introduced, but
has a different approach.

The data for this lesson contains also a points layer, in this case with elevation data. We are going to interpolate it
much in the same way as we did in the previous lesson, but this time we will save part of the original data to use
it for assessing the quality of the interpolation process.

First, we have to rasterize the points layer and fill the resulting no—data cells, but using just a fraction of the points
in the layer. We will save 10% of the points for a later check, so we need to have 90% of the points ready for the
interpolation. To do so, we could use the Split shapes layer randomly algorithm, which we have already used in a
previous lesson, but there is a better way to do that, without having to create any new intermediate layer. Instead
of that, we can just select the points we want to use for the interpolation (the 90% fraction), and then run the
algorithm. As we have already seen, the rasterizing algorithm will use only those selected points and ignore the
rest. The selection can be done using the Random selection algorithm. Run it with the following parameters.
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x

Parameters Log Help

Input layer

| paints [EPSG:23030] d
Methaod

[Per-::a"nzge of selected features | vl

Mumber fpercentage of selected features

|20 2

The selection is random, so your selection might differ from the selection shown in the above image.

Now run the Shapes to grid algorithm to get the first raster layer, and then run the Close gaps algorithm to fill the
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no—data cells [Cell resolution: 100 m].

F‘\mﬁnrﬁ— B T A o, S oSN

To check the quality of the interpolation, we can now use the points that are not selected. At this point, we know
the real elevation (the value in the points layer) and the interpolated elevation (the value in the interpolated raster
layer). We can compare the two by computing the differences between those values.

Since we are going to use the points that are not selected, first, let’s invert the selection.

e
l.v‘- h?*L:".L

The points contain the original values, but not the interpolated ones. To add them in a new field, we can use the
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Add grid values to points algorithm

{3} Add grid values to points

[Save to temporary file]

t3

The raster layer to select (the algorithm supports multiple raster, but we just need one) is the resulting one from
the interpolation. We have renamed it to inferpolate and that layer name is the one that will be used for the name
of the field to add.

Now we have a vector layer that contains both values, with points that were not used for the interpolation.
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{} Attribute table - Result = Features totak 703, filtered: 703, selected:

=10 x|

[;?’

E

a2

&)%)

&

|BIE

Ry

ID

Lo | [&]]
ri

VALLE

interpolate

1516.0000000000

1452, 5041504000

2096.0000000000

2073, 70489260000

5582,0000000000

555,3154296900

&
10
12
20

843.0000000000

863.3750000000

2224,0000000000

2136.3433537000

748,0000000000

753. 2822265600

1635.0000000000

1644.0015234000

726.0000000000

7046588134800

9270000000000

936.9505004300

1320.0000000000

1305, 3083496000

2170,0000000000

2155, 5400391000

548.0000000000

544.8676757800

Sla|E|e8|a|L|BR|IE[ZIH"]"

641,0000000000

648.3961151600

47

1534.0000000000

1525, 2007422000

54

M

7750000000000

757.4203451200

02

158

1915.0000000000

1924, 1274414000

I b Show Al Feamresv]

Now, we will use the fields calculator for this task. Open the Field calculator algorithm and run it with the
following parameters.

{} Field calculator x|
Parameters Log Help
F
Input layer

[Resdt [EPSG:23030]

Result field name

[errnr

Field type

Float

Field length

|10

Field predsion

|5

Formula

[abs{‘u‘.ﬁ\LUE - interpolat)

Qutput layer

[ [Save to temparary file]

[%| Open output file after running algorithm
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If your field with the values from the raster layer has a different name, you should modify the above formula
accordingly. Running this algorithm, you will get a new layer with just the points that we haven’t used for the
interpolation, each of them containing the difference between the two elevation values.

Representing that layer according to that value will give us a first idea of where the largest discrepancies are found.

(3 Attribute table - Output layer = Features totak 703, filtered: 703, sele O] x|

AIEIEIE R B EEEE R EE
ID i VALUE interpolat error -

o 4107 | 1243.0000000000 | 1199.6501465000 43.34985

i 6| 1516.0000000000 | 1452,5041504000 53.49585

F 4112 | 1594.0000000000 | 1590,4835205000 3.51648

3 10| 2096.0000000000 ( 2073.7648926000 22,23511

4 12| 532.0000000000( 555.3154296500 26.68457

= 4121 1101.0000000000 | 1103.0323436000 2.03235

5 6176 | 1258.0000000000 | 1260,9846191000 2984962

7 4125 1241.0000000000 | 1225.0873906000 15.91211

2 20| 843.0000000000 | 863.3750000000 20,37500

q 5179 | 1195.0000000000 | 1198.4991455000 3.49915

10 2075 | 1786.0000000000 | 1799,5468750000 13.549638

11 4133 | 1196.0000000000 | 1156.2314453000 39.76855

12 6183 | 1720.0000000000 | 1724.4638672000 446387

13 5189 | 1497.0000000000 | 1498.2706299000 127063

14 6191 1349.0000000000 | 1347.5555420000 144446

15 2086 | 1277.0000000000 | 1296, 1885936000 19, 18860 E
i | Show All Features _

Interpolating that layer will get you a raster layer with the estimated error in all points of the interpolated area.
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You can also get the same information (difference between original point values and interpolated ones) directly
with GRASS — v.sample.

Your results might differ from these ones, since there is a random component introduced when running the random
selection, at the beginning of this lesson.

17.23 Iterative execution of algorithms

O0O0O: This lesson shows a different way of executing algorithms that use vector layers, by running them
repeatedly, iterating over the features in an input vector layer

We already know the graphical modeler, which is one way of automating processing tasks. However, in some
situations, the modeler might not be what we need to automate a given task. Let’s see one of those situations and
how to easily solve it using a different functionality: the iterative execution of algorithms.

Open the data corresponding to this chapter. It should look like this.
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_ el

You will recognize our well-known DEM from previous chapters and a set of watersheds extracted from it. Imag-
ine that you need to cut the DEM into several smaller layers, each of them containing just the elevation data
corresponding to a single watershed. That will be useful if you later want to calculate some parameters related to
each watershed, such as its mean elevation or it hypsographic curve.

This can be a lengthy and tedious task, especially if the number of watersheds is large. However, it is a task that
can be easily automated, as we will see.

The algorithm to use for clipping a raster layer with a polygon layer is called Clip grid with polygons, and has the
following parameters dialog.
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{} Clip grid with polygon x|

Parameters Log Help

Input
[dem25 [EPSG:23030] |v][ ]

Polygons

[wane.-sheds [EPSG:23030] - ][ ]
Output
[ [Save to temporary file] ” l

[%| Open output file after running algorithm

[ 0% )

Rn || Cose || conedl |

You can run it using the watersheds layer and the DEM as input, and you will get the following result.

As you can see, the area covered by all the watershed polygons is used.

You can have the DEM clipped with just a single watershed by selecting the desired watershed and then running
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the algorithm as we did before.

_

Since only selected features are used, only the selected polygon will be used to crop the raster layer.

Doing this for all the watersheds will produce the result we are looking for, but it doesn’t look like a very practical
way of doing it. Instead, let’s see how to automate that select and crop routine.

First of all, remove the previous selection, so all polygons will be used again. Now open the Clip grid with polygon
algorithm and select the same inputs as before, but this time click on the button that you will find in the right-hand
side of the vector layer input where you have selected the watersheds layer.
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{} Clip grid with polygon

[Save to temparary file]

t3

This button will cause the selected input layer to be split into as many layer as feature are found in it, each of
them containing a single polygon. With that, the algorithm will be called repeatedly, one for each one of those
single-polygon layers. The result, instead of just one raster layer in the case of this algorithm, will be a set of
raster layers, each one of them corresponding to one of the executions of the algorithm.

Here’s the result that you will get if you run the clipping algorithm as explained.
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For each layer, the black and white color palette, (or whatever palette you are using), is adjusted differently, from
its minimum to its maximum values. That’s the reason why you can see the different pieces and the colors do not
seem to match in the border between layers. Values, however, do match.

If you enter an output filename, resulting files will be named using that filename and a number corresponding to
each iteration as suffix.

17.24 More iterative execution of algorithms

OO0 O: This lesson shows how to combine the iterative execution of algorithms with the modeler to get more
automation.

The iterative execution of algorithms is available not just for built-in algorithms, but also for the algorithms that
you can create yourself, such as models. We are going to see how to combine a model and the iterative execution
of algorithms, so we can obtain more complex results with ease.

The data the we are going to use for this lesson is the same one that we already used for the last one. In this
case, instead of just clipping the DEM with each watershed polygon, we will add some extra steps and calculate a
hypsometric curve for each of them, to study how elevation is distributed within the watershed.

Since we have a workflow that involves several steps (clipping + computing the hypsometric curve), we should go
to the modeler and create the corresponding model for that workflow.

You can find the model already created in the data folder for this lesson, but it would be good if you first try to
create it yourself. The clipped layer is not a final result in this case, since we are just interested in the curves, so
this model will not generated any layers, but just a table with the curve data.

The model should look like this:
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{} Processing modeler =10l x|
Inputs. Algorithms Clipping + hypsometry Examples
& a :
-y GRASS commands
E-Raster (%) % %
i~ r.dump - Recategorizes data in a raster ... ‘ 9F Raster layer é‘ ‘ ¢ Polygons layer Q‘
iy rsim.water - Overland flow hydrologic si...
= 6 Crfeo Toolbox (Image analysis)
& Miscellaneous
e Hyperspectral data unmixing
El- & sAGA (2.1
E‘ Grid - Analysis Polygons
. & analytical hierarchy process Input
= T§rrain Analysis - Morphometry n =
o Hypsometry
G Clip grid with polygon 5
out
Z-Range Max
Z-Range Min
Use Z-Range
Classification Constant
Sort
Number of Classes
Elevation
In =
@ Hypsometry ‘g‘
Cut
‘j‘{ “» hypsometry table ‘
2| L)
[E&itmodelheb] l Run ] [ Open ] [ Save ] [ Save as ... l [ Close
Add the model to you models folder, so it is available in the toolbox, and now execute it.
{} Processing modeler o [l ]
Inputs Algorithms Clipping + hypsometry Examples
& a :
-y GRASS commands
E-Raster {1.%) € %
i~y r.dump - Recategorizes datain a raster ... ‘ 4F Raster layer Q‘ ‘ ¢ Polygons layer Q‘
r.sim.water - Overland flow hydrologic si...
= 6 Orfeo Toolbox (Image analysis)
- Miscellaneous
e Hyperspectral data unmixing
El- & sa6a (2.1)
1 Grid - Analysis Polygons
. Analytical hierarchy process Input
= Tgrrain Analysis - Morphometry n =
@5 Hypsometry
G Clip grid with polygon ‘g
out
Z-Range Max
Z-Range Min
Use Z-Range
Classification Constant
Sort
Number of Classes
Elevation
In =
& Hypsometry 5‘
Cut
7‘{ “¥ hypsometry table ‘
< (v
[Edtmodelheb] l Run ] [ Open ] [ Save ] [ Saveas... l [ Close ]

Select the DEM and watersheds basins, and do not forget to toggle the button that indicates that the algorithm has

to be run iteratively.

The algorithm will be run several times, and the corresponding tables will be created and open in your QGIS

project.

542

Chapter17. QGISTOO0D0OO0O0O0OOOO



QGIS Training Manual, 0 0 00O 2.8

% (2 watersheds

hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
hypsometry table
dem25

=

We can make this example more complex by extending the model and computing some slope statistics. Add the
Slope, aspect, curvature algorithm to the model, and then the Raster statistics algorithm, which should use the
slope output as its only input.

Esecuzione modelli - o x
= B -
ey B2 &
-I Parametri hyp ex
4 Boolean =
4 Extent or rast éé aF wect {2‘
9F File
4 Number n In
4 Raster layer & Clip grid with polygon P & Slope, aspect, curvature o
qF String
Qut Out
4F Table
In
4F Table field In
4F Vector layer & Hypsometry .g)‘ ' Raster layer statistics .;)‘
out Out
“¥ tab “¥ stat
Input | Algoritmi -
| I < 3

If you now run the model, apart from the tables you will get a set of pages with statistics. These pages will be
available in the results dialog.

17.25 The batch processing interface

O 0O O : This lesson introduces the batch processing interface, which allows to execute a single algorithm with a
set of different input values.

Sometimes a given algorithm has to be executed repeteadly with different inputs. This is, for instance, the case
when a set of input files have to be converted from one format to another, or when several layers in a given
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projection must be converted into another projection.

In that case, calling the algorithm repeatedly on the toolbox is not the best option. Instead, the batch processing
interface should be used, which greatly simplifies performing a multiple execution of a given algorithm. To run
an algorithm as a batch process, find it in the toolbox, and instead of double—clicking on it, right—click on it and
select Run as batch process.

E‘ f‘é} Raster
- {Jé} General tools

P ﬁ'} Reproject raster layer
=3 {§§ Viector
= & General tools

‘Reproject layng :
Execute as batch process

Edit rendering styles for outputs

For this example, we will use the Reproject algorithm, so find it and do as described above. You will get to the
following dialog.

{} Batch Processing - Reproject layer ll

Parameters

Input layer Target CRS Reprojected layer Load in QGIS

EPSG:4326 Yes i
EP5G:4326 Yes i
EF5G:4326 fes i

[' 0% ]

’ Run ] [ Add row l [ Delete row l [ Close l ’ Caneel ]

If you have a look at the data for this lesson, you will see that it contains a set of three shapefiles, but no QGIS
project file. This is because, when an algorithm is run as a batch process, layer inputs can be selected either
from the current QGIS project or from files. That makes it easier to process large amounts of layers, such as, for
instance, all the layers in a given folder.

Each row in the table of the batch processing dialog represents a single execution of the algorithm. Cells in a row
correspond to the parameter needed by the algorithm, which are not arranged one above the other, as in the normal
single—execution dialog, but horizontally in that row.

Defining the batch process to run is one by filling the table with the corresponding values, and the dialog itself
contains several tools to make this task easier.

Let’s start filling the fields one by one. The first column to fill is the Input layer one. Instead of entering the
names of each one of the layers we want to process, you can select all of them and let the dialog put one in each
row. Click on the button in the upper-left cell, and in the file selection dialog that will popup, select the three
files to reproject. Since only one of them is needed for each row, the remaining ones will be used to fill the rows
underneath.
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x
D:\batch_conversion'ptl.shp EPSG:4326
D:\batch_conversion'pt2.shp EPSG:4325 ] Yo -
D:\batch_conversion'pt3.shp EPSG:43256 ] Yo -

I 0% ]

’ Run l [ Add row l [Deletemw ] l Close ] ’ Cancel ]

The default number of rows is 3, which is exactly the number of layers we have to convert, but if you select more

layers, new rows will be added automatically. If you want to fill the entries manually, you can add more rows
using the Add row button.

We are going to convert all those layers to the EPSG:23029 CRS, so we have to select that CRS in the second
field. We want the same on for all rows, but we do not have to do it for every single row. Instead, set that CRS for
the first row (the one at the top) using the button in the corresponding cell, and then double click on the column
header. That causes all the cells in the column to be filled using the value of the top cell.

x|
Input layer Target CRS Reprojected layer Load in QGIS
D:\batch_conversion'pt1.shp EP5G: 23029 ] Yes. -
D:\batch_conversion'pt2.shp EPSG:23029 Yes -
D:\batch_conversion'pt3.shp EPSG:23029 Yes -
I 0% ]
Run l [ Add row l [ Delete row ] l Close ] [ Cancel ]
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Finally, we have to select an output file for each execution, which will contain the corresponding reprojected layer.
Once again, let’s do it just for the first row. Click on the button in the upper cell and, in a folder where you want
to put your output files, enter a filename (for instance, reprojected. shp).

Now, when you click OK on the file selection dialog, the file does not automatically gets written to the cell, but an
input box like the following one is shown instead.

2| x|

Autofill mode [Dn not autofil | v]

Parameter to use [anut layer | v]

If you select the first option, only the current cell will be filled. If you select any of the other ones, all the rows
below will be filled with a given pattern. In this case, we are going to select the Fill with parameter value option,
and then the Input Layer value in the drop down menu below. That will cause the value in the Input Layer (that
is, the layer name) to be added to the filename we have added, making each output filename different. The batch
processing table should now look like this.

{} Batch Processing - Reproject layer ll

Parameters

Input layer Target CRS Reprojected layer
D:\batch_conversion'ptl.shp vee EPSG: 23029 ‘ s D foutputs freprojectedpt 1.shp s Yes | -
D:\batch_conversion'pt2.shp e EP5G: 23029 ] e D joutputs freprojectedpt 2. shp e Yes. | -
D:\batch_conversion'pt3.shp e EPSG:23029 ] e D joutputs freprojectedpt 3. shp e Yes | -

( 0% ]

[ mn || addrow | | Deleterow | | Cose || concel |

The last column sets whether or not to add the resulting layers to the current QGIS project. Leave the default Yes
option, so you can see your results in this case.

Click on OK and the batch process will be run. If everything went fine, all your layers will have been processed,
and 3 new layers would have been created.
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17.26 Models in the batch processing interface

O O : Beware, this chapter is not well tested, please report any issue; images are missing

00O O : This lesson shows another example of the batch processing interface, but this time using a model instead
of a built-in algorithm

Models are just like any other algorithm, and they can be used in the batch processing interface. To demonstrate
that, here is a brief example that we can do using our already well-known hydrological model.

Make sure you have the model added to your toolbox, and then run it in batch mode. This is what the batch
processing dialog should look like.

O0: todo: Add image

Add rows up to a total of 5. Select the DEM file corresponding to this lesson as the input for all of them. Then
enter 5 different threshold values as shown next.

O0: todo: Add image

As you see the batch processing interface can be run not just to run the same process on different datasets but also
on the same dataset with different parameters.

Click on OK and you should get 5 new layers with watersheds corresponding to the specified 5 threshold values.

17.27 Other programs

Module contributed by Paolo Cavallini - Faunalia

OO0 0O: This chapter shows how to use additional programs from inside Processing. To complete it, you must
have installed, with the tools of your operating system, the relevant packages.

17.27.1 GRASS

GRASS is a free and open source GIS software suite for geospatial data management and analysis, image process-
ing, graphics and maps production, spatial modeling, and visualization.

It is installed by default on Windows through the OSGeo4W standalone installer (32 and 64 bit), and it is packaged
for all major Linux distributions.

17.27.2 R

R is a free and open source software environment for statistical computing and graphics.
It has to be installed separately, together with a few necessary libraries (LIST).

The beauty of Processing implementation is that you can add your own scripts, simple or complex ones, and they
may then be used as any other module, piped into more complex workflows, etc.

Test some of the preinstalled examples, if you have R already installed (remember to activate R modules from the
General configuration of Processing).
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17.27.3 OTB

OTB (also known as Orfeo ToolBox) is a free and open source library of image processing algorithms. It is
installed by deafult on Windows through the OSGeo4W standalone installer (32 bit). Paths should be configured
in Processing.

In a standard OSgeo4W Windows installation, the paths will be:

OTB application folder C:\0SGeo4dW\apps\orfeotoolbox\applications
OTB command line tools folder C:\0SGeo4W\bin

On Debian and derivatives, it will be /usr/bin

17.27.4 Others

TauDEM is a suite of Digital Elevation Model (DEM) tools for the extraction and analysis of hydrologic informa-
tion. Availability in various operating system varies.

LASTools is a set of mixed, free and proprietary commands to process and analyze LiDAR data. Availability in
various operating system varies.

More tools are available through additional plugins, e.g.:
* LecoS: a suite for land cover statistics and landscape ecology
e Iwgeom: formerly part of PostGIS, this library brings a few useful tools for geometry cleanup
* Animove: tools to analyse the home range of animals.

More will come.

17.27.5 Comparison among backends

Buffers and distances

Let’s load points. shp and type buf in the filter of the Toolbox, then double click on:
e Fixed distance buffer: Distance 10000
* Variable distance buffer: Distance field SIZE
* v.buffer.distance: distance 10000
* v.buffer.column: bufcolumn SIZE
* Shapes Buffer: fixed value 10000 (dissolve and not), attribute field (with scaling)
See how speed is quite different, and different options are available.
Exercise for the reader: find the differences in geometry output between different methods.
Now, raster buffers and distances:

* first, load and rasterize the vector rivers. shp with GRASS — v.to.rast.value; beware: cell size must be
set to 100 m, otherwise the computation time will be enormous; resulting map will have 1 and NULLs

* same, with SAGA — Shapes to Grid — COUNT (resulting map: 6 to 60)

e then, proximity (value= 1 for GRASS, a list of rivers ID for SAGA), rbuffer with parameters
1000,2000,3000, r.grow.distance (the first of the two maps).
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Dissolve

Dissolve features based on a common attribute:
* GRASS — vdissolve municipalities.shp on PROVINCIA
¢ OGIS — Dissolve municipalities.shp on PROVINCIA

* SAGA — Polygon Dissolve municipalities.shp on PROVINCIA (NB: Keep inner boundaries must
be unselected)

0 O : The last one is broken in SAGA <=2.10

Exercise for the reader: find the differences (geometry and attributes) between different methods.

17.28 Interpolation and contouring

Module contributed by Paolo Cavallini - Faunalia

O 0O O: This chapter shows how to use different backends to calculate different interpolations.

17.28.1 Interpolation

The project shows a gradient in rainfall, from south to north. Let’s use different methods for interpolation, all
based on vector points. shp, parameter RAIN:

O 0O: Setcell size to 500 for all analyses.

* GRASS — v.surf.rst
* SAGA — Multilevel B-Spline Interpolation
* SAGA — Inverse Distance Weighted [Power: 4; Search range: Global]
* GDAL — Grid (Inverse Distance to a power) [Power:4]
* GDAL — Grid (Moving average) [Radius1&2: 50000]
Then measure variation among methods and correlate it with distance to points:
* GRASS — rseries [Unselect Propagate NULLs, Aggregate operation: stddev]
¢ GRASS — v.to.rast.value on points.shp
* GDAL — Proximity

* GRASS — r.covar to show the correlation matrix; check the significance of the correlation e.g. with
http://vassarstats.net/rsig.html.

Thus, areas far from points will have less accurate interpolation.

17.28.2 Contour

Various methods to draw contour lines [always step= 10] on the stddev raster:
* GRASS — r.contour.step
* GDAL — Contour

* SAGA — Contour lines from grid [NB: output shp is not valid, known bug]
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17.29 Vector simplification and smoothing

Module contributed by Paolo Cavallini - Faunalia

O 0O O: This chapter shows how simplify vectors, and smooth out sharp corners.

Sometimes we need a simplified version of a vector, to have a smaller file size and get rid of unnecessary details.
Many tools do this in a very rough way, and miss the adjacency and sometimes the topological correctness of
polygons. GRASS is the ideal tool for this: being a topological GIS, adjacency and correctness are preserved even
at very high simplification levels. In our case, we have a vector resulting from a raster, thus showing a “saw”
pattern at borders. Applying a simplification results in straight lines:

* GRASS — v.generalize [Maximal tolerance value: 30 m]
We can also do the reverse, and make a layer more complex, smoothing out sharp corners:
* GRASS — v.generalize [method: chaiken]

Try to apply this second command both to original vector and to the one from the first analysis, and see the
difference. Note that adjacency is not lost.

This second option can be applied e.g. to contour lines resulting from a coarse raster, to GPS tracks with sparse
vertices, etc.

17.30 Planning a solar farm

Module contributed by Paolo Cavallini - Faunalia

OO O: This chapter shows how to use several criteria to locate the areas suitable for installing a photovoltaic
power station

First of all, create an aspect map from DTM:
* GRASS — raspect [Data type: int; cell size:100]

In GRASS, aspect is calculated in degrees, counterclockwise starting from East. To extract only South facing
slopes (270 degrees +- 45), we can reclassify it:

* GRASS — rreclass
with the following rules:

225 thru 315 = 1 south
+* = NULL

You can use the text file reclass_south.txt provided. Note that with these simple text files we can create
also very complex reclassifications.

We want to build a large farm, so we select only large (> 100 ha) contiguous areas:
* GRASS — rreclass.greater

Finally, we convert to a vector:
* GRASS — rto.vect [Feature type: area; Smooth corners: yes]

Exercise for the reader: repeat the analysis, replacing GRASS commands with analogous from other programs.
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18.1 |LS|QGISO 0000000 0O0DODOODOOO0OO0N

In the previous 2 modules we looked at the basic concepts, features and functions of relational databases as well
as extensions that let us store, manage, query and manipulate spatial data in a relational database. This section
will dive deeper into how to effectively use spatial databases in QGIS.

gobooboooQaGIstoboooooobooboboobobooboooboboobooboooboobooDo

18.1.1 v Follow Along: Adding Database Tables to QGIS using the Browser

We have already briefly looked at how to add tables from a database as QGIS layers, now lets look at this in a
bit more detail and look at the different ways this can be done in QGIS. Lets start by looking at the new Browser
interface.

« QGISOO00O0DDOUUOODOOOnOGg
* Open the Browser by clicking the Browser tab at the bottom of the Layer Panel

* Open the PostGIS portion of the tree and you should find your previously configured connection available
(you may need to click the Refresh button at the top of the browser window).
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66606 QGls.
DEBRBLR OIS L L » 57 @ Gy B pE BE &Y 50 0 BY
4./ B 0B A 4% = g
- ee =
6 o [
'ﬂ » % Home
> 31 Favaurites
L NIy
> & /Volumes
Ao | P mssaL
R v < postgis_demo
v On
@ > polygons
> /7 Spatalite
% » O ows
@ wes
o | wws
(2} @ wMs
Iz
L2
[avers MEEEA
Table retrieval finished. |®| Coordinate: | 1619201,6940265 | Scale [1:15.360 |+| %] @ Render EPSG:32733 (@) [4] y

* Double clicking on any of the table/layers listed here will add it to the Map Canvas.

* Right Clicking on a table/layer in this view will give you a few options. Click on the Properties item to look
at the properties of the layer.

8086 Layer Properties

Display Name lines
Layer Source  pg:/postgis_demo/public/lines

Provider postgres

Metadata

General

Storage type of this layer

PostgreSQL database with PostGIS extension
Description of this provider
PostgreSQL/PostGIS provider

PostgreSQL 9.3.1 on xB6_64-apple-darwin12.5.0, compiled by i686-apple-darwin11-llvm-gce-4.2 (GCC) 4.2.1 (Based on Apple
Inc. build 5658) (LLVM build 2336.11.00), 64-bit

PostGIS 2.1 USE_GEOS=1 USE_PROJ=1 USE_STATS=1
Saurce for this layer

dbname='postgis_demo’ host=localhost port=5432 ssimode=disable key="id_0' srid=32733 type=MULTILINESTRING
table="public"."lines" (geom) sql=

Geometry type of the features in this layer

Line
Primary key attributes
id_0
NOTICE: Layer srs set from project (EPSG:32733) @

/’
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OO0 0O: Of course you can also use this interface to connect to PostGIS databases hosted on a server external to
your workstation. Right clicking on the PostGIS entry in the tree will allow you to specify connection paramaters

for a new connection.

18.1.2 ‘ Follow Along: Adding a filtered set of records as a Layer

Now that we have seen how to add an entire table as a QGIS layer it might be nice to learn how to add a filtered
set of records from a table as a layer by using queries that we learned about in previous sections.

* Start a new empty map with no layers

* Click the Add PostGIS Layers button or select Layer —> Add PostGIS Layers from the menu.

* In the Add PostGIS Table(s) dialog that comes up, connect to the postgis_demo connection.

* Expand the public schema and you should find the three tables we were working with previously.

* Click the 1ines layer to select it, but instead of adding it, click the Set Filter button to bring up the Query
Builder dialog.

* Construct the following expression using the buttons or by entering it directly:

"roadtype" = "'major’
e 00 Query Builder
lines
Fields Values
id_0 .
id minor

NULL

| Sample || All

Use unfiltered layer

w QOperators

[ = |[ < |[ > |[ uke |[ % |[ N |[ NOTIN |
[ <= |[ >= |[ 1= |[ wke |[ aND |[ OR |[ NOT |

Provider specific filter expression

"roadtype” = 'major'

| Help | | Test | | Clear | | Cancel | [—OH

* Click OK to complete editing the filter and click Add to add the filtered layer to your map.
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* Rename the 1ines layer in the tree to roads_primary.

You will notice that only the Primary Roads have been added to your map rather than the entire layer.

18.1.3 In Conclusion

You have seen how to interact with spatial databases using the QGIS Browser and how to add layers to your map
based on a query filter.

18.1.4 What’s Next?

Next you’ll see how to work with the DB Manager interface in QGIS for a more complete set of database man-
agement tasks.

18.2 Lesson: Using DB Manager to work with Spatial Databases in
QGIS

We have already seen how to perform many database operations with QGIS as well as with other tools, but now it’s
time to look at the DB Manager tool which provides much of this same functionality as well as more management
oriented tools.

The goal for this lesson: To learn how to interact with spatial databases using the QGIS DB Manager.

18.2.1 v Follow Along: Managing PostGIS Databases with DB Manager

You should first open the DB Manager interface by selecting Database —> DB Manager —> DB Manager on the
menu or by selecting the DB Manager icon on the toolbar.

You should already see the previous connections we have configured and be able to expand the myP G section and
its public schema to see the tables we have worked with in previous sections.

The first thing you may notice is that you can now see some metadata about the Schemas contained in your
database.
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06.6.6 DB Manager
= & &
Tree | .m: Table | Preview |
v % PostGIS .
¥ postgis_demo publlc
Schema details
Owner: george
Comment: standard public schema
Privileges

User has privileges:

* create new objects
* access objects

Schemas are a way of grouping data tables and other objects in a PostgreSQL database and a container for per-
missions and other constraints. Managing PostgreSQL schemas is beyond the scope of this manual, but you can
find more information about them in the PostgreSQL documentation on Schemas. You can use the DB Manager
to create new Schemas, but will need to use a tool like pgAdmin III or the command line interface to manage them
effectively.

DB Manager can also be used to manage the tables within your database. We have already looked at various ways
to create and manage tables on the command line, but now lets look at how to do this in DB Manager.

First, its useful to just look at a table’s metadata by clicking on its name in tree and looking in the Info tab.
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06.6.6 DB Manager
g [ & &
Tree 'mﬂ Table  Preview |
v % PostGIS I.
¥ postgis_demo II'Ies
v @ public

geography_columns
geometry_columns

General info

I . = Relation type: Table
+% points Owner: george
& polygons Pages: 1
ges:

ms(er_colun"n'IS Rows (estimation): 7

rastelr_overwews Rows (counted): 7

E spatial_ref_sys Privileges: selact, insert, update, delete
PostGIS
Column: geom
Geometry: MULTILINESTRING
Dimension: 2
Spatial ref: WGS 84 / UTM zone 335 (32733)
Estimated extent: 1620551.12500, 6936774.00000 - 1624197.25000, 6940707.00000
Extent: (unknown) (find out)

A No spatial index defined {create it)

Fields
# Name Type Length Null Default
1 id 0 int4 4 N nextval(lines_id_0_seq":regclass)
2 geom geometry Y

(MultilineString,32733)

/'

In this panel you can see the General Info about the table as well the information that the PostGIS extension
maintains about the geometry and spatial reference system.

If you scroll down in the Info tab, you can see more information about the Fields, Constraints and Indexes for the
table you are viewing.
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DB Manager

g N e ®

T ’ Table = Preview |
v % PostGIS Rows (counted): 7
v postgis_demo Privileges: select, insert, update, delete
v & public

geography_columns
geometry_columns PostGIS

' lines

i+ points Column: geom

] polygens Ceometry: MULTILINESTRING

raster_columns Dimension: 2

raster_overviews Spatial ref: WGS 84 / UTM zone 335 (32733)

spatia._[ ref_sys Estimated extent: 1620551.12500, 6936774.00000 - 1624197.25000, 6940707.00000
- Extent: (unknown) (find out

ﬁl No spatial index defined (create it)

Fields
# Name Type Length Null Default
1 id 0 int4 4 N nextval('lines_id_0_seq'::regclass)
2 geom geomet Y
(MultiLineString,32733)
3 id int4 4 Y
4 roadtype wvarchar (5) Y
Constraints
Name Type Column(s)

lines_pkey Primary key id_0

Its also very useful to use DB Manager to simply look at the records in the database in much the same way you
might do this by viewing the attribute table of a layer in the Layer Tree. You can browse the data by selecting the
Table tab.

06.6.6 3 DB Manager
g8 A & &
Tree | Info Preview |
v 5 PostGIS id_0 geom id roadtype
¥ postgis_demo
v & public 11 MULTILINES... | 1 NULL
geography_columns /5 3 MULTILINES... |2 minor
geometry_columns
b lines [EJE MULTILINES... | 3 NULL
*% points
® polygons 4 4 MULTILINES... | 4 major
raster_columns 55 MULTILINES... |5 minor
raster_overviews
spatial_ref_sys 6 6 MULTILINES... |6 major
77 MULTILINES... | 8 minor

/'
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There is also a Preview tab which will show you the layer data in a map preview.
Right-clicking on a layer in the tree and clicking Add to Canvas will add this layer to your map.

So far we have only been viewing the database its schemas and tables and their metadata, but what if we wanted
to alter the table to add an additional column perhaps? DB Manager allows you to do this directly.

* Select the table you want to edit in the tree

* Select Table —> Edit Table from the menu to open the Table Properties dialog.

8.0 6 EA Table proparties

Constraints Indexes J'

Table columns:

Name Type Null | Default

id_0 int4 False nextval(lines_id_0_seq":regclass)
geom geometry (MultiLineString,32733) True

id int4 True

roadtype varchar (5) True

M [ Add geometry column ] [ Edit column ] [ Delete column ]

| Close |

You can use this dialog to Add Columns, Add geometry columns, edit existing columns or to remove a column
completely.

Using the Constraints tab, you can manage which fields are used as the primary key or to drop existing constraints.
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Columns mﬂﬂ Indexes

Primary, foreign keys, unique and check constraints:

Name | Type | Column(s)
lines_pkey Primary key id_0

[ Add primary key [ unique J [ Delete constraint ]

The Indexes tab can be used to add and delete both spatial and normal indexes.
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8.0.8 EA Table properties

[ Columns Constraints m

Indexes defined for this table:

| Addindex | | Add spatial index | | Delete index |

[ Close |

18.2.2 e Follow Along: Creating a New Table
Now that we have gone through the process of working with existing tables in our database, let’s use DB Manager
to create a new table.

* If it is not already open, open the DB Manager window, and expand the tree until you see the list of tables
already in your databse.

* From the menu select Table —> Create Table to bring up the Create Table dialog.

¢ Use the default Public schema and name the table places.

Add the id, place_name, and elevation fields as shown below

* Make sure the id field is set as the primary key.

Click the checkbox to Create geometry column and make sure it is set to a POINT type and leave it named
geom and specify 4326 as the SRID.

¢ Click the checkbox to Create spatial index and click Create to create the table.
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000 Create Table
Schema | public 4|
Name Iplaces |
Name Type Null Add field
i i (]
1/id serial - Delete field
2 place_name text ]
3 elevation integer ]
Up
Down
Primary key | id o
[2] Create geometry column | POINT D |
Name |geom |
Dimensions |2 I|§|
SRID 4326 |
[E‘] Create spatial index
| Create | | Close |

* Dismiss the dialog letting you know that the table was created and click Close to close the Create Table
Dialog.

You can now inspect your table in the DB Manager and you will of course find that there is no data in it. From
here you can Toggle Editing on the layer menu and begin to add places to your table.

18.2.3 ‘l Follow Along: Basic Database Administration

The DB Manager will also let you do some basic Database Administration tasks. It is certainly not a substitute for
a more complete Database Administration tool, but it does provide some functionality that you can use to maintain
your database.

Database tables can often become quite large and tables which are being modified frequently can end up leaving
around remnants of records that are no longer needed by PostgreSQL. The VACUUM command takes care of
doing a kind of garbage collection to compact and optional analyze your tables for better performance.

Lets take a look at how we can perform a VACUUM ANALYZE command from within DB Manager.
* Select one of your tables in the DB Manager Tree.
 Select Table —> Run Vacuum Analyze from the menu.

Thats it! PostgreSQL will perform the operation. Depending on how big your table is, this may take some time to
complete.
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You can find more information about the VACUUM ANALYZE process in the PostgreSQL Documentation on
VACUUM ANALYZE

18.2.4 ‘1 Follow Along: Executing SQL Queries with DB Manager

DB Manager also provides a way for you to write queries against your database tables and to view the results. We
have already seen this type of functionality in the Browser panel, but lets look at it again here with DB Manager.

¢ Select the 1ines table in the tree.

* Select the SOL window button in the DB Manager toolbar.

» Compose the following SQL query in the space provided:

select % from lines where roadtype = ’'major’;

* Click the Execute (F5) button to run the query.

* You should now see the records that match in the Result panel.

006 SOL window - postgis_demo [PostGlS]

SQL query: | N 4| | Store | | Delete |

select * from lines where roadtype = "major';

@ 2 rows, 0.0 seconds | Clear |

Result:

id_0 geom id roadtype
1 4 0105000020DD7F00000... | 4 major
2 6 0105000020DD7F00000... |6 major

[ ] Load as new layer

| Close |

Click the checkbox for Load as new layer to add the results to your map.

e Select the id column as the Column with unique integer values and the geom column as the Geometry
column.

e Enter roads_primary as the Layer name (prefix).

* Click Load now! to load the results as a new layer into your map.

562 Chapter 18. Module: QGISO O 00000000000


http://www.postgresql.org/docs/9.1/static/sql-vacuum.html
http://www.postgresql.org/docs/9.1/static/sql-vacuum.html

QGIS Training Manual, D OO0 2.8

006 SQL window - postgis_demao [PostGIS]

SQL query: N 4| | Store | | Delete |

select * from lines where roadtype = "major';

Execute (F5) 2 rows, 0.0 seconds | Clear |
Result:
id_0 geom id roadtype
14 ‘ 0105000020DD7F00000... ‘ 4 ‘ major ‘
2 6 | 0105000020DD7F00000... | 6 | major |
™ Load as new layer
Column with unique ., 7. P Retrieve
. id A Geometry column | geom -
integer values columns
Layer name (prefix) Iroads_primaw{ | | Load now! |
["] Avoid selecting by feature id
| Close |

The layers that matched your query are now displayed on your map. You can of course use this query tool to
execute any arbitrary SQL command including many of the ones we looked at in previous modules and sections.

18.2.5 Importing Data into a Database with DB Manager

We have already looked at how to import data into a spatial database using command line tools and also looked at
how to use the SPIT plugin, so now lets learn how to use DB Manager to do imports.

* Click the Import layer/file button on the toolbar in the DB Manager dialog.

(=

 Select the urban_33S. shp file from exercise_data/projected_data as the input dataset.

Click the Update Options button to pre-fill some of the form values.
* Make sure that the Create new table option is selected

* Specify the Source SRID as 32722 and the Target SRID as 4326.
* Enable the checkbox to Create Spatial Index

* Click OK to perform the import.
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Input |1If exercise_data/projected_data/urban_335.shp | ¥ ]

[ Update options l

Output table

Schema [ public

Table | urban_33S

Action

(») Create new table

|| Drop existing one

() Append data to table

Options

|| Primary key

|| Geometry column

M Source SRID 32722 (M Target SRID (4326

| Encoding UTF-8 v

|| Create single-part geometries instead of multi-part
™ Create spatial index

Cancel ] E—Dﬂ—-}

 Dismiss the dialog letting you know that the import was successful
¢ Click the Refresh button on the DB Manager Toolbar.

You can now inspect the table in your database by clicking on it in the Tree. Verify that the data has been
reprojected by checking that the Spatial ref: is listed as WGS 84 (4326)
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06.6.6 DB Manager
& = &
i !ﬂ! Table = Preview |
T
¥ % PostGIS
¥ postgis_demo urbaﬂ_33s
v @ public
geography_columns .
geometry_columns General InfO
E’i‘ lines Relation type: Table
o pla_cis Owner: george
«% points Pages: 2
& polygons 9

Rows (estimation):

raster_columns Rows (counted):

raster_overviews

6
6

Privileges: select, insert, update, delete
[ spatial_ref_sys
PostGIS
Column: geom
Geometry: MULTIPOLYCON
Dimension: 2
Spatial ref: WGS B4 (4326)
Extent: {unknown) (find out
Fields
# Name Type Length Null Default
1 id int4 4 N nextval("urban_33S_id_seq"':regclass
)
2 geom geometry Y
(MultiPolygon,43
26)
3 ag_cad_id

numeric Y

v

Right clicking on the table in the Tree and a selecting Add fo Canvas will add the table as a layer in your map.

18.2.6 Exporting Data from a Database with DB Manager

Of course DB Manager can also be used to export data from your spatial databases, so lets take a look at how that

is done.

* Select the 1ines layer in the Tree and click the Export to File button on the toolbar to open the Export to

vector file dialog.

¢ Click the ...
urban_4326.

* Set the Target SRID as 4326.

* Click OK to initialize the export.

button to select the Output file and save the data to your exercise_data directory as
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Output file |,|’ docs/training_manual fexercise_data/urban_4326.shp

Action

(») Create new file
|| Drop existing one

() Append data to file

Options

[ | Source SRID 32733

(M Target SRID

(| Encoding | System

Cancel ] M

 Dismiss the dialog letting you know the export was successful and close the DB Manager.

You can now inspect the shapefile you created with the Browser panel.

006 Browser
2 |Qadd | 7| @
¥ @ source
¥ @@ docs
» [ documentation_guidelines I Yey:) P i

» [0 gentle_gis_introduction
» 1 pyqgis_developer_cookbook
¥ (0 training_manual

(3 answers

0 appendix

() assessment

(0 basic_map

([ complete_analysis
(0 create_vector_data
[ database_concepts
(3 databases

@ exercise_data

[ epsg4326

2 forms

3 plugins

(0 postgis

(0 projected_data
(0 raster

(0 residential_development
(2 school_property_photos
(0 styles

(3 symbols

2 world

(2 land_use.db

- urban_4326.shp
(2 foreword

(0 grass

(2 i18n

(2 introduction

(3 linfiniti-sphinx-theme
(1 map_composer

(2 online_resources
(3 planning_docs

(3 python

(3 qgis_plugins

(0 rasters

(2 resources

(0 spatial_databases
(0 vector_analysis

(0 vector_classification
B index.rst

AYYVYYVYVYYY

-

b ? 4D D S P A RS

YYYYYYYVYYVYY

YYYYYVYVYVYVYYVYYYVYY

Display Name urban_4326.shp
Layer Source  is/QGIS-Documentation/source/docs/training_manual/exercise_data/urban_4326.shp

Provider ogr

Metadata

General
Storage type of this layer
ESRI Shapefile
Description of this provider

‘OGR data provider (cempiled against GDAL/OGR library version 1.10.1, running against GDAL/OGR library
version 1.10.1)

‘Source for this layer
MNolumes/Drobo/sites/qgis/QGIS-
D ion/

aining [

\_4326.shp

Geometry type of the features in this layer
Line

The number of features in this layer

7

Editing capabilities of this layer

566
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18.2.7 In Conclusion

You have now seen how to use the DB Manager interface in QGIS to Manage your spatial databases, to execute
sql queries against your data and how to import and export data.

18.2.8 What’s Next?

Next, we will look at how to use many of these same techniques with spatialite databases.

18.3 Lesson: QGIS O 0 00O SpatiaLite 00 OO0 OO0 OO

While PostGIS is generally used on a server to provide spatial database capabilities to multiple users at the same
time, QGIS also supports the use of a file format called spatialite that is a lightweight, portable way to store an
entire spatial database in a single file. Obviously, these 2 types of spatial databases should be used for different
purposes, but the same basic principles and techniques apply to both. Let’s create a new spatialite database and
explore the functionality provided to work with these databases in QGIS.

Uo00o0ooDOoOoD :QGISO00000bNbo0b0b0o0oD0o0DO SpatiaLite O OODOOODOODOO
good.

"
18.3.1 - Follow Along: 00000 SpatiaLite 00000000000
000000000000000 SpatiaLitt 0000000000,QGISO000000ONDOOOODOO
oooooo.

e Spatialite 1000 0O00O0ODOOO, Create Database 0 0 00 00O .

* qgis-sl.db 0000000000000 OOOOOOOO.

- 0000000DDOO0O Spatialite 0000000, New Connection 0 0000000000000
oooooooboon.

gbooooOooboooobobooooboboooboo,oboocoboobobobocobOobOo,00b0bn
oobooobooobooobooboooooobo.coboobooobooobooooo0oooOoooboOoooDn
gboooboob.ooooboboooboooboon.

* Find the button to create a new layer and use the dropdown to create a new new Spatialite layer, or select
Layer —> New —> New Spatialite Layer.

/

- J000D0O0DO0ODOOOUODODOUOOODObOOUODODOO.
0000 placesO000OD0OODOOOOODOO.

e 00O Create an auto-incrementing primary key D0 000 OO0 OOOOOOO.
ooogobz200000040d

okOOOOOOoooOoboooooboo.
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Database [ [Volumes /Drobo/sites/qqgis/QGIS-Docume :J

Layer name |place5

Geometry column | geometry
Type

(=) Point () Line () Polygon
() MultiPoint () Multiline () Multipolygon

EPSG:4326 - WGS 84 | Specify CRS |

(¥ Create an autoincrementing primary key
New attribute

Name | |

Type [ Whole number = ]

-~ Add to attributes list

Attributes list

Name | Type
place_name real
elevation integer

. Remove attribute

[ Cancel ] M

- J000DOO00O0O0DOOOODOODOO0OO0OO0D,placestdb0OOoonDoooooon.
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EE Browser
G Add ||P||[F

Home
Favourites
e [
. [Volumes
P MssQL
W PostGIS
#° SpatialLite
v = ggis-sl.sglite
°" places
» ) OWS

& WCS
b T WFS

& WMS

0

b .

4 v

gbobooboobooooboob,0oboobobooooboobooboboooooboooooboaon.
gbooooboobooooboobobooooobooooobooooboboobooooobooooboooboobo.

DBManager 000 0000000000000 0OO00O0DOOOO0ODOOOOOD.OOO SpatiaLite OO
gboboobobooooobooboobooboooobooooobooobooon.

18.3.2 In Conclusion

U000 SpatiaLite 0 000000000, 000000000000 QGISOOO0DO0O0OOOOODO
oooobooooooon.
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Chapter 19

Appendix: Contributing To This Manual

To add materials to this course, you must follow the guidelines in this Appendix. You are not to alter the conditions
in this Appendix except for clarification. This is to ensure that the quality and consistency of this manual can be
maintained.

191 00000000000

The source of this document is available at GitHub. Consult GitHub.com for instructions on how to use the git
version control system.

19.2 D00O0O0O0OO0O

This manual is written using Sphinx, a Python document generator using the reStructuredText markup language.
Instructions on how to use these tools are available on their respective sites.

193 00000000

e To add a new module, first create a new directory (directly under the top-level of the
ggis-training-manual directory) with the name of the new module.

* Under this new directory, create a file called index . rst. Leave this file blank for now.
* Open the index. rst file under the top-level directory. Its first lines are:

. toctree::
:maxdepth: 2

foreword/index
introduction/index

You will note that this is a list of directory names, followed by the name index. This directs the top-level index
file to the index files in each directory. The order in which they are listed determines the order they will have in
the document.

* Add the name of your new module (i.e., the name you gave the new directory), followed by /index, to
this list, wherever you want your module to appear.

* Remember to keep the order of the modules logical, such that later modules build on the knowledge pre-
sented in earlier modules.
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* Open your new module’s own index file ([module name]/index.rst).
* Along the top of the page, write a line of 80 asterisks (). This represents a module heading.

* Follow this with a line containing the markup phrase |MOD | (which stands for “module”), followed by the
name of your module.

* End this off with another line of 80 asterisks.

* Leave a line open beneath this.

* Write a short paragraph explaining the purpose and content of the module.
* Leave one line open, then add the following text:

. toctree::
:maxdepth: 2

lessonl
lesson?2

... where lessonl, lesson2, etc., are the names of your planned lessons.

The module-level index file will look like this:

R R I S b I S S b 2 I b S b S b S b e Sb b b Sb b S b I b b b S S b I 2h b I b S Sh e S b S b e b b b b b S b b b b b b b I Sb b S b i i

|MOD| Module Name

Ak hkhkhkhkhkhkhhkhkhhkhhhkhhhkhkhhkhhhk kb hhk bk kb hk bk bk bk bk bk hkhkhkrhkhkrhkhkhk kb hk kb kb hkhkhkhkhkhkhkhkhkhkhkhxkxkx
Short paragraph describing the module.

. toctree::
:maxdepth: 2

lessonl
lesson2

194 0000000

ocooooooooopoOoooooOoooon:
- 00000DOOOODOOO
* Open the index. rst file (created above in the case of new modules).
 Ensure that the name of the planned lesson is listed underneath the t oct ree directive, as shown above.
* Create a new file under the module directory.

* Name this file exactly the same as the name you provided in the module’s index. rst file, and add the
extension . rst.

O 0O O: For editing purposes, a . rst file works exactly like a normal text file (. txt).

* To begin writing the lesson, write the markup phrase | LS |, followed by the lesson name.

¢ In the next line, write a line of 80 equal signs (=).

* Leave a line open after this.

* Write a short description of the lesson’s intended purpose.

¢ Include a general introduction to the subject matter. See the existing lessons in this manual for examples.

* Beneath this, start a new paragraph, beginning with this phrase:
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**The goal for this lesson:«*x

* Briefly explain the intended outcome of completing this lesson.

* If you can’t describe the goal of the lesson in one or two sentences, consider breaking the subject matter up
into multiple lessons.

Each lesson will be subdivided into multiple sections, which will be addressed next.

195 00000000

There are two types of sections: “follow along” and “try yourself”.

* A “follow along” section is a detailed set of directions intended to teach the reader how to use a given aspect
of QGIS. This is typically done by giving click-by-click directions as clearly as possible, interspersed with
screenshots.

* A “try yourself” section gives the reader a short assignment to try by themselves. It is usually associated
with an entry in the answer sheet at the end of the documentation, which will show or explain how to
complete the assignment, and will show the expected outcome if possible.

Every section comes with a difficulty level. An easy section is denoted by | basic |, moderate by |moderate|,
and advanced by |hard].

19.5.1 Adding a “follow along” section

* To start this section, write the markup phrase of the intended difficulty level (as shown above).
* Leave a space and then write |FA | (for “follow along”).

* Leave another space and write the name of the section (use only an initial capital letter, as well as capitals
for proper nouns).

¢ In the next line, write a line of 80 minuses/dashes (—). Ensure that your text editor does not replace the
default minus/dash character with a long dash or other character.

* Write a short introduction to the section, explaining its purpose. Then give detailed (click-by-click) instruc-
tions on the procedure to be demonstrated.

¢ In each section, include internal links, external links and screenshots as needed.

* Try to end each section with a short paragraph that concludes it and leads naturally to the next section, if
possible.

19.5.2 Adding a “try yourself” section

* To start this section, write the markup phrase of the intended difficulty level (as shown above).
* Leave a space and then write | TY | (for “try yourself”).

¢ In the next line, write a line of 80 minuses/dashes (-). Ensure that your text editor does not replace the
default minus/dash character with a long dash or other character.

» Explain the exercise that you want the reader to complete. Refer to previous sections, lessons or modules if
necessary.

¢ Include screenshots to clarify the requirements if a plain textual description is not clear.

In most cases, you will want to provide an answer regarding how to complete the assignment given in this section.
To do so, you will need to add an entry in the answer sheet.

* First, decide on a unique name for the answer. Ideally, this name will include the name of the lesson and an
incrementing number.
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oooobooooboan:

:ref: ‘Check your results <answer—name>"‘

* Open the answer sheet (answers/answers.rst).
* Create a link to the “try yourself” section by writing this line:

. _answer—name:

* Write the instructions on how to complete the assignment, using links and images where needed.
* To end it off, include a link back to the “try yourself” section by writing this line:

:ref:'Back to text <backlink-answer-name>"‘

* To make this link work, add the following line above the heading to the “try yourself” section:

. _backlink—-answer—name:

Remember that each of these lines shown above must have a blank line above and below it, otherwise it could
cause errors while creating the document.

19.6 Add a Conclusion

* To end a lesson, write the phrase | IC| for “in conclusion”, followed by a new line of 80 minuses/dashes
(-). Write a conclusion for the lesson, explaining which concepts have been covered in the lesson.

19.7 Add a Further Reading Section

- 0J0000DODOOODODO.
* Write the phrase FR for “further reading”, followed by a new line of 80 minuses/dashes (-).

* Include links to appropriate external websites.

19.8 Add a What’s Next Section

* Write the phrase |WN| for “what’s next”, followed by a new line of 80 minuses/dashes (-).
* Explain how this lesson has prepared students for the next lesson or module.

* Remember to change the “what’s next” section of the previous lesson if necessary, so that it refers to your
new lesson. This will be necessary if you have inserted a new lesson among existing lessons, or after an
existing lesson.

19.9 Using Markup

To adhere to the standards of this document, you will need to add standard markup to your text.

19.9.1 New concepts

* If you are explaining a new concept, you will need to write the new concept’s name in italics by enclosing
it in asterisks ().

574 Chapter 19. Appendix: Contributing To This Manual



QGIS Training Manual, 0 0 00O 2.8

This sample text shows how to introduce a *new conceptx.

19.9.2 Emphasis

» To emphasize a crucial term which is not a new concept, write the term in bold by enclosing it in double
asterisks (x *).

* Use this sparingly! If used too much, it can seem to the reader that you are shouting or being condescending.

This sample text shows how to use xxemphasisx*x in a sentence. Include the
punctuation mark if it is followed by a xxcomma, ** or at the xxend of the
sentence. x*

19.9.3 Images

* When adding an image, save it to the folder _static/lesson_name/.
¢ Include it in the document like this:

image:: /static/training_manual/lesson_name/image_file.extension
ralign: center

* Remember to leave a line open above and below the image markup.

19.9.4 Internal links

* To create an anchor for a link, write the following line above the place where you want the link to point to:

_link-name:

¢ To create a link, add this line:

:ref: ‘Descriptive link text <link-name>"‘

* Remember to leave a line open above and below this line.

19.9.5 External links

¢ To create an external link, write it out like this:

‘Descriptive link text <link-url>‘_

* Remember to leave a line open above and below this line.

19.9.6 Using monospaced text

e When you are writing text that the user needs to enter, a path name, or the name of a database element such
as a table or column name, you must write it in monospaced text. For example:

Enter the following path in the text box: :kbd:‘path/to/file’.

19.9.7 Labeling GUI items

e If you are referring to a GUI item, such as a button, you must write its name in the GUI label format. For
example:
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To access this tool, click on the :guilabel:‘Tool Name' button.

* This also applies if you are mentioning the name of a tool without requiring the user to click a button.

19.9.8 Menu selections

* If you are guiding a user through menus, you must use the menu — selection — format. For example:

To use the :guilabel:‘Tool Name' tool, go to :menuselection: ‘Plugins -->
Tool Type —-> Tool Name'‘.

19.9.9 Adding notes

* You might need to a note in the text, which explains extra details that can’t easily be made part of the flow
of the lesson. This is the markup:

[Normal paragraph.]

. note:: Note text.
New line within note.

New paragraph within note.

[Unindented text resumes normal paragraph.]

19.9.10 Adding a sponsorship/authorship note

If you are writing a new module, lesson or section on behalf of a sponsor, you must include a short sponsor message
of their choice. This must notify the reader of the name of the sponsor and must appear below the heading of the
module, lesson or section that they sponsored. However, it may not be an advertisement for their company.

If you have volunteered to write a module, lesson or section in your own capacity, and not on behalf of a spon-
sor, you may include an authorship note below the heading of the module, lesson or section that you authored.
This must take the form This [module/lesson/section] contributed by [author name].
Do not add further text, contact details, etc. Such details are to be added in the “Contributors” section of the
Foreword, along with the name(s) of the part(s) you added. If you only made enhancements, corrections and/or
additions, list yourself as an editor.

19.10 Thank You!

Thank you for contributing to this project! By so doing, you are making QGIS more accessible to users and adding
value to the QGIS project as a whole.
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20.1 Results ForOU O OO0 ooooQ

20.1.1 V 00
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goooood

20.2 Results ForO O OO0 ooooooOoOd

20.2.1 € oo0o0n (Coo 1)

Refer back to the image showing the interface layout and check that you remember the names and functions of the
screen elements.
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203 ResultsFor OO OO0 OO0 OoOnO

20.3.1 i Shapefiles

oooooooogsooobooooooo:
- 00
- 00
- 00
goOgonoo
- 0O0.
gooooon

20.3.27‘DDDDDD

ubbooboboobooboobooboobooboobboooboobooboaobooboban
obooooOobooooobobooon

goooood

20.4 Results For Symbology
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06006 QGIS 2.0.1-Dufour - basic_map

DEBBLEY 0 ARABPLLALRE & & BvpE BE =0 32 1 BY
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20.4.2 ODDDDDDD

ooooooboooobobobooobobooooon:
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QGIS 2.0.1-Dufour - basic_map

o
o

(]
DOEBRINSALLH2APLLLAR & & b E BE = 52 0 BR
4./ BRRB/& a0 @@ E%DS

206 Layers
Vo[> @ - paces
o
b
,ﬂ»@;c:n.num
»

@
@
@
%
O
P

/

There s a new o ladle (8] Coordinate: | 204192340180 | Scale (122771 17) (8| 4 Render EPSGi4326 (G [1] |

gboboobobooboobdooooboobooooboobooboobooboooonog
- J000Db0O0OODODOOODOODOODOODOODbOOODOODODbOOD

- 00000000 DODODOOOOOOODOODOOOOCOOODOOOODbDODbOODOOOOOOn
ooobobooooobooooooo

* Also feel free to experiment with different Fill Style and Border Style settings for the polygons.
goooooo

204.3 ODDDDDDD
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o
o

QGIS 2.0.1-Dufour - basic_map
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googoood

2044 ‘DDDDDDDD

gbooobOobooooboboooooboooooooDo:

20.4. Results For Symbology 581



QGIS Training Manual, D000 2.8

8.0.68 /! Layer Properties - roads | Style
%, General ¥ Layer rendering
Layer transparency (:/ El@
€= Labels Layer blending mode { Normal = ] Feature blending mode Normal :]
E=5 Fields
L 4 Rendering ‘ i Single Symbol ¢_|
@ Display [
@ Unit | Millimeter 4|
Actions —~ o
%) Transparency 0% ()=; Width 1.00000 l;J
-« i
¥ Joins Color
|ER Diagrams Sl Saved styles [ |l|
- mesmmmmn 1] (8] (3]
Simple line
Bridleway Canal Canal rive Constructic Crossing Cycle patl Dam
Simple line
_ — — ]
Ditch Drain Floodway  Footpath Jetty Living st LockedRoad
I s BN ——
Motorway Motorway |i Pedestrian v Primary lin  Primary ro. Residential Residential
River Riverbank Road Secondary r Steps Stream Tertiary ro.
Trunk roa  Tumning cir Unclassified Waterfall Weir
N | Symbolw | | Advancedw |
| ® || = =5 L : : :
[ Load Style ... ] [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | [ Apply | | Cancel |

gbooobOobooooobooooboobooooobobooooboboooooboooooboOoboOonoo
- J00O00DOODOOOOOOOOODOOODOODOOOOOOODOOODOOOODOOODO

bobooboboobooboooooobooboooooboan:
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[+ Enable symbol levels

Define the order in which the symbaol layers are rendered. The
numbers in the cells define in which rendering pass the layer
will be drawn.

Layer 0

Layer 1

0

1

- J000D0O0O0OOODOOOODOOOOOOODOOOODOOn:

= E:

SPRAAPLRALBR & & B b E BE =9 po 1 B
T

R Y Y LY

<[ ez | See [17ssz (3] Render EPSG432 (][]
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goooooo

20.4.5 ODDDDDDD

- 000000000 DOOOOODOOOOODOODbOOOO:

[+ 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
will be drawn.

Layer O Layer 1
T trunk B w3

—tertiary - 1 2

— unclassified =— 0

- J000DOO0OO0OO0OODOOOODOODOOOOODOODbOOO
- J000D0O0O0OOODOOOODOODOOOOODOOOODOObOOODO
goooooo

20.5 Results ForOU O OO O

20.5.1 ODDDDD

The NAME field is the most useful to show as labels. This is because all its values are unique for every object and
are very unlikely to contain NULL values. If your data contains some NULL values, do not worry as long as most
of your places have names.
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goooooo

20.6 Results ForU O OO0 OO

20.6.1 yEIDDDDDDDDD(DDD 1)

Your map should now show the marker points and the labels should be offset by 2. 0 mm: The style of the markers
and labels should allow both to be clearly visible on the map:

000 QIS 2.0.1-Dufour - basic_map
DOBEBRBLR O PRI APLLLERS & 6 B & BE & 5 o BY

¥, J B oo R & Ly > @ [a =f @ g g

o - 2
(Siciccan} ‘ ey
= s p L "“
e
.mm e
"
.mmmmmmmm
S
S et e e & i
g Bt ) R Gy

20.4369,-34.0285. Scale (123396 1+ 5] ¥ Render EPSG:4326 (@3] y

ooooooo

20.6.2 €DDDDDDDDDD(DDD 2)

One possible solution has this final product:
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QGis 2.0.1

Dufour - basic_map

To arrive at this result:

<)
DEBBLR OSARAEPLLLR & 6 BhbEBE =50 1 BW
4./ BB s 0 S@E=438%8%
00 Layors
A
=
Z, lelnﬂu-
»
@
@
@ N T
% s
P - dii
L
ey,
S
= Govser
Thereis anew plugin available 5| Coordinate: [ 204016340627 | Scale [1:50000 - /] @ Render EPSG:4326 (€3]

» Use a font size of 10, a Label distance of 1, 5 mm, Symbol width and Symbol size of 3.0 mm.

* In addition, this example uses the Wrap label on character option:
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8.0.8 ./ Layer Properties - places | Labels
M. General (™ Label this layer with| name € | [ e |
% Style ¥ Text/Buffer sample
Lorem Ipsum
5 Fields
@ Display
‘Larem Ipsum m F
a:‘.® Actions C
4. =be Text Text formatting
¥ Joins "
Multiple lines
|IER Diagrams sbe Buffer Wrap on character | | | (=8
@ Background o
(i Metadata ) Shadow Line height [1.00 line ‘U @,
4+ Placement Alignment | Left +) Ev
/ Rendering -
|| Formatted numbers E'
Decimal places 3 = (:'
Show plus sign =
[ Load Style ... | | Save As Default | | Restore Default Style | | Save Style ¥ |
| Help | | Apply | | Cancel |

» Enter a space in this field and click Apply to achieve the same effect. In our case, some of the place names
are very long, resulting in names with multiple lines which is not very user friendly. You might find this
setting to be more appropriate for your map.

goooooo

20.6.3 v Using Data Defined Settings
* Still in edit mode, set the FONT__SIZE values to whatever you prefer. The example uses 16 for towns, 14
for suburbs, 12 for localities and 10 for hamlets.
- J0000D0DODO0DODOOOUDODOUOUOODDOOOD

* Return to the Text formatting options for the places layer and select FONT__SIZE in the Attribute field of
the font size data override dropdown:
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8608 ] Layer Properties - places | Labels
General [ Label this layer with| name [ &.

% Style ¥ Text/Buffer sample

‘abe  Labels

B8 Fields

® Display

Lorem Ipsum

[Lorem Ipsum

[%]= — I
B Actions i -
‘o Textstvie )
LoD "% Formatting ‘
Font | Lucida Grande DR=E |
IR Diagrams a8 Buffer >
@ Background | Style ( DREE
7 Metadata ) Shadow -
B 1
% Placement @ = = & = < / ‘
_/ Rendering | Size [13.0000 el K |/
[ points :] Data cfieljmed override K
Description...
Colar ]
Attribute field /Ay
T O 5 Field type: string, int, double b [JESSERENEHEN
name  (string)
Typecase | No change B Ed;‘ . barrier  (string)
* Spacing letter [0.0000 IZ]| Paste :';?h"‘z:rm:;"'"g)
word 0.0000 [BR=N| address  (string)
is_in  (string)
Blend mode | Normal DREE place (string)
man_made (string)
— other tags  (string)
FONT SIZE (integer)
( Load Style .. | [ SaveAs Default | [ Restore Default Style | | Save Style v
Help Apply Cancel @
S =
Your results, if using the above values, should be this:
000 QIS 2.0.1-Dufour - basic_map.
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20.7 Results For 0 O

20.7.1 ODDDDD

* Use the same method as in the first exercise of the lesson to get rid of the borders:

DEBBLDR OB PPLARPLLALR & 6, 8.5 8& BE =0 3o 5 B
W) BB B e e B s
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in available (%] Coordinate: | 204422040460 | Scale (123095 |v)|&Y| ¥ Render EPSG4326 (@] ]

The settings you used might not be the same, but with the values Classes = 6 and Mode = Natural Breaks (Jenks)
(and using the same colors, of course), the map will look like this:
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goooooo

208 ResultsFor 0 00000000 OODOODOOO

20.8.1 &DDDDDDD

The symbology doesn’t matter, but the results should look more or less like this:

o (QGIS 2.0.1-Dufour - basic_map
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gbooobood

20.8.2 &DDDDD:DDDDDDDDD

obooboooobooobooooooboooooobooobooboobooboobobobooboonbn
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B oo I

000 QG5 2.0.1-Dufour - basic_map
CERLDR 0SRBLARAPLALR & 6 B8 BE &0 32 0 BW
PIMB R & EIE O oI -
SRR
A .
w & = buildings 2N -
': : g :;m <\ " x . ‘x  Zonefets eitenef) ot Bl @t
v & V routes ,(/4‘,:50 N ™
: St
B, @ e / o !_;1&4,\\ i x
@ E & voootsropary x ‘&\X\\\;}E}&)Z’L L 9 o
@ () i 04200 2010 927.7G8 _LATLNG y x . -
@ o . )
% R ; x x
Vir L% "ot eened s Reep i & Shep
4 .
S x 8 ¢ . x x
: b x ‘-\,}.‘l.m“

Validation finished.

* Undo your edit before continuing with the exercise for the next tool.

ooooooo

There is & new plugin avaiable (8] Coordinate: |

20.42816,34.03725 | Scale (19078

+) [&/] @ Render EPSG:4326

20.8.3 0 Topology: 000D O OOOO

e 000 Bontebok National Park O 000 OO :

T W]

0060 QGis 2.0 =
EBRLOR VS LLAHNPLRALNS & @Ry p & BE =0 @0 7 B

VA7 1 B W R e I I W I T G s e

PRV AUBRREPOR® LC
06 Layors

bgé;p!lm

.ﬂ»go:m

VA

B, g wen

©

@ O & swemo 20037, GB LATLNG

@

%

Vi

[d

There is a new plugin available @] Coordinate: 204470340575 Scale ({:19951 1+ 5]  Render EPSG:4326

20.8. ResultsFor OO0 00000 OOOOOODO
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- 0000DOODOO:

000 QGIS 2.0.1-Dufour - basic_map

DEBEBRBOR O AL ANPPLR/ALS & k& BE = O BY
LA 10 R &uu 22235
0%@‘3%%%9‘@%
[
> @; paces
@ bullding
L1 R
¥ o
b [
VA
B, @ e
@ » [ (- school_property
@ ()[4 3420C_2010_327_RGB_LATLNG |’
@
%
Viv
L4
. Tyenteet: NEene) Pts Reezsiton & Shep
| (Lo T
Validation finished. lugin availeble [@§| Coordinate: | 2047200,3405102 | Scale [1:7028 ) [9] @ Render EPSG:4326 [ y

* Undo your edit before continuing with the exercise for the next tool.

googoood

20.8.4 ODDDDDD

- J000DO0OO0OO0OODOCOCODOODOOOOODOOOOOOODOOOOODbOObOOOOOOObOOOn

¢ Use the feature with the OGC_FID of 1 as the source of your attributes (click on its entry in the dialog, then
click the Take attributes from selected feature button):

oooO:

If you’re using a different dataset, it is highly likely that your original polygon’s OGC_FID will not be 1.
Just choose the feature which has an OGC_FID.
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0006 Merge feature attributes
vay.id
1d Skip attribute L;] Feature 1 H‘J Feature 1 L;] Featurs 1 E]‘ Feature 1 L;] Featurs 1 L;\] Feature 1 | 3] Feature 1 }_:\] Feature 1 | 3| Feature 1 }_‘,]ﬁ
1| @ |[NULL 2855697 NULL |[Bontebok National Park & ||boundary @ |[NULL NULL NULL NULL tior
14 NULL 2855607 NULL Bontebok National Park boundary 4 |NULL NULL NULL NULL atior
Merge Skipped 2855607 Bontebok National Park boundary nati
=] | Take attributes from selected feature
= Remove feature from selection
owat | [0

0 0O 0 : Using the Merge Attributes of Selected Features tool will keep the geometries distinct, but give them the
same attributes.

ooooooo

20.8.5 ‘ oooo

For the TYPE, there is obviously a limited amount of types that a road can be, and if you check the attribute table
for this layer, you’ll see that they are predefined.

- 00D0DO0ODOOO0O0O0DDD O0O0D0ODDO :guilabel:*0000000O0DDOODO ‘ODDO0O0ODOOO
gooogno

* Select roads in the Label dropdown and highway for both the Value and Description options:

s |2 |highway | QSting |Siring |4 0 | | Unque vaes eatavie | ¥
L. e Tome T |- I | l—=—=———
M3 Attribute Edit Dialog "highway" I—l o o
~ ~
ims - i
(é‘l:z:ggauon %E:::rle o . 8.0.86 Load values from layer
on top
ata 33!"99 I Select data from attributes in selected layer.
nique values . Tl n . :
Combo box with predefined items. Value is stored in the attrib o r N
:’g?u:ar::p shown in the combo box. r { Rad in J
Enumeralion | Load Data from layer | | Load Data fram CSV file | Value highway )
Hidden P P e — ;J
D n
gheck;(}x value Description ' highway v
ext edit
Calendar 1 | | Value Description
Value relation
UUID generator 1 footway footway
Photo
Webview 2 path path
Color
3| primary primary
4 | residential residential
5| service service
6 tertiary tertiary
 Remove Selected "~ Cancel | @
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googoood

e OkODOO0ODOOOOODOOOO

* If you use the Identify tool on a street now while edit mode is active, the dialog you get should look like

.80 .8 Attributes - roads |

osm_id |2saena1aa

name |Voortrek Street

highway [ secondary

waterway | NULL

asrialway | NULL

barrier | NULL

man_made | |

other_tags | "lanes"=>"2"

209 Results ForOU O OO0 OO

20.9.1 ‘,OSMDDDDDDDDDDDDDDD

For the purpose of this exercise, the OSM layers which we are interested in are multipolygons and lines.
The multipolygons layer contains the data we need in order to produce the houses, schools and
restaurants layers. The 1ines layer contains the roads dataset.

obooobOoboobooboooooobooboooog:

594
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006 ! Layer Properties - multipolygons | General
& General ¥ Layer info
% Style Layer name ‘multipa[yguns ‘ displayed as multipolygons
&7 Labels Layer source  [Volumes/Drobo/sites/qgis/new data/osm_data.osm|layername=multipolygons
B Fields Data source encoding | System =
Rendering
¥ Coordinate reference system
® Displ .
isplay
@ Actions EPSG:4326 - WGS 84 Specify...
‘_ Joins Create spatial index Update extents
[ ] Diagrams
l/i Metadata ¥ || Scale dependent visibility
Maximum & . . Minimum . .
(irclugive) 4P |10 (exclusive) +  1:100,000,000
Current Current

¥ Feature subset

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

| Help | | Apply | | Cancel | @

Using the Query Builder against the multipolygons layer, create the following queries for the houses,
schools, restaurants and residential layers:
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& Layer Properties - multipalygons | General

& General

% Style
I3 Labels
= Fields
Rendering

@ Display
@ Actions

4

Y Joins

IER piagrams

'ri Metadata

¥ Layer info

Layer name |multipolygons

| displayed as multipolygons

L2y 0.0.8

Query Builder

multipolygons
Fields

Values

aeroway
amenity

admin_level

barrier

boundary

| building |
craft

geological

historic

lamd aran

w Operators

commercial

garage

hangar

house

retail

telephone_exchange

yes
[ Sample [ All

Use unfiltered layer

= [ > [ uke |[ %

[N || NOTIN |

[
[ <= |[ 1= |[ wke |[ anD |[ OR |[ NOT |

Provider specific filter expression

| Help \ | Test | | Clear \

"building" != "church' AND "building" I= 'commercial' AND "building” != "garage' AND "building" =
'hangar' AND "building” != "retail' AND "building" |= "telephone_exchange'

Gonee | 00

Query Builder

( Load Style ... ] [

Save As Default

\: Restore Default Style | | Save Style v |

| Help | | Apply |

| cancel | [ oOK |

596
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¢ Layer Properties - multipolygons | General

& General ¥ Layer info

= Style Layer name |multipolygons | displayed as multipolygons
Ly © 006 Query Builder

I3 Labels

multipolygons

B8 Fields Fields Values

Rendering aeroway parking

. place_of_worship
® Display admin_level police
@ Actions barrier pub
boundary - | restaurant
‘_ Joins building retirement_home
craft
[ER Diagrams e | Sample I Al ]
historic
land_aran Use unfiltered layer

(3 Metadata

w Operators

= [ < [ > J[ uke |[ % J[ IN |[ NOTIN |
<= |[ >= |[ 1= |[ ke |[ anD |[ OR |[ NOT |

[
[

Provider specific filter expression

"amenity” = |school'

| Help | | Test | | Clear | | Cancel | E

Query Builder

[ Load Style ... | [ Save As Default | [ Restore Default Style | | Save Style v |
| Help | | Apply | | Cancel | | oOK |
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& Layer Properties - multipalygons | General

l“: General ¥ Layer info

% Style Layer name | multipolygens | displayed as multipolygons
Lay © 0 6 Query Builder

€I Labels
multipolygons
B8 Fields Fields Values

g .
¢ Rendering aeroway parking

place_of_worship

admin_level police

barrier pub ify... |
boundary o restavrant |

building retirement_home

craft school

geological |
historic

@ Display
Actions

a .
¥ Joins

IER Diagrams Sample i

Use unfiltered layer

(i Metadata

w Operators

= |[ < |[ > |[ uke |[ % |[ IN |[ NOTIN |
<= |[ >= |[!= |[ ke |[ AND |[ OR |[ NOT |

Provider specific filter expression

"amenity” = 'restaurant]

| Help \ | Test | | Clear \ \ Cancel | E

| Query Builder |
| Load Style ... | | Save As Default | | Restore Default Style | | Save Style v |
| Help | | Apply | [cancel | [ oK |

Once you have entered each query, click OK. You’ll see that the map updates to show only the data you have
selected. Since you need to use again the multipolygons data from the OSM dataset, at this point, you can
use one of the following methods:

» Rename the filtered OSM layer and re-import the layer from osm_data.osm, OR

* Duplicate the filtered layer, rename the copy, clear the query and create your new query in the Query Builder.

O0O0O: Although OSM’s building field has a house value, the coverage in your area - as in ours - may not
be complete. In our test region, it is therefore more accurate to exclude all buildings which are defined as anything

other than house. You may decide to simply include buildings which are defined as house and all other values
that have not a clear meaning like yes.

To create the roads layer, build this query against OSM’s 1ines layer:
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& Layer Properties - multipalygons | General

.3

#+ General ¥ Layer info
= Style Layer name |multipolygons | displayed as multipolygons
a3 Labels Lay Query Builder
. pat Multipolygons
B8 Fields Fields Values
Rendering 1 osm_id footway I
: v & | name jpath |
® Display highway primary
@ Actions EPS waterway residential Specify...
- aerialway - | secondary
4 Joins 1 barrier service
J | man_made tertiary
|[ER piagrams JB[gctheritags [ Sample ] [ All |
"’i N, v Ol Use unfiltered layer
Ma3 ° .
{inc ¥ Operators
[ = J[ < J[ > |[ uke |[ % J[ N |[ NOTIN | 1
[ <= |[ »>= |[ = |[ ke |[ anD |[ OR |[ NOT |
v FE E
— Provider specific filter expression
"highway" != 'NULL'
| Help \ | Test | | Clear \ \ Cancel | | OK |
Query Builder
\: Load Style ... | \ Save As Default | \ Restore Default Style | | Save Style v |
| Help | | Apply | | canecel | [ oOK |

You should end up with a map which looks similar to the following:

)
o

QG5 2.0.1-Dufour - analysis

— o

B8

=

7y

&

AL ERAP LK

o

o .
o

(=]

28

3 )

)
/&

Layers

]

© restaurants

/ roads
© schools

HS P8 DBINANS 8D

= &

«“
o

" % W

R & &, e BE =0ne I B

8] Coordinate: | a95772.62229%

goooooo

Scile 1377101+ [3) @ Render 5632733 @3]

20.9. Results ForO O OoodnO

599



QGIS Training Manual, D000 2.8

20.9.2 ODDDDDDD

- J000D0O00OO0ODOOOOODOOOODOODOODOO:

Input vector layer

[ schools_34S

|| Use only selected features

Segments to approximate 20|

(») Buffer distance

() Buffer distance field

| osm_id

(¥ Dissolve buffer results

Output shapefile

mes [Drobo/sites/qgis/schools_buffer_lkm.shp
] [ Close ] M

oooobOo0o o loo00b0b0ObOO@UbOO 1000000)O

* The Segments to approximate value is set to 20. This is optional, but it’s recommended, because it makes
the output buffers look smoother. Compare this:
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To this:

The first image shows the buffer with the Segments to approximate value set to 5 and the second shows the value
set to 20. In our example, the difference is subtle, but you can see that the buffer’s edges are smoother with the
higher value.

Back to text
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20.9.3 ODDDDDDDDDD

OO0 houses_restaurants_500mUd 00000000000 O0O00OO0O0COOOOCOO:
- J0000DOO0OO0O0ODOOOSOmOOOOOOODOOOODODOOOODOOOODODOO:

Input vector layer

[ restaurants_345

|| Use only selected features

Segments to approximate EI @

() Buffer distance 500

() Buffer distance field

| osm_id

 Dissolve buffer results

Output shapefile

Drobo/sites/qgis/restaurants_buffer_500m.shp

]

[ Close ] i—ﬂ—q

602
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aal

PLLAWMRE & @ 56 & BE = 52 0 BW
=

R

HS 808N AES &0

Coordinate: 445050,6236891 Scale 1:18148 |+) %] M Render EPSG:32734

- J000DOO0OOODOODOOOOODODOOO:

Select features in:

[ well_located_houses

that intersect features in:

| restaurants_buffer_500m

| | Use selected features anly
Modify current selection by:

[ creating new selection

[

e JO000OO0O0OOO0O0OOO houses_restaurants_50mO0000000O00O:
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Format [ ESRI Shapefile

Save as |:>us-e5_re staurants_500m.shp | [ Browse ]

Encoding [ System

| Layer CRS

CRS
WGS B4 [ UTM zone 345

Symbology export | No symbology

Scale 1:50000
OGR creation options

Data source

Layer

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

[ Cancel | (0K

OooooooooooocoooosomddooooOoikmO0O00OO00O0DOODOOOOSOMmOODOO
oooobooogn:
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]
]
]

xp B Smsasn®

Q615201 Dufour - analsis
RRLAPRAPL LKL & G bEEE S5 T BY

nnnnnnnnnnn

LS SHBIXNARS 50

ooooooo

20.10 Results For O OO O O

20.10.1 ODDDDD

» Set your DEM (Terrain analysis) dialog up like this:

8] Coordnate: |

446036,6235822 | Scale 118148 1+ & Render £25G:32734 () |

20.10. Results ForO OO Od
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Input file (DEM raster) DEM (v| [ Select..

Output file lidential_development/aspect | | Select...

[ Band

| | Compute edges
| | Use Zevenbergen&Thorne formula (instead of the Horn's one)

Mode [ Aspect
Mode Options

| | Return trigopnometric angle (instead of azimuth)
[+ Return O for flat (instead of -8999)

w | | Creation Options

Profile | Default

Name

[+ Load into canvas when finished

aldem aspect _ _ laGis-

ocumentation/source/docsfiraining_manuallexercise data/raster/
SRTM srtm_41_19.tif L ) _ fQGIS-
Documentation/source/docs/training_manual/exercise_data/reside
ntial_development/aspect -zero_for_flat -of GTiff

ciose | [0
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od:
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goooooo

20.10.2 v 00000 (less than 2 and 5 degrees)

* Set your Raster calculator dialog up like this:
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* For the 5 degree version, replace the 2 in the expression and file name with 5.

od:

e 210:

Raster bands Result layer
“aspect@1” Output layer |slope_lte2.tif | |£|
"aspect_north@1"
"slope@1"

X min 069491.27540 @ XMax
¥ min 6196099.34085  |(s] Y max

ossito7rs |2
oo o550 |2
et ()

Coumns a7 2] Rows
Output format [ GeoTIFF

[V Add result to project

Operators

Raster calculator expression

slope@1 <=p

Expression valid

608
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e 50:
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uboodgogad

20.11 Results For O OO OOnOonoOongd

20.11.1 gboooogn

* Open the Query Builder by right-clicking on the all_terrain layer in the Layers list, select the General tab.

e Then build the query "suitable" = 1.

* Click OK to filter out all the polygons where this condition isn’t met.
cooooo0ooOoooOoUoOooOoOoooooOooooboOoooDoOogooDoOog:
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Bt OO O 2 R b L O e

Input file (raster) |all_conditinns_simple t| | Select... |

Output file for polygons (shapefile) Lbofsitesfqgisfall_terrain.shp| [ Select... ]

E 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” / Jagis/all_terrain.shp all_terrain suitable

Help '

* You can save this layer by right-clicking on the all_terrain layer in the Layers list and choosing Save As...,
then continue as per the instructions.

ooooooo

20.11.2 ‘DDDDD

You may notice that some of the buildings in your new_solution layer have been “sliced” by the Intersect
tool. This shows that only part of the building - and therefore only part of the property - lies on suitable terrain.
We can therefore sensibly eliminate those buildings from our dataset

goooooo

20.11.3 ‘DDDDDDD

gboooboobooboobooboobobog:
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QIS - analysis
D@L sRAPLAKRE & G NG E BE = ke O BY
B F% % %as 8

» ™ schools_34s

R Y YR

T Browser |

448589,6235620 Scale (17,037 1+) (%] @ Render £p5G:32734

Consider a circular area, continuous for 100 meters in all directions.

If it is greater than 100 meters in radius, then subtracting 100 meters from its size (from all directions) will result
in a part of it being left in the middle.
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Therefore, you can run an interior buffer of 100 meters on your existing suitable_terrain vector layer. In the
output of the buffer function, whatever remains of the original layer will represent areas where there is suitable
terrain for 100 meters beyond.

To demonstrate:
* Go to Vector — Geoprocessing Tools — Buffer(s) to open the Buffer(s) dialog.
e 0J000ODOODOODOODOO:
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Input vector layer

suitable_terrain_345

|| Use only selected features

Segments to approximate

() Buffer distance
() Buffer distance field

suitable

10

¥ Dissolve buffer results

Output shapefile

suitable_terrain_continuous_100m.shp

M Add result to canvas

[ Close ] M

* Use the suitable_terrain layer with 10 segments and a buffer distance of ~100. (The distance is automati-

cally in meters because your map is using a projected CRS.)

e Save the

suitable_terrain_continuousl00m. shp.

output in exercise_data/residential_development/ as

- 0J000D00000DOO000O0D00D suitable_terrain000000000000000DOO

gooono

ubooobOoboooobooooo:
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QGIS - analysis

DEBROR OB@A s RPLAAR & 6 B ke BE =0 50 b B

4./ BRBAEHxEE SFE" 8% 2
006 Layers.

v /(7 new_solutio:

B s

%P\/U—‘bu\ld
=R

AN

®:I2

@}J@ﬁ

@

@

%

pa

[d

V]
450244,6235326 Scale (17,037 1-) &/ M Render £PSC:32734 @

* Now use the Select by Location tool (Vector — Research Tools — Select by location).

- J000DOOO0OO0OODOODOOO:

Select _t_bx location

Select features in:

[ new_solution

that intersect features in:

suitable terrain_continuous_100m

|| Use selected features only

Modify current selection by:

[ creating new selection

M Add result to canvas

[ Close ] —

¢ Select features in new_solution that intersect features in suitable_terrain_continuousl00m.shp.
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gooooooa:

0B WL 2R PLR/RMLR & G e BE =0 3 Ty B &2
4.4 BE SmtEsas B
we

LS

Lo 100m

IR

®

@»

=]

@

%

12

0l

102 feature(s) selected on layer new_solution. 450222,6235267 Scale 17937 [v) ¥ PRender EPSG:32734 @

The yellow buildings are selected. Although some of the buildings fall partly outside the new
suitable_terrain_continuousl00m layer, they lie well within the original suitable_terrain
layer and therefore meet all of our requirements.

e Save the selection under exercise_data/residential_development/ as
final_answer.shp.
ooooooo

20.12 Results For WMS

20.12.1 i Adding Another WMS Layer

Your map should look like this (you may need to re-order the layers):
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G v @ O landuse

5" BEDROCKGEOLOGY
) & osmwms

EEN Soveer |
225380259,-4051386.38 : 2305298.95 401836331 is a plugi i Coordinate: 2267339 4023529 Soale (192682 ) [3/] (¥ Render EPSG:3857 |

Back to text

20.12.2 0 Adding a New WMS Server

 Use the same approach as before to add the new server and the appropriate layer as hosted on that server:

r(s) from a Server
| Tilesets = Server Search

http:/ioge gbif.org:80Mmms &
| Load |[ Save | | Adddefault servers |

If the service requires basic authentication, enter a user name and
optional password

User name |
Password |

Referer |
[ | lgnore GetMap URI reported in capabilities
[_| lgnore GetF: URI reported in

|| lgnore axis orientation (WMS 1.3/WMTS) ]

[ | Invert axis orientation
|| Smooth pixmap transform

—
10
[ Change ...

Close
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8.0.8 Add Layer(s) from a Server
Layer Order | Tilesets | Server Search |

| cge 3
[- Connect J | New || Edit || Delete | | Load || Save | | Add default servers |
ID 4 | Name Title Abstract
» 43 gbif:sdr_1_vi... sdr_1_view_... Generated from postgis
» 45 gbifisdr_2_vi... sdr_2 view_... Generated from postgis
> 47 gbif:tabDensi... tabDensityla...
» 50 gecbonitax_... tax_cluster1 This GBIF OGC WMS layer provides over 7 million taxon occurrence records for the African continent including ...
» 52 gecbon:ax_... tax_clusteri0  This GBIF OGC WMS layer provides over 7 million taxon occurrence records for the African continent including ...
> 54 gecbon:tax_... lax_cluster100 This GBIF OGC WMS layer provides over 7 million taxon occurrence records for the African continent including ...
57 geobon_occ... geobon_occ...  Layer-Group type layer: geobon_occurence
58 geobon_tax_... gecbon_tax_... Layer-Group type layer: geobon_tax_occurrence

(#)PNG ()PNGB ()JPEG ()GIF () TIFF

Coordinate Reference System (4637 available)

Layer name |bluemarble

Tile size

Feature limit for GetFeaturelnfo 10

WGS 84 / Pseudo Mercator | Change ...

| Help | | Add |
1 Layer(s) selected
Pz

| Close |

* If you zoom into the Swellendam area, you’ll notice that this dataset has a low resolution:

[eXeXe} QGIS 2.0.1-Dufour - wms-map.

DEOEBLR O 2RIP AP L LML v & EE =D D Ay B %
B /& Lo > =M% %% R
G ® é D R e ] M (%
00 Layors

v ™ . places

v @ ( landuse
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Therefore, it’s better not to use this data for the current map. The Blue Marble data is more suitable at global or
national scales.

Back to text

20.12.3 & Finding a WMS Server

You may notice that many WMS servers are not always available. Sometimes this is temporary, sometimes it is
permanent. An example of a WMS server that worked at the time of writing is the World Mineral Deposits WMS
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at http://appsl.gdr.nrcan.gc.ca/cgi-bin/worldmin_en-ca_ows. It does not require fees or
have access constraints, and it is global. Therefore, it does satisfy the requirements. Keep in mind, however, that
this is merely an example. There are many other WMS servers to choose from.

Back to text

20.13 Results For Database Concepts

20.13.1 - Address Table Properties

For our theoretical address table, we might want to store the following properties:

House Number
Street Name
Suburb Name
City Name
Postcode
Country

When creating the table to represent an address object, we would create columns to represent each of these prop-
erties and we would name them with SQL-compliant and possibly shortened names:

house_number
street_name
suburb

city
postcode
country

Back to text

20.13.2 & Normalising the People Table

The major problem with the people table is that there is a single address field which contains a person’s entire
address. Thinking about our theoretical address table earlier in this lesson, we know that an address is made up
of many different properties. By storing all these properties in one field, we make it much harder to update and
query our data. We therefore need to split the address field into the various properties. This would give us a table
which has the following structure:

id | name | house_no | street_name | city | phone_no

——t o o o o
1 | Tim Sutton | 3 | Buirski Plein | Swellendam | 071 123 123

2 | Horst Duester | 4 | Avenue du Roix | Geneva | 072 121 122

OO0 0O: Inthe next section, you will learn about Foreign Key relationships which could be used in this example
to further improve our database’s structure.

Back to text

20.13.3 % Further Normalisation of the People Table

Our people table currently looks like this:
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id | name | house_no | street_id | phone_no
1 | Horst Duster | 4 | 1 | 072 121 122

The street_id column represents a ‘one to many’ relationship between the people object and the related street
object, which is in the streets table.

One way to further normalise the table is to split the name field into first_name and last_name:

id | first_name | last_name | house_no | street_id | phone_no
——— e o ——— fom o ————— o ——
1] Horst | Duster | 4 | 1 | 072 121 122

We can also create separate tables for the town or city name and country, linking them to our people table via ‘one
to many’ relationships:

id | first_name | last_name | house_no | street_id | town_id | country_id

An ER Diagram to represent this would look like this:

Streets

People > Towns

Countries

Back to text

20.13.4 % Create a People Table

The SQL required to create the correct people table is:

create table people (id serial not null primary key,
name varchar (50),
house_no int not null,
street_id int not null,
phone_no varchar null );

The schema for the table (enter \d people) looks like this:
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Table "public.people"

Column | Type | Modifiers
___________ o
id | integer | not null default

| | nextval ('people_id_seq’ ::regclass)
name | character varying(50) |
house_no | integer | not null
street_id | integer | not null

| |

phone_no
Indexes:
"people_pkey" PRIMARY KEY, btree (id)

character varying

OO 0O¢: For illustration purposes, we have purposely omitted the fkey constraint.

Back to text

20.13.5 v‘* The DROP Command

The reason the DROP command would not work in this case is because the people table has a Foreign Key
constraint to the streets table. This means that dropping (or deleting) the streets table would leave the people table
with references to non-existent streets data.

O0O0O: Itis possible to ‘force’ the streets table to be deleted by using the CASCADE command, but this would
also delete the people and any other table which had a relationship to the streets table. Use with caution!

Back to text

20.13.6 v‘* Insert a New Street

The SQL command you should use looks like this (you can replace the street name with a name of your choice):

insert into streets (name) values (’Low Road’);

Back to text

20.13.7 % Add a New Person With Foreign Key Relationship

Here is the correct SQL statement:

insert into streets (name) values(’Main Road’);
insert into people (name,house_no, street_id, phone_no)
values (’Joe Smith’,55,2,7072 882 33 21");

If you look at the streets table again (using a select statement as before), you’ll see that the id for the Main
Road entry is 2.

That’s why we could merely enter the number 2 above. Even though we’re not seeing Main Road written out
fully in the entry above, the database will be able to associate that with the st reet_id value of 2.

O0O0O: If you have already added a new st reet object, you might find that the new Main Road has an ID
of 3 not 2.

Back to text
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20.13.8 ' Return Street Names

Here is the correct SQL statement you should use:

select count (people.name), streets.name
from people, streets

where people.street_id=streets.id

group by streets.name;

Result:

count | name

777777 +7777777777777
1 | Low Street

2 | High street
1 | Main Road
(3 rows)

O0DO: You will notice that we have prefixed field names with table names (e.g. people.name and streets.name).
This needs to be done whenever the field name is ambiguous (i.e. not unique across all tables in the database).

Back to text

20.14 Results For Spatial Queries

20.14.1 - The Units Used in Spatial Queries

The units being used by the example query are degrees, because the CRS that the layer is using is WGS 84. This
is a Geographic CRS, which means that its units are in degrees. A Projected CRS, like the UTM projections, is in
meters.

Remember that when you write a query, you need to know which units the layer’s CRS is in. This will allow you
to write a query that will return the results that you expect.

Back to text

20.14.2 - Creating a Spatial Index

CREATE INDEX cities_geo_idx
ON cities
USING gist (the_geom);

Back to text

20.15 Results For Geometry Construction

20.15.1 %" Creating Linestrings

alter table streets add column the_geom geometry;
alter table streets add constraint streets_geom_point_chk check
(st_geometrytype (the_geom) = ’'ST_LineString’::text OR the_geom IS NULL);
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insert into geometry_columns values (’’,’public’,’streets’,’the_geom’,2,4326,
"LINESTRING’ ) ;
create index streets_geo_idx
on streets
using gist
(the_geom) ;

Back to text

20.15.2 % Linking Tables

delete from people;
alter table people add column city_id int not null references cities (id);

(capture cities in QGIS)

insert into people (name,house_no, street_id, phone_no, city_id, the_geom)
values (’'Faulty Towers’,
34,
3/
"072 812 31 287,
1!
"SRID=4326;POINT (33 33)");

insert into people (name,house_no, street_id, phone_no, city_id, the_geom)
values (’IP Knightly’,
32,
1!
071 812 31 287,
1,F
" SRID=4326;POINT (32 —-34)');

insert into people (name,house_no, street_id, phone_no, city_id, the_geom)
values (’Rusty Bedsprings’,
39,
ll
071 822 31 28",
1/
"SRID=4326;POINT (34 -34)");

If you’re getting the following error message:

ERROR: insert or update on table "people" violates foreign key constraint
"people_city_id_fkey"
DETAIL: Key (city_id)=(1) is not present in table "cities".

then it means that while experimenting with creating polygons for the cities table, you must have deleted some of
them and started over. Just check the entries in your cities table and use any id which exists.

gbooooon

20.16 Results For O OO0 OO0 d

20.16.1 % Populating Tables

create table cities (id serial not null primary key,
name varchar (50),

20.16. Results ForO OO oo Ogd 623



QGIS Training Manual, 0 000 2.8

the_geom geometry not null);
alter table cities
add constraint cities_geom_point_chk
check (st_geometrytype (the_geom) = ’ST_Polygon’::text );

gboooogd

20.16.2 © Populate the Geometry_Columns Table

insert into geometry_columns values
('’ ,’public’,’cities’,’the_geom’,2,4326," POLYGON') ;

goooood

20.16.3VDDDDDDDD

select people.name,

streets.name as street_name,

st_astext (people.the_geom) as geometry
from streets, people
where people.street_id=streets.id;

Result:

Roger Jones
Sally Norman
Jane Smith

High street
High street
Main Road

Joe Bloggs Low Street
Fault Towers Main Road POINT (33 —-33)
(5 rows)

gbooobooooooboboobobooooD 00 obO0oooooDon

gboodgogd
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