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1 Preface

A Geographic Information System (GIS) can be a useful tool faanprgghe input of models and

tools. Furthermore, i this era of Open Data ample open access data is available that can easily be
retrieved from the internet and integrated impen sourcedesktop GIS software, such as QGIS.

These exercises will guide ydudugh different steps that are needed to preprocess data to be used
in models and tooldn the first exercise you will learn how to register a scanned topographic map
and use it as a backdrop for digitizing vector data. In the second exercise yoamithéav to import
data from spreadsheets into a GIS and to use it to join tables, manipulate the attribute table and
interpolating the data to a continuous raster layér.the third exercise you will download open
access data from OpenStreetMap and udeiitfurther analysis and conversion. The geodatabase will
also be introduced in this exercise. In the fourth exercise you will use map algebra for spatial
planning. Finally, you will learn how to delineate catchments and stsfanm digital elevation

models and to present them in maps or in an interactive webpage.

The exercises have been developeddifferent MSc programmes #tEDelft and tailor made

trainings in Ugada, financed by the Vitens Evides International (VEI) fund. | would like to thank Jan
Hoogendoorn and Jonne Kleijé31S experts from VHEdy their contribution to these exercise$he

Adjumani dataset was developed by VEI and the National Water and Sewerage Corporation (NWSC)
Ay ' 3AFYRFE® LQY (KFy 1l FdzZ 7Tefddbdickt®daNdlirpd@®sy A aaA2y G2

In the near future we will further update the exercises and distribute it as @mnseWare sthe
whole community can use the course materials.



2 Introduction

2.1 Learning objectives
Atfter followingthis step-by-steptutorial youwill be able to:

= =4 =4 =4 =4 4 4 -4 -4 -4

U= QGIS in its main functionalities, also in conjunction itlgins
Digitize features from a scanned map or satellite image

Import tabular data in a GIS

Do simple vector analysis

Interpolate point data

Convert vector and raster data

Repoject vector and raster data

Use map algebra

Use online data

Perform catchment and stream delineation

2.2 Software requirements
During the next exercises we will make use of the following software:

=A =4 =4 =

You need an internet connection to download plugins or to use the open access data.

QGISver 3.4 (Madeirg or higher,
GoogleEarth,

Firefox Mo#la

MS Excebr OpenOffice Calc

2.3 Preparation

Please note that QGIS is already installed on the laptoib$EoDelfparticipants. Please do not
change the versioand skipthis sectionThe exercises have been tested for GGIS

1) Download QGI8om http://www.qgis.org/en/site/forusers/download.html

2) InstallQGIS
3) Install the exercise datom http://ocw.unesco-ihe.org

2.4 Convention

Throughout this guide we have used three different fonts according to what kind of operation we

wanted to point at:

Calibri, is used for the main text
Times New Roman, Italic, is used to identify software commands

Courier New is used for text input, that is text that you have

to write in the software, or for file names


http://www.qgis.org/en/site/forusers/download.html

3 Getting familiar with QGIS

3.1 Start QGIS3
You can start QGBEDesktop by looking for it in the Start menu or using the search function. Make
sure you open th&GIS Dddop with Grassin order to have all functionality we need.

D @ Filters ~ 3

Best match

Q‘ QGIS Desktop 3.4.1 with GRASS 7.4.2
N Desktop app

Recent

& adjumani

& print_layout

& exercise 5

Apps

(2 QGIS Desktop 3.4.1

[ QGIS Desktop 3.0.3 with GRASS 7.4.0

O qgis desktop 3}

3.2 The screen
Like many commercial GIS also QGIS has a "traditional" GIS layout.

It is made of théStandard System Memr Main Menu(we will refer to Main Menu in the following
pages) which is aiays on the top of the software's window, of standaodlbarslike the Zoom
Tools, or others that can be activated clicking in the Main Méiewand thenToolbars

On the left hand side there is thiable of ContenfLayers ligtarea, where all the lays displayed
are shown. To the left of this space there is a vertical toolbarMbeage Layergolbar.

In the centre of the windovis the Map Canvaswhere all maps will be displayed.

More information about the QGIS Graphical User Interface can belfbare:
http://docs.qgis.org/2.18/en/docs/user manual/introduction/qgis gui.html



http://docs.qgis.org/2.14/en/docs/user_manual/introduction/qgis_gui.html
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4 Digitizing from a sc anned map

4.1 Introduction
In order to use hardcopy maps in a GIS, they need to be scanned and georeferenced. Georeferencing
is also needed for raw remote sensing images, such as aerial photographs and satellite images.

For the best result, choose a map shé#wit is clean and does not have too many folds. Use a
scanner that is large enough to scan the whole map. The resolution of the scanner should be large
enough (e.g. 1200 dpi) to have enough detail in the resulting raster maps.

For georeferencing we need tink locations on the scanned image to coordinates. There are two
ways:

1. Collect ground control points (GCPs) at locations that are clearly visible in the image, such as
bridges and junctions.

2. If the hardcopy map contains a coordinate grid, you can usethted grid as a reference.
Make sure that you know the projection of this grid, which usually is stated on the map.

In this exercise we will use a scanned map of Mount Marcy (USGS, 1979)
(Mount_Marcy New_York USGS topo_map_ 1979.JPG ), which we will gereference with
the coordinate grid printed on the map. You can find the data (Data Exercise 1) on the
OpenCourseWare websitat{p://ocw.unescaihe.org/course/view.php?id=1)1Save the map on
your hard drive (e.g.

D:\ QGIS_Exercises \ Exercise_1 \ Mount_Marcy New_York USGS_topo_map_ 1979
JPG

4.2 Choosing the projection

Have a look at the scanned map and try to find the projection that has been used. You can use any
image viewing software for this. Whiginojection was used? Look for the EPSG code in
http://www.spatialreference.organd write it down.

4.3 Enable the Georeferencer GDAL plugin
TheGeoreferencer GDAL pluggna core plugin, which means that it isealdy installed. In order to
use it, you need to activate it. This works as follows:

1. Inthe main menu go t®luginsA Manage and install plugirs
2. Search foGeoreferencer GDAnd check the box
3. ClickClosdo close the dialogue


http://ocw.unesco-ihe.org/course/view.php?id=11
http://www.spatialreference.org/

2 Plugins | All (275) ?

| & geor @

# Another DXF Importer / DXF2Shape Converter
# Freehand raster georeferencer
Georeferencer GDAL
# ImportPhotos

& QWeather

zﬁ'i Upgradeable & RiverGIS

# Video Uav Tracker

»
" New Category Raster
I

nlln

This is a core plugin, so you can't uninstall it

W Not installed

Georeferencing rasters using GDAL

) Installed version ‘Version 2.1.9
Invalid

%% Install from ZIP

1 | i
# Settings Upgrade All Uninstall Plugin | Reinstall plugin |

Help |

Close

4.4 Importing the scanned map into the Georeference GDAL plugin
1. From the main menu choodRasterA Geor ef er encer é

Click the Open Raster buttL

Browse to theMount_Marcy_New_York _USGS_topo_map_1979.JPG file

A window will open where you have to specify teordinate Reference Syst€@RS)f this
input map. It does not yet have a CRS, so you canCdinkel

N

> w

4.5 Setting the transformation parameters
First we have to set the transformation settingge also screenshot on next page)

1. Inthe menu choos&ettingsA Transformation Settip s é
2. Here you can choose:

a. Different transformation types. A simple linear transformation can be used if the
map is not much deformed. The other ones can be tried when more deformation
exists.We will start with a linear transformation.

b. Resampling method: fou need the pixel values in further calculations, it is best to
choose the nearest neighbour option. This resampling method will preserve as much
as possible the original pixel values by choosing the nearest one. Visually, however,
this method resultsim  aof 201 @¢ YI LD LT GKS Lldz2N1}2asS A
example as a backdrop for digitization of vector layers, then it is better to choose
another resampling methoddere we will use the cubic methqdvhich uses the
average of the 4 nearest pixels.

c. TargetSRS: here choose the code that you have noted befeRSG:26718 . You
can choose it by clickin_ | and using typing 26718 in the filter field.

Browse to the folder where you want to save the georeferenced map. The tool automatically

adds_modified to the file name. So in our case the georeferenced file will be named
D:\ QGIS_Exercises \ Exercise_1 \ Mount_Marcy New_York USGS_topo_map
1979 modified . tif

Keep the other settings on default and check the boad in QGIS when darEhe dialogue
should look likehe one below.
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» Transformation Settings

—Transformation parameters

Transformation type [T ~ |

Resampling method ICubic ;I

Target SRS |EPSG:26718 - NAD27 / UTM z0ne 18N = 8|
—Output settings

Output raster ID:IQGIS_Exen:isesExerl:isE_1,;’Ml::unt_Marr:y_New_'1'l::rk_USGS_bJpD_map_lQ?Q_modiﬁEd.h'f |

Compression INone j
™ Create world file only {linear transforms)

[” Useofor transparency when needed
[” set target resolution

Horizontal |0.00000 =
Vertical |-1.00000 =]
—Reports

Generate PDF map I

|
Generate POF report I _I

¥ Loadin QGIS when done

0K | Cancel | Help |

4.6 Adding Ground Control Points (GCPs)
In order to link the file coordinates to real world coordinates, we need to indicate Ground Control
Points (GCPs) with known coordinates. We can derive these coordinates in different ways:

1 The easiestvay is to use the coordinate grid on the scanned map if this is available and if it is
in a known projection. We click on a node in the grid and type the corresponding X and Y
coordinates in the dialogue.

1 Using a reference map in the QGIS map canvas tmaheady been georeferenced. In this
way we can obtain the right coordinates by clicking on the reference map.

1 Using GCPs that were measured in the field using a GPS.

Here we will use the coordinate grid that is printed on the map.

1. Zoom in on thenode wih coordinate 581000 East and 4885000 North.
2. Click theAdd Poinbutton *% to add a GCP.

11



3. Enter the map coordinates in the pap window:

! Enter Map Coordinates

Enter X and Y coordinates (DMS (&d mym s5.55), DD (dd.&d) or projected coordinates (myrvmrmm))
which correspond with the selected point on the image. Alternatively, click the button with icon of a
pencil and then click a corresponding point on map canvas of QGIS to fill in coordinates of that point.

X / East |581000 Y / North 4885000

oK I £ From map Gmrasl Cancel |

A
If you have a reference map in the QGIS map canvas, you can use the From map canvas
button to capture the coordinatand perform an image to image georeferenciktgre we

will only type the coordinates form the map grid.

4. PresOK Now your screen should look like this:

» Georeferencer - Mount_Marcy_New_York_USGS_topo_map_1979.JPG

File Edit View Settings

|| > 475 %5

21353558 [0 2 2 P R 53 e || fie b
MOUNT MARCY, NEW YORK  ESSEX COUNTY

5g1000mE 582 583
=% w.zm-"z‘vﬂ-mi llll;l///llﬂl ”ﬂﬂ({lllﬁml“ﬁlll

°'“!0

=~ 0 7y
e ?‘Zi"'e '

as? o

&) &5V R o
= ‘7/ }939 {
& Land \\\ ZEC
“7""»‘ m/J?ZEx \/\\\ r/\rCA \ﬁ(\\
GCP table
Visible l D Source X Source Y Dest. X Dest. Y I dX (pixels) dY (pixels) I Residual (pixels) I
™ 0 338.473 -365.515 581000 4.885e+06§ 0 0 0

fTransform: Linear Translation (0, 0) Scale (9.34606e-307, 3.69126e-317) Rotation: 0 ; 546.9,-150.4 | None A

The red dot is the location that you have referenced. In the table below the map, you can see
the Source X and Source Y coordinates. These are the unreferenced file coordinates. Their
values depend on which pixel you clicked for placing the GCP, so it can differ from the
screenshot above. Dest. X and Dest. Y show the real world coordinates thatwelinkad

to this location. The other fields of the table have to do with estimated accuracy and will be
filled in after adding more points.

5 [ SiQa OK22aS | &aSO2yR D/t Ay GKS dzLJISNI NR IKG
as with the first GCF.our screen should look like this:
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w Georeferencer - Mount_Marcy_New_York_USGS5_topo_map_1979.JPG

File Edit View Settings

|| > L& %55 @

NP LP QS et

MINUTE SERIES (TOPOGRAPHIC)

539 650 000 FEET S
'\ \;k?

TR TN
N Tﬁ

A== (

=yl )

g ; 556
/
s }[‘ r
t--“"-l-_ | | = b ."ﬁ'\_
GCP table g X
Visible D Source X Source Y Dest. X Dest. Y dx (pixels) dY (pixels) Residual (pixels)
=] i 338.473 -363.515 581000| 4.885e+06 4.04157e-11 -1.866172-09 1.866612-09
il 3883.52 -215.015 599000| 4.886e+06 B8.32188e-11 -2.56591e-09 2.56726e-09

| Transform: Linear Translation (579281, 4.88743e+06) Scale (5.07751, 6.64449) Rotation: 0 Mean error: 0 | 4158.7,-102.7 | Mone

2|

You can see that some error statistics have been calculated. With only two points this does

not make much sense. The minimum amount of GCPs for a linear transformation should be
4.

. Add in a similar way a GCP in tbeer left and the lower right corner of the map. If you

”

made a mistake you can remove the GCP by usiniébete pointoutton “_ Your screen

should look like this:

s Georeferencer - Mount_Marcy_New_York_USGS_topo_map_1979.JPG

File Edit View Settings

P | ns” s | < || &
|| > L7878 @ 57570 :
= ZA 0 NN /!
7 \\\\j// / // /
= NN/ /
) N~ /Y
S/ /)(
=z J NN
=7 J A n\\\ / 2
&
7S 0) “ o \ S ﬂl\\
= SN % N\
uwng s ~ / \ \
7 {\ . |
’. | (&/
S < N
m\\\ /
S i / g
,/\\ ‘-\\‘ VAN .L\( \\/\V’::’.m
GCP table g X
Visible D Source X Source Y Dest. X Dest. Y dX (pixels) dy (pixels) Residual (pixels) I
0 338.473 -365.515 581000 4.885e+06 -15.6765 23.6178 28.347 |
= 1 3883.52 -215.015 599000 4.886e+06 -17.2501‘\ -22.7089 28.5177
= 2 4046.49 -2776.51 600000 4.873e+06 16.63243L -25.4464 30.3999
= 3 306.503 -2726.52 581000 4.873e+06 16.2942 | 24.5376 29.4549
\ Transform: Linear Translation (579360, 4.88698e+06) Scale (5.07977, 5.08059) Rotation: 0 Mean error: 41.2829 354,-2568 fNone 4
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At the bottom of the screen you can see the estimated mean erroR8R®pixelsin our
case). The error is alsgsualizedat the GCPs using a red lif@bviously your values will not
be exactly the same.

There are two ways to reduce the error:

;f
a. Use the = putton (move GCP point) to place the GCPs really at the nodes where

the grid lines crossfou need to zoom in to select the right piXebte that the mean
error is not automatically updated. You need to change the transformation type to
something else and then back.
b. LT 2LJWGA2Y | & R2Say ohangdtBeRrdnSi@mafick §p¢iSVINE NE 4 S
change to another transformation type in the transformation settings, the error
values will be recalculated.
2 SQff FLIWJX & 2LWGA2Y 0@

7. Inthe menu go again tBettingsA Tr ansf or matli YR W24 tfi Fog@k &St SO
polynomial Polyniomiall) instead of the linear transformation. Keep the rest as it was. Click
OKto return to the GCP table. Now you can see that the mean error has been reduaed to
fraction of a pixel, which is acceptable¥ &2 dz R2y Qi &p&& thanyotiBdey S NNE |
to check the GCP locations and correct them.

8. Now we can start georeferencing using L.[...’ button. After some calculation time the
georeferenced map appears in the QGIS map canvas. You can close the Georeferencing
plugin. It will ask if you want to sayeur GCPs. You canclidiscardh ¥ &2 dz R2y QUG & y i
them. If you save them, you can load them again in the Georeferencing plugin.

9. In order to verify the result you can use the Coordinate Capture plugin. If it is not activated
yet you can do it by a@osing from the menuPluginsA Manage and | nBhenal | Pl
search for theCoordinate Capture plugand check the box to activate and cliClose

2 Plugins | All (275) ?

| 2 coord a

& Azimuth and Distance Calculator This is a core plugin, so you can't uninstall it
# CoordGuesser
i
’- Not installed 4 Coordtransform coo rd Ina te ca ptu re

# Geo2local

:&i Upgradeable # ICSM NTw2 Transformer
- # Indicatrix mapper

s Invalid » Lgt Lon Tools Category Vector
% RiverMetrics
::l- Install from ZIP # Zoomtopaste

# Settings
1 | i
Upgrade Al Uninstall Plugin | Reinstall plugin |

Close | Help |

Capture mouse coordinates in different CRS

Installed version Version 0.1
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10. A panel has appeared under the layers list. Here you cliéam capture Click on a grid
node in the map and the coordinates are displayed in the panel:

Coordinate Capture g X

©| [73.08733,24.11572

[l [ss1001.719,4885001.306

¥ Copy to Clipboard

—:!- Start capture

The first field shows the coordinates in the Geographic Reference System (Lat/Lon
coordinates), the second field shows the coordinates in the projection of the project.
Read the coordinateom the side of the map and verify if they are correct.

Another way to verify the result is to use the web maps as a back@twQuickMapServicgdugin
provides easy access to many web maps such as Google satellite and OpenStreetMap.

11. If not yet instdled, install theQuickMapServicgdugin: in the main menu choo$tluginsA
Manage and | rasdtsearch for R@QuickMapSerdécgsugin and install.

12. After installing, choose from the main mekiebA QuickMapServicepluginA Settings

13. Now choosdhe More servicesab and clickGet contributed packClick Save when the

contributed pack is installed. This will give you access to many more useful web maps.

(2 QuickMapServices Settings T

General ] Tiles ] Add\Edit\Remove ] Visibility =~ More services l

Attention!

Contributed services definitions are provided 'as is' and are not
validated by plugin authors. These are proof-of-concept and for
testing only. Visit https://github.com/nextais/

quickmapservices contrib to add new services. Use at your own
risk!

Get contributed pack |

Cancel

14. Go back to the main menu and choda&ebA QuickMapServicepluginand try some of the
options.
15. This is a good moment to save your QGIS projggiz( file). Choose from the main menu
ProjectA Sa v e armisadeitas
D:\ QGIS_Exercises \ Exercise_1 \ Exercise_1.qgz
The project file contains references to all layers, styles, projections, extent andlewel of the Map
Canvas. Save your project regularly!
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4.7 Digitizing vector layers from a georeferenced backdrop
Our georeferenced scanned map can now be used as a backdrop to digitize vector layers. Vectors can
be points, (poly)lines or polygons. In teisercise we are going to digitize:

1 Mountain tops as points
1 Rivers as (poly)lines
1 Lakes as polygons
We will create these vector layers in a GeoPackage spatial database. In that way we have all layers

together in one file, instead of using separate shapsfil
The following steps guide you through the process.

1. First we have to create an empty shapefile. In the main menu setgerA Create Layer
A NewGeoPackagk ay er é

» Exercise_1- QGIS

Project Edit View | Layer Settings Plugins Vector Raster Database Web Processing Help

D Eﬁ Data Source Manager Ctri+L rﬂ SO ANeNIENLNLEs MY

Create Layer 4 ﬂ"‘ New GeoPackage Layer... Ctri+Shift+N
g @ Vo ﬁ Add Layer * W New Shapefile Layer...

B oS Embed Layers and Groups... {9? New Spatialite Layer...
=] 3] N

Add from Layer Definition File... B e

Browser

2. IntheNewGeoPackagkayerdialogue 2 New GeoPackage Layer
we first select the Database filename by R
. . Database |D:\QGIS_ExercLses\Exerclse_l\Mount_Marcv.gpkg a J 1
cllckngJ--- . Then browse to the folder | e ome  [eake
where you want to store the Geometry type [~ pont |

GeoPackage arshve it to
D: \ QGIS_Exercises \

[ Include Z dimension [ Incude M values

) |EPSG:26718 - NAD27 / UTM zone 18N | j
Exercise_1 \ Mount_Marcy.gpkg . Hew field
ForTable nameve choosePeaks For Name |
Geometry typave choosePoint Make Type [2 Decrmal number (rea) E|

sureEPSG:26718 ischosenas Maximum length |

projection. Add to fields list

3. Create anew field with theName

Elevation , TypeDecimal number Flelds fist
= i N T Length
(real)and click - Add to fields st | ovation =5 = |
4. ClickOK Remove field
» Advanced options 3
5. The emptylayerhas now been added to
your layers list. ok | cncel | wep |
Layers J X
o @ wv HT EH i 1 _T Il

& Peaks
F Mount_Marcy_New_ York USGS topo_m...

16



6. In order to start digitizing, you have to toggle to edit mode. ClictherPeaks layer so it is
selected.

7. Click or# to toggle to editing mode. Now the other editing buttons become active and a
pencil before the layer name shows that we are editing the layer.

8. In the topographical map navigate to a spot height of a mountairey are indicated with x
and an elevation value. If you have found one, zoom in and clickdde~eature butto*= .

9. Move the mouse to the mountain top. The cursor changes in a crosshair. Click on the
mountain top.

10. A dialogue with aformshows ufid & G KS FSF GdzNB AR GKIF G Aa | dzi:
unique integer number for each feature. The other attribute that we have to fill in is
Elevation . We type there738 in this case
i

ILL—-' it e s

|Aut0genemte (%

Elevation |738
= e

Cancel |

=
11. Repeat this step for a few other peaks. If you made a mistakegcgouwsehe vertex tool

/?;‘: to move the feature or use one of theelectoptions to selecthe point feature

e
- - 0, B %

a .5y Select Feature(s)
'";;\ Select Features by Polygon
- & Select Features by Freehand
%y Select Features by Radius

ole

andclick™ to delete the selected point feature. €sebuttons can be used to

undo/redo something UseEﬁ to save the edits.
12. When done, clickgainonthe” 6 dzi i 2y (2 (233tS SRAGAYID LF &2

ask you tcSaveor Discard With Discardyou can always undo your edits until the last time it
was saved.

17



13. You can check the attribute table of your new point vector layer by glicking on the layer
name Peaks ) and selecting@pen Attribute Table

-/ Spatilite B
- @ PostGIs 0 Zoom to Layer
- P> mssaL ) Zoomto Selection
- ® once T Show in Overview
- [ pe2
B §® WMS/WMTS Show Feature Count
- XVZ Tiles Copy Layer
@ WCS Rename Layer
'
@ Wrs
-0 OWS [} Duplicate Layer
-~ &% ArcGisMapServ Remove Layer...
il
- &7 ArcGisFeatures
- 5je Geolode | Open Attribute Table |

J/ Toggle Editing

' Mount_Marcy_New_York_USGS_topo_m...

» Peaks:: Features Total 4, Filtered: 4, Selected: 0

Filter... fid Elevation
Set Layer Scale Visibility... 1 4 1.068
Set CRS b
2 3 504,9
Export Y
Layers =% & : e
e Styles ' 1 738
*.-‘ B ®T &~ Properties... *

T Show All Features,,

Now you can see the attributes that you have added and tti@¢and elevation values.

14. Our next task is to digitize line features. The procedure is similar to creating a peintltay
the NewGeoPackageayerdialoguefirst browse to the existin@pataba®

D:\ QGIS_Exercises \ Exercise_1 \ Mount_Marcy.gpkg

Rivers andGeometry type Line

. Give a new Table name:

15. As a new attribute we addNamewith the type Textdata. Check if the dialoguesembles

the one below and clickK

= New GeoPackage Layer

Database

|D:\QGIS_ExercLses\ExercLse_l\Mnunt_Marcy.gpkg €a . | ]

Table name  |Rivers

Geometry type |“-—f Line

[~

[~ Include Z dimension I~ Include M values

IEPSG:Eﬁ?lB— MAD27 [ UTM zone 18N

e

—HNew field
Name |
Type [abe Text data ~
Maximum length |
Add to fields list |
— Fields list
Mame Type Length I
Name text
Remove field |

» Advanced options

[ o |

=
|

Cancel | Help
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16. QGIS will tell you that the file already exists and if you want to overwrite the database or add
the new layer. Obviously, we choo8dd new layer

»! Mew GeoPackage Layer

o The File already exists. Do you want to overwrite the existing file with a new

database or add a new layer to it?

Owerwrite | Add new layer Cancel |

17. Click or.“ to add a new line feature. Zoom and pan on the mafirid a stream to digitize.

18. Click on the starting point of the line (node) and click when necessary to make a vertex. You
can use the zoom and pan buttons to trace the stream. You can also change the symbology
to visualize clearer the line that you argifizing. After you placed the end node of the line,
click right.You can use the spacebar to pan during digitizing.

19. In the dialogue, fill in the name of the river.

Rivers - Feature Atinbutes x

Actions
fid  |Autogenerate & v
MNarme |Big Sally Brook &

0K | Cancel

20. Repeat these steps for a few streams and save your edits. Check the attribute table.
Exta:
9 If you want to add tributaries that connect to streams, play around with the snapping
settings Click right on a toolbar and chooSaapping Toolbdr
9 Try to find out how to combine all tributaries into one river feature.

21. Finally we are going to creat polygon vector layer for some lakes. Try to find out yourself
how to do this. It is very similar to the procedure for lines. The only difference is that the first
node should be the same as the last node in order to close the polygon.

Extra:
9 Try to fird out how to deal with islands in the lakes

4.8 Image to image registration
Try to use theGeoreferenceplugin to register the scanned map (JPG file) to a satellite image
from the QuickMapServiceBlugin. In this way you can perform an image to image regjisira
Please make sure you use the right projection. Does the image to image registration give better
results?

This whole exercise can be viewed in a screence
at: https://youtu.be/m12ZXpGBoDc
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5 Importing tabular data into a GIS

5.1 Introduction

After this exercise you arebke to import tabular data into a GIS. In this example we are going to
import a table with the daily average temperature on September 1st 2013 at several meteorological
stations in the Netherlands. The data was downloaded floenKNMI Data Centr@KNMIthe Royal
Netherlands Meteorological Institutdnttp://data.knmi.nl), but reformatted for the purpose of this
exercise.

In this exercise we'll use the following data:

1 KNMI_20130901_tday.xls : table with average daily temperatures for different stations
1 KNM_stations.xls : table with station number and coordinates of the location of the
stations

This data can be downloaded from the OpenCourseWare welbdgtte/(ocw.unesco
ihe.org/course/view.php®i=11). You can find the data under Data Exerciséd2 can save the files
underD:\ QGIS_Exercises \ Exercise 2

This exercise will guide you through the following steps:

Join table
Import with data to

Recalculate
values in a
attribute
table

Reproject
tables into dataset to

i local
GIS ocal
locations projection

Interpolate

points to
raster

5.2 Convert Excel table to GIS format
There are different ways in QGIS to import tabular data:

Add delimited text layetthis is the standard importer that redifes a comma separated ASCII
S ile.

E Spreadsheet layers plugifhis tool can opespreadsheet file (*.ods, *.xIs, *.xIsx) with some
options (use header at first line, ignore some rows and optionally load geometry from x and y
fields).

In this exercisew@ f f  @p@reddslie&t &yers plugin

1. Open the fils KNMI_20130901_tday.xls and KNMI_stations.xls ina
spreadsheet program (e.g. M&ce) and check the contents. Which file contains
coordinates? Is there a way to link both files? How could we do that?

2. Start QGIS Desktofmake sure you start a new project and not continue the previous one).

3. Inthe menu go tdPluginsA Manage and install pluginsand check iBpreadsheet layers
pluginis installed. If not, you should install the plugin. Plugins are deeel by the
community to add extra functionality to QGIS. With Bpreadsheet layers plugpou can
import from/export to Excel files for example.

22


http://ocw.unesco-ihe.org/course/view.php?id=11
http://ocw.unesco-ihe.org/course/view.php?id=11

2 Plugins | All (275) ?

| O spre
[ I , Spreadsheet Layers —
BB itoted Spreadsheet Layers [
Not installed Load layers from spreadsheet files (*.ods,
N * xls, *.xlsx)
7@ Upgradeable
- This plugin adds a "Add spreadsheet layer" entry in
. Invalid "Layer" / "Add new Layer" menu and a corresponding
button in the "Layers" toolbar.
¥R, Instal from ZIP These two links open the same dialog to load a layer
: from a spreadsheet file (*.ods, *.xls, *.xlsx) with some
ﬁ Settings options (use header at first line, ignore some rows and
Settings i R - ’_l

Upgrade All Uninstall Pluginl Reinstall plugin

I
Close | Help |

4. Nowin the menu chooskayerA Add Layer”A Add spreadsheet layer

Layer Settings Plugins Vector Raster Dafabase Web Processing Help

ﬂ Data Source Manager Ctrl+L : F: gj g} ;a J [E “:E [m e UQ

Create Layer

add Layer 4 V,; Add Vector Layer... Ctrl+Shift+V
Embed Layers and Groups... B, Add Raster Layer... Ctri+Shift+R
Add from Layer Definition File... 9, Add Delimited Text Layer...
' Copy Style W, Add PostGIS Layers... CtrhShift+D
Paste Style /% Add Spatialite Layer... Ctri+Shift+L
R Add MSSQL Spatial Layer... Ctrl+Shift+M
< Copy Layer [T, Add DB2 Spatial Layer... CtrhShift+2
Paste Layer/Group ) )
@, Add Oracle Spatial Layer... Ctri+5hift+0
= Open Attribute Table Fa Wl Add/Edit virtual Layer...
|7 Toggle Editing €% Add WMS/WMTS Layer... CtrhShift+\W
[} save Layer Edits @ Add ArcGIS MapServer Layer...
# Current Edits ¥ &3 Add WCS Layer...
Save As. &% Add WFS Layer...
Save As Layer Definition File... '3;:; Add ArcGIS FeatureServer Layer...
[l Remove Layer/Group CtrhD

5. In the dialogue browse to the filgith the locations of the meteorological stations
(KNMI_stations.  xlIs ).

6. Fill in the dialogue as below. Make sure the riGigometry Fieldand Reference systeare
chosen. Also indicate the data types correctly for the fields. 3 blare station numbers
and should be imported dsteger, whileALT(m) should be imported aRealnumbers.
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»| Create a Layer from a Spreadsheet File

File Mame |D:,I'QGIS_ExercLsesjExerclse_ﬂKNMI_sutions.xls Browse... |
Sheet |sheet1 |
Layer name |KNMI_slzti0n5_t7:|bIe
Rows Mumber of lines to ignore IE ™ Header at first line ¥ End of file detection
¥ Geometry
Fields X field |LON | vfield [LAT »| I” show fields in attribute table
Reference system |Project CRS: EPSG:4326 - WGS 84 = ﬁl
STH LON LAT ALT(rn) HAME 2]
Integer ;ﬂ Real Lﬁ Real Lﬂ Real j String j
1 210.0 4.419 52.165|-0.20 VALKENBURG
2 225.0 4,573 52,462 4.40 OMUIDEN
3 235.0 4.785 52.9240.50 DE KOOY
4 240.0 4,774 52.301|4.40 SCHIPHOL
5 242.0 4.942 53.255/0.90 VLIELAND
6 249.0 4.979 52.644 | -2.50 BERKHOUT
7 251.0 5.346 53.302|0.50 F%%E'EHELLING)
8 257.0 4.603 52.506|10.00 WIK AAN ZEE
] 260.0 5.177 52.1012.00 DE BILT
10 265.0 5.274 52.13|13.90 SOESTERBERG
11 267.0 5.384 52.896 2.60 STAVOREN
12 269.0 5.526 52.458|-4.00 LELYSTAD LI
Help | oK | Cancel |

7. Now a map with the meteorological stations is displayiégou don't see the map, you
probably need to zoom to the extent of the map: click right on the layer name
(KNMI_stations_table)and chooseZzoom to layer

8. Now add the table with the temperature data the same wayBecause there is no
geometry (coordinates) in the table, we should uncheck the box:

»| Create a Layer from a Spreadsheet File

File Name | D/ QGIS_Exercises/Exercise_2/KNMI_20130901_tday.xls

Sheet [sheet2

Layer name | KMMI_temperatures_table

Rows Number of lines to ignore IU 3: ™ Header at first line
I~ Geometry
Fields X field | | ¥ field [yyyyMMDD

Reference systemn Iin\falid projection

STN YYYYMMDD T(0.1C)
Integer = || Integer j Real j

1 210.0 20130901 162.0
2 225.0 20130901 VLILL
& 235.0 20130901 158.0
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9. The next step is to conveliNMI_stations tableto a GIS veadr format, i.e. shapefile. Click
right onKNMI_stations table and choosé€xportA Save Features asé

10. In the dialoguause theJ button to browse to the folder to save the file as
KNMI_stations.shp . In order to change the projection to the local Dutch prajaat

choose for CRS "Selected CRS" and Browse to Amersfoort / Riby Idkeking on th
button. Tip: use thd-ilterfield to lookup EPSG co@8992 :

= Coordinate Reference System Selector

Select the coordinate reference system for the vector file, The data points will be transformed from the layer
coordinate reference system.

Fiter | ©. 28992 a

Recently used coordinate reference systems

Coordinate Reference System Authority ID

Amersfoort [ RD New EPSG:28992

] | |ﬂ
Coordinate reference systems of the world [™ Hide deprecated CRSs
Coordinate Reference System Authority ID

- [l Projected Coordinate Systems
-I- Obligue Stereographic Alternative
Amersfoort [ RD New EP5G:28092

4| |ﬂ

Selected CRS |Amersfoort / RD New

Extent: 3.20, 50.75, 7.22, 53.70 =
Proj4: +proj=sterea

+lat_0=52.15616055555555
+on_0=5.38763888888889 +k=0.9993079%
+x_0=155000 +y_0=463000 +elps=bessel j

oK | Cancel | Help |

Here you see the advantage of using EPSG codes: it standardizes the projection. So it is useful
to detemine the EPSG code of the projection you want to wottkirwgtour project. Also note

that all maps in your project need to be in the same projection if you want to combine them

in a GIS analysis or modelling.
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ClickOK Now the dialogue looks

like the figure (also check the box

Add saved file to magnd make

sure thatESRI Shapefile is

chosen as thé&ormay.

ClickOKto proceed.
11. Remove th&knmi_stations table
from the display by clicking right
and selectindRemove. a y e.r €
ClickOKto confirm.Be sure ®
remove the right one. If you
hover your mouse over the layer
name it will show the file name.
With Removeyou only remove it
from the display, the file will still
be on your hardlisk.

~) Save Vector Layer as...

Format |ESRI Shapefile |
File name |D:\QGIS_Exercises\E:-:ercise_E\KNMI_smtions.shp J
Layer name |
CRS |EPSG:28902 - Amarsfaort / RD New | &
Encoding |UTF-8 |
I Save only selected features
I+ Add saved file to map
P Salect fields to export and their export options
¥ Geometry

Geometry type |.-'-\utumatic j

™ Force multi-type

I Include z-dimension
P [ Extent (current: layer)
P Layer Options
P Custom Options

oK Cancel | Help |

12. Although theknmi_stations.shp

reprojectedknmi_stations.shp

dataset is in the EPSG 28992 prott{Amersfoort /
RD New), th&@GISMap Canvastill uses the EPSG 4326 projection (lat/lon WGS 84) and has

on the flyfor visualisation. In order to visualise all

layers in EPSG 28992 we have to change the QGIS Project gapgerthe menu choose

ProjectA Properties...

13. Choose the Coordinate Reference System (CRS) tab

14. Choose from the recently used coordinate reference systems EPSG:28992 a@Kclick
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»! Project Properties | CRS

— Project Coordinate Reference System (CRS)

%, General ™ No projection (or unknown/non-Earth projection)
E Metadata Ficer | &
Recently used coordinate reference systems
Coordinate Reference System Authority ID
WGES 84 EP5G:4326
.“" Default Styles WGS 84 / UTM zone 195 EP5G:32719
WGES 84 / UTM zone 31N EPS5G:32631
S WGS 84 / UTM zone 321 EPSG:32632
B 1dentify Layers WGS 84 / UTM zone 375 EPSG:32737
— MAD27 f UTM zone 18N EP5G:26718
BE Data Sources Amersfoort / RD New EPS5G:28992
EE Relations o ILI
Coordinate reference systems of the world ™ Hide deprecated CRSs
Variables
Coordinate Reference System IAuthority D ;I
{_@ Macros " World_Hotine EPSG:54025
. 2 Obligue Stereographic Alternative =i

- ATST7 [ Mew Brunswick Stereographic (ATS77) EPSG:2200

- ATS77 [ Prince Edward Isl. Stereographic (ATS77) EPSG:2290

- Amersfoort / RD New EPSG:28992

- Amersfoort [/ RD New EPSG:7415 | v
» |

QGIS Server

Selected CRS |Amer5f00rt,‘ RD Mew

Extent: 3.20, 50.75, 7.22, 53.70

Proj4: +proj=sterea +ht_0=52.15616055555555

+lon_0=5.38763888888889 +k=0.9999079

+x_0=155000 +y_0=463000 +elps=bessel +
+towgsB4=565.2369,50.0087,465.658,-0.406857,0.3

50733,-1.87035,4.0812 +units=m +no_deafs

— Datum transformations

[~ Ask for datum transformation if several are avaiable (defined in global setting)

2| =/

Source CRS I Source datum transform | Destination CRS Destination datum transform

0K I Cancel | Apply Help

Note that the projection of the project is indicated in the lower tighthe screen

@ EPSG:28992  yoy can always check there if the EPSG code is okay. You can change the
on-the-fly projection also by clicking on that EPSG code.

5.3 Join attribute tables

We still have the locations of the stations and the temperature data in separatestade have to
combine them in one shape file. In GIS terms this is called a "join" operation. We can only join tables
if they have a column in common.

15. Check the attribute table dANMI_stations  (right click orKNMI_stations  and choose
Open attibute tabE) and in the same way check tké&MI_temperature s_table
Which column bottattribute tables have in common?

After determining which column both tables have in common we can join the data of
KNMI_temperature s_table to the attributes of our shapefil&KNMI_stations.shp
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16. First close the attribute tables.

17. Next, click right oiKNMI_stations  and choosdProperties

18. In the dialogue choose the buttaloins " .

19. Click the + sign and choose check if the dialogue looks like this one:

» Add Vector Join

Join layer KMMI_temperatures_table j
Join field [1235y -
Target field I 1235TN j

v cache join layer in virtual memory
I™ Create attribute index on join field
r Dynamic form
w [ Editable join layer

r psert on edit

I Delete cascade

w [v Joined Fields

] STN
] YYYYMMDD
T(0.1C)

w v Custom Field Name Prefix

ITempL

QK Cancel

Note that the common field iISTN(the station number)we join only the temperature field
and we give the column the prefbemp_. dick OK
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20. Now theJoirs dialogue looks like this:

» Layer Properties - KNM|_stations | Joins

-0 @« ¢ &

Information
Source
Symbology
Labels
Diagrams

3D View
Source Fields

Attributes Form

Auxiliary Storage
Actions

Display

s Rendering

ClickOKto perform the Join operation.

2| =| /]

Setting Value
« || =iJoin layer KNMI_temperatures_table
Join field STH
Target field ST

Cache join layer in virtual memory «
Dynarnic form

Editable join layer
Upsert on edit

Delete cascade

- Custom field name prefix
“ Joined fields

Temp_

- Style 'l oK | Cancel Apply Help
21. Now check again the attribute table KNMI_stations . What rappened?

22. First we need to remove the missing valudgkon row numbers wittNULLor novalues
for temperature, while keeping th€trl

button pressed. Now the attribute table looks like

this:
KMMI_stations :: Features Total: 36, Filtered: 36, Selected: 2
/B BT~ 6|8 2 T E S D E =
STH ALT(rm) NAME Temp_T(0.1C) LI
23 225| 4.4000000000.... | DMUIDEN
24 275| 50.000000000... | DEELEN 135
23 277( 3.0000000000._.. | LAUWERSOOG 161
26 380 114.00000000... MAASTRICHT 136
27 2701 1.5000000000... | LEEUWARDEN 152
28 391 19.000000000... ARCEN 139
29 273| -3.100000000... |MARKNESSE 152
30 375 21.100000000... VOLKEL 141
3 267 | 2.6000000000... | STAVOREN 158
32 377 30.000000000... ELL 138
33 269| -4.000000000... |LELYSTAD 148
34 260| 2.0000000000... |DE BILT 143 —
265] 13.900000000... | SOESTERBERG LI
T Show All Features, _l_‘
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23.
24,

25.

26.

27.

In the attribute table click ow above the table to togglediting mode.
Click the™ icon (in the toolbar above the attribute table) to remove the 2 featunéth

missing datand save the attribute table by clicki B

~

The only problem now is that the temperatures in the table are in 0.1 °C. We need to convert
the values to °C.

Clickthe New fieldbutton E] to add a new column to the table. And fill in the dialogue
according to this screenshot:

~ Add Field

Name |T(CJ

Comment |Tempemture in Celcius

Type |Decima| number (real) j
Provider type double

Length E =
Precision |1 :l

0K Cancel ‘

Lengthis the amount of number®recisioris the amount of decimals.
ClickOKto proceed.

Now the attribute table Bows an extra column witNULLvalues. In order to calculate the

right values click above the table to open thEield Calculatodialogue.

Fill the dialogue like the screenshot beloVio avoid typos the best practice is to double click
on the field nameén the middle of the dialogue screen and to click thieutton. Then type

0.1 . ClickOKto proceed.

w! Expression Dialog

Expression l Function Editor ]

T U Y e ,

Fields and Values Double-click to add field

" ¥ AL 2
Temp_T(0.1C) 0.1 123 STH name to expression string.
12 ALT(m) J Right-Click on field name to
MULL open context menu sample
abc NAME value loading options.
12 T(C)
- Notes
valuas | QU Search_ Loading field values from WFS

layers isn't supported, before

Al Unique ‘ 10 Samples ‘ the layer is actually inserted,
ie. when building gueries,

Qutput preview: 16.2

oK Cancel Help
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28. Make sure theéAttribute tablewindow looks like belowPlease note thafl(C) should be
indicated as column to assign the calculatitm ClickUpdate Al

»  KMMI_stations 2 Features Total: 36, Filtered: 34, Selected: 0

JEBCIBED >0 B8 At TESLD BRE S\ @@

12700 ~]= €[] Temp_T(0.10)" =01 ~| Update Al | Update Selected
STN ALT(m) NaME | Temp_T(0.10) | T(Q) | A

1 210 -0.200000000... VALKENBURG 162 16.2

2 235 | 0.5000000000... DE KOOY 158 15.8

3 240| -4.400000000... SCHIPHOL 154 15.4

4 242 | 0.9000000000... VLIELAND 161 16.1

5 249| -2.500000000... BERKHOUT 147 14.7

6 751 0.5000000000... [H'IE}E[;.EEHELLINE} 153 15.3

7 257 | 10.000000000... WIK AAN ZEE 162 16.2

8 260 | 2.0000000000... DE BILT 143 14.3

9 267 | 2.6000000000... STAVOREN 158 15.8

10 260 -4.000000000... LELYSTAD 148 14.8

11 270 1.5000000000... LEEUWARDEN 152 15.2

12 273| -3.100000000... MARKNESSE 152 152 |

T Show Al Features,| Bl =

29. Now check theesult in the attribute table.

30. Click again on th to toggle back to nowediting mode. ClicBaveto save the changes
when asked and close the attribute tableyou made a mistake R2y QU &l @S3
chooseDiscardto undo all hhangessince last save

o dzii .

31. Now remove the tabl&KNMI_temperatures_table and check the attribute table of
KNMI_stations What columns do you see now? What can you conclude about the join
function?You could have saved the entire attribute table by sakiNg/l stationsto a new
shapefile using the previously usedportA S a v e fuactoé.

5.4 Interpolate point features to raster
32. The final task is to interpolate the temperature values to a raster. In the menu choose

RasterA AnalysisA Grid (Nearest NeighbQr
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33.

34.

35.

Raster Database Web Processing Help

¥ Raster Calculator...

Align Rasters...
11 Georeferencer...

e PR

Projections
Miscellaneous
Extraction
Conversion

In the dialogue specify the output
file: tday_NN.tif by using the
browse window and specifying
the .tif  format.

Slect T(C) asZ value from
field. This is thdield that we will
interpolate toThiessen polygons.
Check theDpen output file after
running algorithmcheckbox.

For the rest of the dialogue keep
the defaults. The dialogue should
now look likethe figure.

Note that the dialogue generates a
GDAlLcommand.

ClickRunto proceed.
ClickCloseo close the dialogue

The interpolated temperature na
is now loaded into the display. It is
visualised in greyscale, so you hay
to set the visualisation options.
Click right on the map and select
Properties

Under theSymbologytab, play
around with the different options
and clickOKto return to the
dispay.

™ Ty

DA ID S|
) wl o 0 =
» 4 Fil nodata... L
0 l:, Grid (Moving Average)...
* | Grid (Data Metrics)...
»

l:, Grid (Inverse Distance to a Power)...
B oo e ogroon |
% Hilshade..

1] Near Black...

i " Proximity (Raster Distance)...

7w Roughness...

W Sieve..

o Slope..

% Topographic Position Index (TPI)...

7w Terrain Ruggedness Index (TRI)...

Grid (Mearest MNeighbor)

Farameters I Log ]

Foint layer

| - KnMI_stations [EPSG:28992]

[T selected features only

The first radius of search elipse

o =l 2

|0.000000

The second radius of search ellipse

|0.000000

Angle of search ellipse rotation in degrees (counter dodkwise)

|0.000000
MNODATA marker to fill empty points

|0.000000

w Advanced parameters

Z value from field [optional]

8 [ Y

12 7(0)

Additional creation options [optional]

Profile |De1’ault

Mame | Value

ﬂ ﬂ Validate |

Output data type

Help

|Float32

Interpolated (Nearest neighbor)

|D 1 [QGIS_Exercises Exercise_2/T_NM. tif

Iv Open output file after running algorithm
GDALfOGR. console call

L

gdal_grid - KNMI_stations -zfield T(C) -a

nearest:radius 1=0.0:radius2=0.0:angle =0.0:nodata=0.0 -ot Float32 -of GTiff Z:
\QGIS_Exercises\Exercise_2WMNMI_stations.shp D: /QGIS_Exercises/Exercise_2/

T_NN,tif

Run as Batch Process... |

Close |

0% Cancel

Help |
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36. Now drag theknmi_stations
temperature grid.

37. Click right on thé&nmi_stations layer and selecProperties

38. Selectthe Labels icon and choo&éngle labelsChoosel (C) as the Field comtining the
label. Play around with the placement options (see screenshot below) to make a nice map.
ClickApplyto test andOKto visualise.

39.

« Layer Properties - KNM|_stations | Labels

Information

- Source

T Symbology

Diagrams

3D View

Source Fields

E Attributes Form

Joins

ﬁ Auxiliary Storage
{@ Actions

- Display

/
.

Rendering

file to the top in order to display the stations on top of the

I @1 Single bels ﬂ @' |

Label with 1.2 T(C)

w Text Sample

Lorem Ipsum

abe Text Placement
2™ Formatting
abe By ffer

. Background
./ Shadow
1-:0 Placement

" Cartographic ™ Around point ¢ Offset from point

/ Rendering

Quadrant =,

Style vl oK I Cancel | Apply |

Distance |0,9000 =H &

|Mi||imeter | &

Help

Lorem Ipsum 2“1:1.248.584 Ll El |v

]

Now repeat the interpolation using theversedistanceto a power(IDW)algorithm (repeat
from step 2). Call he result filet day IDW.tif . Visualise the resuliVhich interpolation
method is better? WhyZan you explain the temperature gradient in the map?
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40.

41.

42.

You can save your QGIS project at this point by choosing from the Rrejact”A Saveas...
Now you canlose QGIS and load the project the next time you use QGIS.

We can also plot our newly created GIS data ovepagraphicaimap. For this purpose you
have to install theQuickMapServices Plugitn the menu go téluginsA Manage and
install plugins..and install theQuickMapServicgdugin if it is not yet installed¥ou can also
installthe experimental additional services. You can do that umMilebA QuickMapServices
A Settings

Choose from the menWebA QuickMapService, OSMA OSMStandard Make sue
your point vector layer is on top.

Extra:
Try to repeat the first part of the exercise with the default QGIS importer for comma
separated files.

This whole exercise can be viewed in a screence
at: https://youtu.be/PxLufyvgjA
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6 Importing data from a GPS and onversion to vector layers

6.1 Introduction
In this exercise you will learn how to collect data from a GPS, import the data into QGIS and create
point, line and polygon vector layers.

6.2 Preparing the survey
Before going in the field it is important to be welkepiared.Fieldwork is expensive and you want to
prevent that you will have to go back. In the next sections there are some guidelines.

6.2.1 Preparation of maps
Use a GIS to prepare the following maps before going to the field:

1 Use available maps to understancetbtudy area
91 Decide on the map projection that you want to use and look for the EPSG code
(http://www.spatialreference.orgor http://epsq.io:
0 Local projection: if your study amés in one country, you can choose to use a
national projection system
o0 Global projection: if your study area covers multiple countries, you can choose for a
global projection, such as UTM
0 Unprojected: this is not preferred, but you can use latitude, lartg coordinates
(EPSG:4326).
1 Create detailed maps (1:10,000) with a coordinate grid
9 Print several copies of the map for different purposes:
o Field map, with numbered locations that you want to sample. Digitize the locations
in a GIS based on your understigmy of the area. It is better to digitize more
locations than you can visit, because many will not be accessible in the field.
o Field map, where you note where you make a field observation, based on the
location you measured with the GPS and the grid pdraround the mapMake
enough of these maps, because they will get dirty in the field. Always use a pencil to
write on the maps, because a ballpoint will not work with dust and humidity.
o Neatmap. This is a map with your observation point that you kedmate and that
you update every time you come back from the field.

In this exercise we are going to survey de Markt in D#i#& Netherlands

U Open QGIS

0 UseOSMStandardrom the QuickMapServices plugin to find de Markt (Zoom in on the
Netherlands, find BIft, zoom in on de Markt).
If the plugin is not installed yet, you can do it by choosing from the nidagins”A Manage
and | nst a.lThen Ibdk forghe Q@ckMapServices plugin and install it.
Your screen should be similar to this:
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' *Untitled Project - QGIS = (] X
Project Edit View Layer Settings Plugins Vector Raster | Database Web Processing Help
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| Q Type to locate (Ctri+k) 1leg Coordinate[485142.0,6802344.3 ¥ Scale[1:1.367  ~| @ Magnifier[100% =] Rotation [0,0° | ¥ Render ﬂ( EPSG:3857 )Q

U Note thatthe projection of the Map Canvas is EPSG: 3857. In this exercise we will use
UTM Zone 31 North/WGS 84. Ustp://www.spatialreference.orgo find the EPSG code
and write it down. You need this also for segfiup the GPS.

U Change the otthe-fly projection to EPSG: 32631, by clicking on the EPSG code in the
lower right of the Map Canvas

U Inthe dialogue that follows, select the EPSG: 32631 projection from the list (tip: use
Filter).
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! Project Properties | CRS

% Default Styles
“._ Identify Layers
[==1

BE= Data Sources

L2 g Re lations

Variables

y @ Macros

— Project Coordinate Reference System (CRS)

™ No projection (or unknown/non-Earth projection)

Fiter | C. 32631 a

Recently used coordinate reference systems

Coordinate Reference System Authority ID
WGS 84 / UTM zone 31N EP5G:32631

| ILI

Coordinate reference systems of the world [” Hide deprecated CRSs

Coordinate Reference System Authority ID
= [l Projected Coordinate Systems
- Universal Transverse Mercator (UTM)
& /G5 84 / UTM zone 31N

‘| ILI

Selected CRS |WGS 84 [ UTM zone 31N

Extent: 0.00, 0.00, 6.00, 84.00
Proj4: +proj=utm +zone=31 +datum=WG584
+units=m +no_defs

— Datum transformations

™ sk for datum transformation if several are avaiable (defined in global setting)

#l =] /|

Source CRS | Source datum transform | Destination CRS | Destination daturn transform

’TI Cancel | Apply | Help

Now the correct EPSG cosleould be displayed in the lower right of the screen. Zoom in well on the
square using the magnifier.

0 Now from the QuickMapServices plugioose the Google Satellite data to be displayed.
From the main menu choos#/ebA QuickMapService, GoogleA GoogleSatellite

h | R

eb Processing Help

Qais2threejs C t o] [T &= ||| R

€ 29

Q
P
97 N8 NG 1 Bing » |9
[

»
14 1[ n ESRI Wiries
-~ H Geofabrik » EWhiskies

iec) G v cooge Hybii

m Kosmosnimki.ru — # m Google Labels

I Landsat * E® Google Road 2
ﬁ MapSurfer NET 4
11. & Mapbox * ¥ Google Terrain
,!;éé @ NASA * E? Google Traffic
r}\ | “+ Georgia 4 I : Hﬂ"_’l?sn?"
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pack.
Make sure that the image is on top of the layers list or uncheck the Sx8Mlardayer.

= *Untitled Project - QGIS

Project Edit View Layer §etting_silugins Vector Raster Database Web Processing Help
INeBRGR|O22LANPPALRBBIRe G W - LEERS = o T
eV AL /B irZaxDBoe||=9ESS
| ¥ | v
Browser & x KON
LeY®e \
Favorites N
& Home
* c\
) D:\ #
# z\
9 GeoPackage ;J
Layers & X
v GoVE-HALO
= @ i Google
~ 2% S AR Z
Q Type to locate (Ctri+K) 1leg :oordinats|593214.8,5763273.7 % Scale|1:860 ;] 1 Vlagnﬁellloo% :I Rotation |U,U 2 :] ¥ Render @ EPSG:32631 @

U This image can be saved to a GeoTiff, so we canusle it offline. From the main menu

chooseProjectA Import/ExportA Export Map to Imagé

i| Project Edit View Layer Settings Plugins Vector Raster Database Web
y
New Chrl+M ;} 0] p
PLPLPHEL
New from Template 4 r‘ P S—
SR ¢
" Open... Ctrl+0 d % &8 [ D
Open From » =] \r’ v
ol Open Recent 4
al
Close
A
[ save Ctr+s
[ save As_. Ctrl+Shift+S
Save To 4
Revert...
Properties. Ctrl+Shift+P
Snapping Options... Wyl
Import/Export * =8 Export Map to Image... |
[Z) New Print Layout...  Ctrk+P /rg Export Map to PDF...
[} New Report... Export Project to DXF...

[4] Layout Manager... Import Layers from DWG/DXF...
Layouts v ey

EXit QGIS Ctr+Q

39



i

i

Keep the Save Map as Image dialogue as default:

»! Save Map as Image

¥ Extent (current: map view)

North |5763279.4260
West |593186.8634 East |593367.7380
South [5763132.9061

Map view extent ‘ Draw on canvas

Calculate from layer -

Scale [1:860 -l E
Resolution |96 dpi :l
Output width |795 px =71
Output height |ﬁ44 px :I 4

¥ Draw active decorations: none
¥ Draw annotations

¥ Save world file

Copy to clipboard Save | Cancel | Help

Make a foldeiD:\ QGIS_Exercises \ Exercise_3 and save it as
Markt_Delft UTM31N.tif

Start a new QGIS project andgdard the current ondy clicking D and clickDiscardn
the popup that will appear.
Now add the raster layevlarkt_Delft UTM31N.tif clicking theOpen Data Source

Managerbutton ‘! and then the choos®aste 'C' Choose the right projection when
the dialogue bows up.Note that this GeoTiff is georeferenced, but it does not contain the
projection. It only has world file(.tftw ) that contains the coordinates. Therefore, the
projection needs to be indicated.

Nowwe are going tgrepare your survey by digitizimpints on the satellite image that you want
to visit in the field, e.g. buildings, statues, trees, etc. For now we only need to digitize Points and
give them an observation number. You can use this:

TO1, TO2, etc. for trees
S01, S02, etc. for statues
B01,B02, etc. for buildings
RO1, RO2, etc. for streets

o O O O

Follow the steps below to do this:

i

From the main menu seletyerA Create Laye”A New Shapefilé ay er é

<) *Untitled Project - QGIS

Project Edit View | Layer Settings Plugins Vector Raster Database Weh Processing Help

D . E\, Data Source Manager Ctrkl k D @ ¢ ATU [V x| é@ @
6" New GeoPackage Layer... Crl+Shift+i

% @ ‘Vi” f Add Layer LV 1.c\, shapefie Layer... “

0 E Embed Layers and Groups... Pﬂ New SpatiaLite Layer...

Add from Layer Definttion File...
# New Temporary Scratch Layer...

¥ Prme Ghida T
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U Inthe dialoguegchoose for the File name

D:\ QGIS_Exercises \ Exercise_3 \ Planned_observations.shp

correct projection and create an attributebs_Code with Text data as data type

, select the

! New Shapefile Layer

[ Include Z dimension

File name b:'\QGIS_E:(ercLses'-lE:-cerclse_3'-lPlanned_nbsenfatiuns.shpl &a .
File encoding |UTF-8 |
Geometry type | - Point -

[ Include M values

|EF‘SG:32631 - WG5S 84 / UTM zone 31N

New field
MName |
Type |abc Text data ﬂ
Length |80 Precision |
Add to fields list
Fields list
Mame Type Length Precision |
id Integer 10
Obs_code String 80

Remove field

2 8l

oK | Cancel | Help ‘
U ClickAdd to fields list
U ClickOK
The new, empty, shapefile has now been added to your Layers panel.
U Select thePlanned_observations layer and clicl F:': to toggle edting

L

[+ Jp—
U Click the Add feature butto_ <! to start digitizing the points that we want to survesill in

the attributes with the proper code.

After digitizing toggle off editing by pressi {, again and chos8ave

Now style and label the points in such a wagttthey are clearly visible in the map.
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U Use thePrint Composetio make a map with the points and a coordinate grid arougxport
the map to pdf and pnt the map onA3 format in colourand take it with you on the survey.
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6.2.2 Observation forms

Depending a the purpose of your fieldwork, you need field observation forms. These can be forms
to observe land use, geomorphology, geology, household surveys, etc. Whatever form you need, it
always needs the following information:

M Observation number

1 Name of the obsrver. This is important if you work in teams. Some observations are
subjective (e.g. visual estimation of vegetation cover) and it might be useful to relate it back
to the observer. This is also important if you need further information that is not cdvere

with the field forms.
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Date/time. This is very useful to link the observation to other time coded data, such as digital
photographs taken at the location, the GPS measurements or measurements from other
devices.

Coordinates (X, Y, Z). Always write dowa ¢bordinates that you measure with a GPS at the
observation location. The reason is that the device can get damaged or lost. Also you might
lose the data when you return the GPS to the laboratory where you borrowed it from.

You can print the field formsna make a strong booklet that you can take into the field or use a
notebook.! f 61 8& FAff Ay (GKS F2N¥a& 6AGK || LISYyOAf d®

After each field day, copy your field form to a neat form or a database on your laptop.sAimake a
0FO1dzLJ F'yR aG2NB Al Ay GKS Oft2dzR 2NJ 2y I+ ! {.

i

6.2.3

Make a field form in your notebodkr the survey of de Markt in Delft.

Preparation of the GPS

Before going into the field, please make sure that:

1
T
T
1

i

You hae enough spare batteries to take with you

The GPS is complete with a USB cable

You have tested that the GPS works and connects to your laptop

Check GPS settingstire setup page. Check the time zone. The map projection and map
datum settingsshouldcorrespond with the cartographic projection used on your figldps

Prepare the GPS with the guidelines above.

6.3 Surveying using a GPS
You are now ready to use the GPS for measuring your location in the field. Pay attention to the
following guidelines:

1

Wait markng your location into the GPS or writing down the coordinates until the handheld
GPS is receiving sufficient satellites with reasonable strength.

Apart from writing down in your field book the coordinates, write also down the EPE:
Estimated Point Errort indicates how accurate the GPS reading is horizontally in meters.

Il OOdzN> 6S Dt { NBIRAYy3IaABEmMmMLAOITfE KIGZS 9t9Qa
Always use GPS and a together in the field. Always mark your position not only in the GPS or
in GPS coordinates but also on yoetdimap and verify that you know where you are.

Be aware that satellite reception can sometimes be poor under a dense forest canopy, below
escarpments and in dense urban areas and hence position computation becomes less
accurate. Always check the EPE value

The vertical height information (Z coordinate) of the GPS unit can have significantly higher
inaccuracy values and is therefore not trustworthy. For a detailed height measurement, more
Differential GPSDGP S3ystemsor barometric altimeters should besed

43

-t



For this exercise, choose an open area that you can use for practicing surveying, e.g. a park or a big
square. Try to find 3 types of objects:

1 Points (e.g. trees, statues, wells)
9 Lines (e.g. paths)
1 Polygons (e.g. footprint of a house, terrace of&)af

With most handheld GPS it is only possible to mark locations as waypWiitiisthe waypoints we

can store attributes. By default it has a Name and a Comment attride will use the Name field

to give a unique code to each feature with a follaw number.We will use the Comment field to

give a unique name to eadpecific object. This can then be used to convert the groups of waypoints
to features in QGIS using timints to pathtool form the Processing Toolbox

The table below shows hovais works:

Name | Note

TO1l Treel

TO2 Tree2

TO3 Tree3 |

BO1 CityHall

B02 CityHall| [ .

B03 CityHall These waypoints form ongolygon
B0O4 CityHall B

B0O5 House

BO6 House — These waypoints form ongolygon
BO7 House

B08 House

RO1 | Streetl | |

R0O2 Streetl These waypoints form onlne
RO3 Streetl

RO4 Street2 These waypoints form onlne
RO5 Street2

U Mark the waypoints of the objects:

1 For points you only need 1 waypoint per featu@ve the waypimt a code for points,
e.g.T01, SO1. Also give the feature a unique code in Comments, e.g. Treel, Statuel

1 For lines you need multiple waypoints per feature and the number needs to be ordered,
e.g. RO1, RO2, R0O3 are 3 points on the line in that order. Also give the feature a unique
code in Comments, e.g. Roadl, Road2 or the name of the street.

1 For polygons you need multiple waypoints per feature and the number needs to be
ordered, e.g. BO1, BOBO03. Also give the feature a unique code in Comments, e.g.
Cityhall, Church, etc.

U Fill in your field form for each feature.

6.4 Importing the GPS data into QGIS
U After getting back from the field, connect the GPS with a USB cable to the laptop.
When the drives are correctly installed, the computer will see the GPS as a USB disk. To

access the files choose from the main mafectorA GPSA GPS Toolr use the “=
button (make sure th&sPS Toolslugin is installed and/or activated).
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Vector Raster Database Web
—L Coordinate Capture
# Quick OSM

Geoprocessing Tools
Geometry Tools
Analysis Tools
Data Management Tools
Research Tools

ES GPS Tools

r vy v v wv v

In the dialogue choose thab Load GPX file
Browse to the GPS and choose the right GPX file from the GPX folder.

r
7/ Select GPX file

S
o/

‘\..J'| | » Computer » Garmin GPSMAP 64 (F:) » Garmin » GPX »

—— - —— e - —

O EEC )

Organize = New folder =~ 0l @
[ Documents “ MName Date modified Type Size |~
Musi -
él p_::lc 4 Waypoints_06-AUG-15.gpx 06/08/2015 9:15 OpenStreetMap d... 3KB
= ‘u’fd e i Waypoints_05-AUG-15.gpx 05/08/2015 16:18 OpenStreetMap d... 3KB =
e i Waypoints_28-JUL-15.gpx 28/07/201513:10 OpenStreetMap d... 1KB

i Waypoints_15-JUL-15.gpx OpenStreetMap d... 5KB
. Computer . X ;
& Wwind ©) i Waypoints_14-1UL-15.gpx OpenStreetMap d... 5KB
& Windows (C: . - {
= Data (DY) ik Waypoints_13-JUL-15.gpx OpenStreetMap d... 6 KB
ata (D = . X ;
lSJD‘ SDHC () i g Waypoints_12-JUL-15.gpx OpenStreetMap d... 6 KB
f o (ISPSMAP £ 4 Waypoints_11-JUL-15.gpx OpenStreetMap d... 4 KB
.k:ml\n = N ¥ Track_2015-07-11 081800.gpx 11/07/2015 8:19 OpenStreetMap d... 2KB
== JS &2 vlelbeserv " Waypoints_02-JUN-15.gpx 02/06/2015 16:04 OpenStreetMap d... 2KB
== Software Library |- ¥ Wavnninte 1 -MAV-15 any 21 M55 17-54 OinenStresthlan d 2 KR 2
File name: | - ’GPS eXchange format (*.gpx) v]

o ] [ G |

h

-
1(,' GPS Tools -
[ -

Load GPX file I Import other fle | Download fromGPS | Upload to GPS | GPX Conversions |

File I F: /Garmin/GPY M aypoints_06-ALG-15.gpx Browse... |

Feature types v Waypaints

[~ Routes
[T Tracks

0 Only check the box befoMYaypointsand clickOKto import the data to QGIS

From the attribute table select the point features and export them as a separate shape
file. Do the same for lines and polygons so you have 3 files, one for points, one for lines
and one for polygons.

U Open theProcessing Toolbganel from the menuProcessingy Toolbox
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Processing Help
‘% Graphical Modeler_.  Ctri+Al+M
() History... Ctrl-+Alt+H
= Results Viewer Ctrl+Al+R

In the Processing Toolb®earchPoints to Path

Processing Toolbox 8 x
e A (D) D %y
| O points to path| a

- Recently used
¢ Points to path
= (2 Vector creation
3% Points to path

In the Points to Pat dialogue choose the shapefile containing the points that should be
converted to lines. A6rder fieldchoose the observation number. F@roup fieldyou
usethe Comments.

Repeat the same steps for tipolygons

Evaluate the results.
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7 Spatial planning using map algebra

7.1 Learning objectives
After this exercise you will be able to:

apply map algebra for raster analysis

distinguish Boolean, discrete and continuous rasters
make legends for Boolean, discrete and continuous maps
understard the use of Nodata

use logical operators

calculate distances

= =4 =4 4 -4 4

7.2 Introduction

The Department of Planning of the (imaginary) oasis AiDKjslis planning to build the National
Institute for Oasis Manageme(NIOM)in their village. They came up with theliwing conditions
for building the complex

No industry, mine ofandfill within 300 meters of the new complex;
Not on locations presently in use for buildings, water or roads;
The slope should be less than or equal to 3%;

The distance from an existing mbahould be less than 500 meters;
The area should be contiguous;

The area should be greater than, or equal to 2 hectares.

o o~ WDN PP

They hired you as a GIS consultant to find the most appropriate locatanswill use map algebra
to perform the requiredmulticriteria analysis.

7.3 Preparation

U Downloadthe data for Exercise #flom the OpenCourseWare website
(http://ocw.unescoihe.org/course/view.php?id=1)land store the files in a folder on your
harddrive(e.g.D:\ QGIS_Exercises \ Exercise 4 ).

In this exercise you will use the following malpsildg.  tif ,iswater. tif ,isroad. tif |,
topo. tif ,roads. tif andareamask . shp.

First we are going to add the exercise folder to the Favorites in the Browser Panel.
U Clickright onFavoritesA Add a Directorg

() Untitled Project - QGIS
Project Edit Wiew Layer Settings Plugins WVeck

DEBEBmRXRNIO%

LA AV

Browser

ORETHO

+ Favorites
#- [a] Home dd a Directory... I
B[ €y

o 7 ned

U Click the + to collapse the contents of the folder.
U Preview the maps and metadata of these raster layers by clicightjon the layer file
Properties
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Browser

LRETHO

=3 Favorites

E 5 Z:\QGIS_Exercises\Exercise_4
o 2 areamask.shp

- Add Selected Layer(s) to Canvas

R poveres
Properties...
= oiow 2

oz

Delete File "buildg.tif”..

= topoEr
Lo i wells. B

ThelLayer propertiesvindow will open, showing the metadatd the layer:

»! Layer Properties

Information from provider

Name
Path
CRS
Extent

Unit

Width

Height

Data type

GDAL Driver
Description

GDAL Driver Metadata
Dataset Description
Compression

Band 1

More information
Dimensions
Origin

Pixel Size

buildg.tif

ZMAGIS Exercises\Exercise 4\buildg tif

EPSG:32630 - WGS5 84/ UTM zone 30N - Projected
288674.6709999599725916,3343810.1430000001364622 :
291674.6709999999729916,3352810.1430000001364622
meters

60

60

UlInt16 - Sixteen bit unsigned integer

GTiff

GeoTIFF
Z:/QGI5_Exercises/Exercise_d/buildg.tif

* STATISTICS_ MAXIMUM=5
* STATISTICS_MEAN=0.1991666666666T
* STATISTICS_MIMIMUM=0
*STATISTICS STDDEV=0.8638089905889
*AREA_OR_POINT=Area

X 60Y: 60 Bands: 1

288675,3.35281e+06

50,-50

Close

U Fill in the table

Layer

File type

Number of
cells

Projection

Minimum
value

Cell size

Maximum
value

buildg

isroad

iswater

roads

topo

Areamask

Selectbuildg

areamask.shp
files. Then clickight and choosé\dd Selected Laygs) to
x

Browser

QRETHO

. tif

,iswater . tif ,isroad . tif
in the browser panneKeep the<ctrl>

=

=-

Favorites
Z:\QGIS_Exercises\Exercise_4

55

Properties...

-

Delete File "areamask.shp” ..

, topo . tif ,roads . tif

and

button pressed to select multiple

Canvas
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Go to the Layers panel andad) theareamask vector layerto the bottom.
Layers

o i ® T &, & AL
=~ i buildg

B roads
=3 topo

areamask

Rastes normally only store values, so also in this case we need to assign a proper legend to the
maps.[ SG Q& iildgNIif ¢ A (0 K

Click right on themame of the layeand chooséProperties

Click on thesymbologycon on the left ﬁ,
UnderRender typehoosePaletted/Unique values

KeepRandomascolor ramptype and clickOK

ClickClassify
Now use thescreenshobelow to add the labels to the class numbers. Double click on the label

name to do this. Double click on the colour to make it motsifive like theexample.

7

» Layer Properties - buildg | Symbolegy

w Band Rendering

q Information Render type |Paletted/Unique values v |
:{:\} Source Band {Band 1 (Gray)

Color ramp Random colors
d Symbology

Value ICoIor |Labe|
L@ Transparency o None
Histogram 1 . House

Fa
4 Rendering o 2 . Public building
B ryramids 3 . Landfil
B veadt 4 . Industry
- -] . Mine
Legend
QGIS Server
Classify | o | = | Delete Al | |

‘| | LILI
Style 'l oK | Cancel | Apply | Help |

ClickOKto close the dialogue and look at the resudtbuildg a Boolean, discrete or
continuous map?

We have now learned that fatiscrete rastersve use thePaletted/Unique valuesender type.
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7.4 Using the Processing Toolbox
The Processingo®lbox in QGIS provides a lot of tools for processing GIS data. Besides QGIS tools, it
also has tools from GDAL, GRASS and SAGA that are very useful.

U First activate the Processing toolbox by choosing from the menu Processing Toolbox

Project Edit Wiew Layer Setfings Plugins Vector Raster Database Web | Progessing Help

IDEBRRRH|[OS L0510 [ EEEEEE

° ¥ Graphical Modeler... Ctrl+Al+M

H{g ‘% VS /% ﬁl H 'f/- I r\d 2 @_ - ’:{ ﬁ =€ s (5 History... Cor+AlE+H
Browser & = Results Viewer Ctri+AlE+R
Firstwearegoingt o change a default setting of QGIS. The proc

the file name of the output as a layer name, which can be confusing.

U Inthe main menu choose Settingsh OptionsA Processing

U Collapse the General menu by clicking on the plus sign. Then check the box at Use filename as
layer name:

= Options | Processing

Setting Value
\‘..__ General ] # General
Default output raster layer extension tif
-3\:\\ System Default output vector layer extension apkg
Invalid features filtering Stop algorithm execution when a geometry is invalid
4% Keep dilog open after running an algorthm
— Qutput folder C:\Users\hansa\AppData\RoamingQGIS\QGIS3\profies\default\processingloutputs
B8 Data Sources - 4% Post-execution script
7 Pre-execution script
& Rendering - 4% Show layer CRS definttion in selection boxes =]
Canvas & Legend Show tooltip when there are disabled providers
- - 3% Style for line layers
B® map Tools Style for point layers
- 3% Style for polygon layers
ﬁ Colo Style for raster layers
- 3§
ﬂ Digitzing 4% Warn before executing if parameter CRS's do not match
ﬂ s - == Menus Reset to dehultsl
¥ Models
‘5 GDAL [ 45 Providers
w- @ Scripts
Variables
a Authentication
—T. Network
Locator
A Advanced
Acceleration
*- Processing 0K I Cancel Help

U Click OK to close the dialogue.

7.5 Condition 1: No industry, mine or landfill withi n 300 meters of the new
complex
For condition 1 we have to create a grid with only mines, industrylamdfills. Then we have to
OF £ Odzf 4GS GKS 9dz0t ARSIy RA&alGlIyOS G2 GKSasS OSftftad
mines, industry antandfills The sections below will guide you through the steps.

7.5.1 Create a Boolean grid with True for industry , mine and landfill, and False for other
buildings
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U Choose in the processing toolbox
SAGAA RastertoolsA Reclassifyalues(simple)

Processing Toolbox g X
BAOB| TN

Q. Search...

- () Vector overlay |

- () Vector selection
¥ (@ Vector table

i GDAL

- @ GRASS

- & SAGA

- 5plit RGB bands

Climate tools
Georeferencing
Geostatistics
Image analysis

[=1- Raster tools
- & Agaregate

& Average with mask 1
- & Average with mask 2
- & Average with thereshold 1
- & Average with thereshold 2
- & Average with thereshold 3
& Change data storage
& Close gaps
- & Close gaps with spline
- & Close gaps with stepwise resampling
& Close one cell gaps
& Constant grid
- & Convert data storage type
- & Crop to data
- & Destriping
& Destriping with mask
& Directional average
- & Invert data/no-data
- & Invert grid
- & Mirror grid
& Mosaic raster kyers
- & Patching
- & Proximity raster
- & Raster buffer

& Raster cell index
& Raster masking
- & Raster orientation
- & Raster proximity buffer
- & Reclassfy values
® > Reclassify values (simple)
- & Resampling

U TheReclassify values (simptiialogue appeardiNe are going to reclassify thoildg raster
using dookup table Fill inthe dialogue exactlgs follows:

. Reclassify Values (Simple)

Parameters | Log I
Grid

Ii buildg [EPSG:32630] ~| ]

Replace Condition

I[U] Grid value equals low value j
Lookup Table
IFixed table 3x3 _I
Changed Grid
ID:IQGIS_Exerdses;’Exerdse_‘&ﬁndust’y.sdat _I

¥ Open output file after running algorithm

| 0% Cancel |
Run as Batch Process. .. | Run I Close | Help |




0 Then go to Lookup table and click :]

0 Fillitlike the table below. Not e t hat donét ¢ hanmgeValudhe second co
because the Replace Condition is set to [0] Grid value equals low value. We can use the
second column if we want to reclassify ranges of pixel values.

» Fixed table

Low Value | High Value | Replace with | Add row |
1|0 0 0 Remave row(s)
2 0 0 Remaove all
| ° ’
i : 0 ! Cancel
5(4 0 1
1E 0

0 ClickOKandRun Close the dialogue.
U Check the resultl for mines, industry ankndfills O for the other classeslse theldentifytool
and click on the map. On the panel dovight you can find tle identify results. It displays

the value of the pixel of the selected layer in tb&yers panelYou night have to resize the
columns to see the pixel values.

ldentify Results g x

=8 _f =8 B ﬂw -
Feature Value
=0 buildg

= buildg

Band 1 5
=+ (Derived)}

Mode |Current layer hd [” Auto open form
View | Tree - Help

0 Isindustry a Boolean, discrete or continuous raster?
U Isthe legend that QGIS has assigned automatically correct? Give the industry  layer a nice
legend, similar as you did for the buildg layer.

7.5.2 Calculate the Euclidean distance to industry cells
u Select from themenuRasterA AnalysisA Proximity( Rast er Di stance) é
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i

Project Edit View Layer Settings Plugins Vector | Raster Database Progcessing Help

IDEBRBRRK|O P e DLAEBII|@s WS- LHE#EE ¢

Align Rasters...

= °c %
|B@V.Z W p 5 T . EE IR
Browser Projections Y Fil nodata...
LT O Miscelaneous [ Grid (Moving Average).
P —— E"“’““‘“” * | Grid (Data Metrics)..
1= 5 Z:\QGIS_Exercises\Exercise_4 -& h’, Grid (Inverse Distance to a Power)..
2 areamask.shp . Grid (Nearest Neighbor)..
& buidg.tt u Mishade..
(@ Exerdse_4 W
5 industry.sdat I ! Near Black .
= isroad.tif [ Proximity (Raster Distance).
= iswater.tif % Roughness...
# roads.tf Wl Sieve..
= topo.tif i
¥ wels.tf i Slope..
[ [® Project Home i Topographic Posttion Index (TPI)..
- [@ Home % Terrain Ruggedness Index (TRI)...
R
-] s\
R =
B[] Z\
(’,‘ GeoPackage LI
Layers 8 x
o @ T &, vk it Ol
=58 ] industry
. No industry
- I Industry

Fill in theProximity (Rastedistance)ialogue as in the screenshot:
0 Make sure thdnputlayer isindustry
0 Because our raster layer
consists of only one

*! Proximity (Raster Distance)

Parameters | Log |

band we keeBand Input layer =
numberasBand 1. [+ industry [EPSG:32630] M
i Band number
o0 Choose foDistance [Band 1 ]
units Georeferenced A list of pixel values in the source image to be considered target pixels [optional]

Distance units

coordinates . In this

way the distances are | Georeferenced coordinates R
. The maximum distance to be generated [optional]
calf:uht?d in met(’ars. . [0:000000 a s
(0] 2 S R2 )f Q u O K { value to be applied to all pixels that are within the -maxdist of target pixels [optional]
maximum distance. The | %0000 @3
Nodata value to use for the destination proximity raster [optional]
default 0 means that [0.000000 a 3
l'fl K g N \B Q3 y’ 2 Output data type
[Float32 -l
0 By default theNodata + Advanced parametets
value to use for the Additional creation options [optional]
Profile [Default -l

destination proximity
rasteris set to0. This
means that the distances
will be calculated from
all zero cells to thean-

Name WValue |

il El Validate Help
Proximity map

|D:/QG]S_Exercises/Exercise_4jinddi5t.tif _I
Zero Ce”S. ¥ Open output file after running algorithm
o Name the Output GDAL/OGR console call

L. gdal_proximity.bat -srcband 1 -distunits GEO -nodata 0.0 -ot Float32 -of GTiff Z:/
Proxim Itymap QGIS_Exercises/Exercise_4/industry.sdat D:/QGIS_Exercises/Exercise_4/inddist.tif =

inddist.tif | 0%  Cancel

ClickRunandClose
. . Run as Batch Process... Run Close | Help |
Check the resultls theinddist

layer a Boolean, discrete or continuous raster? Make a legend thpprepriate for this raster
type usingSingleband pseudocolas render tpe. Use intuitive colours.
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7.5.3 Create a Boolean map with True for cells further than 300 meters from industry
and False for other cells
Now we need a map with all the pixels further than 300 meters from mines, industry and
landfills In theMenu selectRaster”A Raster calculator...

Project Edit Wiew Layer Settings Plugins Vector | Raster Database Progessing Help
IDEBBRR 0§ R o ;L0 0@ 6 -5 -5, 5 @ E -

M@V ARA ) Bt e Eoel=wmumssseln]

Browser Projections
oa2vT#e Miscelaneous
Extraction
Conversion

v v o ow

b5t Favorites
= 9 Z:\QGIS_Exercises\Exarcise_4

(_;3 areamask.shp

- i buildg.tf

(R Exercise_4

- i industry.sdat

™ isroad.tif

¥ iswater.tif

LW roads.tf

o topo.tf

- wells.tif
[+ [% Project Home
- [&] Home
CERE
B[ D\
£
£

i [ E\

i [] Z:\

- & GeoPackage ;I
Layers & x
o ® T &6 B Ol

Bo & omnggst |

u Déuble click oinddist@1 (@21 means first layer of a stack, but our maps are single layers so
all have only @1), click on tke= button and type300. Call the output layenoind.tif . The
dialogue should resemble the figure below.

= Raster Calculator

—Raster Bands - — Result Layer

buildg@1 Qutput layer |D:\QGIS_ExercLses‘\ExercLse_4\noind.t'rF a |

inddist@1

industry@1 Output format | GeoTTFF x|

isroad@1

iswater@l Selected Layer Extentl

roads@1

topo@1 Xmin |288674.67100 = X Max |291674.67100 =
¥min [3349810.14300 = ¥ max [3352810.14300 =
Columns |60 = Rows |60 =
Output CRS |EPSG:32630 - WGS 84 / UTM zone 30N =1 &l
v Add result to project

¥ Operators

—Raster Calculator Expression

"inddist@l" »= 300

Expression valid

oK | Cancel | Help |

U ClickOKand view the resulting grid for condition Ik.the result of condition Infind ) Boolean,
discrete or continuous? Give the right legend.
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7.6 Condition 2: Not on locations presently in use for buildings, water or
roads

For condition 2 we have teelect pixels without buildings, water or roads.

u First we produce a Boolean grid with value 1 for locations without buildings. Use the Raster
calculator to do this’buildg@1"=0 . This resultin Booleartrue (1) for locations without
building and fals€0) for locations with buildings. Call this magbuild

U With the raster calculator we search for which pixels have no water and no roads. The pixels
without water can be calculated by the following expressliswater@1" = 0
Call this mamowater .

i Dothe same for pixels without roadsise theisroad layer) Call inoroad . Check the results.

i Arenobuild , nowater andnoroad Boolean, discrete or continuous rasters? Give the right
legend to these layers.

7.7 Condition 3: The slope should be less than or equ al to 3%
For condition 3 we have to calculate the slope fromtingo grid, which contains elevation
values.

u From theMenuchoose:RasterA AnalysisA Slopée

Project Edit View Layer Seftings Plugins Vector | Raster Database Progessing Help

IDEBRRE

”@ @y}ﬁ Raster Calculator... PJ]J é’lJ I@ [E @ e‘”@a v‘{-_\:‘.(v 'q.g E =

Align Rasters...

b, - ol e al a a
EIN9A NN - A
Browser Projections * i Fil nodata..
ORaETTO Miscelaneous * | crid (Moving Average)
=+~ Favorites ?;tn':::;?;n ' i Grid (Data Metrics)...
= B Z:\QGIS_Exercises\Exercise_4 i’, Grid (Inverse Distance to a Power)..
GJ are.ama.?k.shp . Grid (Nearest Neighbor)...
- # buidg.tif % Hilshade.
- (@ Exercise_4
B industry.sdat I’I Nezr Black...
W isroad.tf ;' Proximity (Raster Distance)...
= iswater.tf 4 Roughness...
; Loads;;F wu Sieve
LW wells. tF ;& Slope....
[ [ Project Home s Topoaraphic Position Index (TPI)...
- [ Home 4w Terain Ruggedness Index (TRI)..
=7 cy B |
=[] D
B[] BN
B[] 2N
- @ GeoPackage ;l
Layers g X
‘{m-'vv‘:t ~E B
= [ ¥ noroad o
ol Road
-l Mo road
B ¥ nowater
[l weater
[l Mo water
= ¥ nobuild
. Buildings
. Mo buildings
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u Fill in the dialogue like below. Don't forget to chodspo as theDEM Rastercheck the bx
before Compute edgeshoose foMode Slopeand chooseSlope expressed as percent (instead of
as degrees)keep the algorithm as default, call the outpsibpemap .tif
Why do we need to compute the edges?
Does this algorithm work with unprojected (laifl) coordinates?

Parameters l Log ]

Input layer

¥ topo [EPSG:32630] E
Band number

Band 1 (Gray) |
Ratio of vertical units to horizontal

11.000000 =

I Slope expressed as percent instead of degrees
W Compute edges
[ Use ZevenbergenThorne formula instead of the Horn's one
¥ Advanced parameters
Additional creation options [optional]
Profile |Default R

MName | Value |

Eﬂ Validate| Help ‘

Slope
|D:/QGIS_Exercises,fExercise_ﬁr!slopemap.tif J

W Open output file after running algorithm
GDAL/OGR console call
gdaldem slope Z:/QGIS_Exercises/Exercise_4/topo.tif D:/

QGIS_Exercises/Exercise_4/slopemap.tif -of GTiff -b 1 -s
1.0 -p -compute_edges

0% Cancel

Run as Batch Pmcess...| Run Close | Help ‘

U Click Run, Close

U Check the result. Is slopemap a Boolean, discrete or continuous raster? Give the right legend.

U In order to select the slopes less thanequal t03% use thdraster Calculator
("slopemap@1" <=3 ). Call the output maposteep .Is nosteep a Boolean, discrete or
continuous raster? Give the right legend.
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7.8 Condition 4: The distance from an existing road should be less than

500 meters
[ SGQa FTANRG RSaAONROS 6KIG ¢S &Kmhastepswiblto. 0 ST 2 NB
Like condition 1, this condition is met by applying the following steps:
1) Creaton ofa Boolean map with True féarmacroads and False for other cells
2) Calculabon of Euclidean distance from all cells to these roads by:
a. Calculating the Euclidearistance
b. Creating a Boolean map with True for cells < 500 m from these roads and False for
cellsxx500 m from these roads.

Firstwe have to select all thearmacroads. The table below shows the legend of thads map.

U Make the legend in the same way as we didifoildg  before. Use this table:

0 | Noroads

1 | Dirtroad

2 | Tarmac road

U Inthis case wsthe Raster calculatoto assigrBooleanTrue (1) fortarmacroads andralse(0) for
the rest of the map. Call the maarmac road . Check the resulssign the right legend.

U Now calculate the distance totarmacroad like you did beforeRasterA AnalyssA Proximity
( Rast er PpPCalthearesultimg néaar dist . Check the resulAssign the right colours
to the legend

U To create a grid with only pixels within a distance of 500 meters fasmacroads, use the
Raster CalculatarThe equation shoulle "tar dist@1" <500 . Check the result. Name it
tar zon. Assign the right colours to the legend.

7.9 Combine criteria 1 to 4

U Now all the new maps should be combined to create a grid, which satisfies condition 1 to 4. So all
pixels with value {True)innoind, nobuild, nowater, noroad, nosteep and
tar zon should be selected. Use thiRaster CalculatarThe dialogue should resemble the figure
below.

= Raster Calculator

U Call the resulting mapiomgo and clickOK Check the result carefulgnd give it the right

legend

Raster Bands Result Layer
industry@1 j Qutput layer Exercwses\Exercise_‘%\ninmgn.t'rf .
isroad @1
Ewater@l Output format |GeuTIFF j
nobuild @1
noind@1 Selected Layer Extent
noroad@1
nosteep@1 Xmn [288674.67100 =] X Max [291674.67100 =
nowater@1l
roads@1 Ymin [3349810.14300 - Y mex [3352810.14300 -
slopemap@1
tardist@1 Colurmns |60 - Rows |60 =
tarmacroad @1
Output CRS |EPSG:32620 - WGS 84 / UTM zor = | j
t 1 =
opo@ 4] v Add result to project
¥ Operators
+ | & | sqrt | cos | sin | tan | log1o | ( ‘
| ! | £ | acos | asin | atan | In | ) ‘
< | = | = | 1= | <= | == | AND | OR
Raster Calculator Expression
"noind@l™ BND "nobuild@l™ AND "nowaterfl™ END "norcad@l™ AND "nosteep@l™ AND "tarzon@l™
Expression valid
oK Cancel | Help |
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7.10 Condition 5 : The area should be contiguous

To satisfy condition 5 the groups of pixels must be clustered and then they will get a unique group
number. Tha thearea must then be calculated for each groBgcause Zero values also form a
cluster we need to first chamgthem to nodata.

U We can ge the clipper tool to change 0 values to nodataimm go. In the main menu choose
RasterA ExtractionA Cl i p Raster by Extent é

Project Edit View Layer Settings Plugins Vector | Raster Database Processing Help

IDEBRERY| O jEwecem. Do ALBACR[e6 -E-5-,EE ¥ S =-

| REV.AMI ) B3P e B IEEEEE R IR

13
Projections 3 |
13

Browser

- Miscellaneous
GETHO - -
- Ll Clip Raster by Extent...
[= 7 Favorites

Conversion LA
B 5 Z:\QGIS_Exercises\Exercise_4 Clip Raster by Mask Layer...

o (2 arearmask.shp I@ Contour..
- B buidg.tif
(D Exercise_4
= industry.sdat
I isroad.tf
- B iswater.tif
o B roads.tif
= topo.tif
B wels.tf

+ [ % Project Home

- [¢1] Home

s c\

Ho [ D

i [] E\

d [ 2\

- " GeoPackage ;I

Layers g X

¢ =T &~F A0

= [ ¥ niomgo -
B not suitable

-l sutable

B = tarzon

- [ Far from tarmac
B close to tarmac

[
[+
[E
[
[
[+

U At Clipping extentlick on the :] button, choosed.ayer extenaind choosaeniomgo . It
will copy the atent of niomgo .

0 AtAssign a specified nodata value to output batyge O. In this way we make all zeros nodata.

0 Name the results niom go.
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»! Clip Raster by Extent

Parameters | Log |
Input layer

| ¥ niomgo [EPSG:32630]
Clipping extent (xmin, xmax, ymin, ymax)

Assign a specified nodata value to output bands [optional]

|288674.67 1,291674.671,3349810.143,3352810.143 [EPSG:32630] _l

|0.000000

¥ Advanced parameters

Additional creation options [optional]

Profile | Default

MName |

Value |

ilil Validatel Help |

Output data type

|Use input layer data type

-

Le

Clipped (extent)

| D:/QGIS_Exercises/Exercise_4/isniomgo.tif
 Open output file after running algorithm
GDAL/OGR console call

N

isniomgo.tif

gdal_translate -projwin 288674.671 3352810.143 291674.671 3349810.143 -a_nodata
0.0 -of GTiff Z:/QGIS_Exercises/Exercise_4/niomgo.tif D:/QGIS_Exercises/Exercise_4/

Run as Batch Pmcess...l

0% Cancel |

Run Close | Help |

U Click RurandClosehe dialogue after running.

The method in GIS to give unique values to each cluster of pgxeadedclump.

U Inthe toolbox click on theclump tool(GrassA RasterA r.clump.
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Processing Toolbox g x

2205 |D|N

7
pe

- (&) Vector overlay -]
- Vector selection
- () Vector table
- GDAL
4 GRASS
- Imagery (i.*}
+- Miscellaneous (m.*}
[=I- Raster (r.*)
- ¢ r.basins.fill
- g r.blend.combine
- @ r.blend.rgh
- 4@ r.buffer
- @ r.buffer.lowmem
- g r.anve
- @ r.category
- g r.category.out

-~ @ r.crcle
r.clump

H -

U Fill in the dialogue that opens as below. Choisséomgo aslnput layer call the output layer
ni omgoclu.tif

! r.clump

Parameters I Log |

r.clump
Input layer
— Recategorizes data in a raster map by grouping
I' isniomgo [EPS5G:32630] j _I cells that form physically discrete areas into unique
Title for output raster map categories.
niomgocdu

¥ Advanced parameters
- Clump also diagonal cells
GRASS GIS 7 region extent (xmin, xmax, ymin, ymax) [optional]
|[Lea'-.-'e blank to use min covering extent]

GRASS GIS 7 region cellsize (Jeave 0 for default)

|0,000000

Qutput Rasters format options (createopt) [optional]

Ll._

Qutput Rasters format metadata options (metaopt) [optional]

Clumps
|D : [QGI5_Exercises /Exercise_4/niomgodu. tif |

v Open output file after running algorithm

| 0% Cancel |
Run as Batch Process... | Run Close | Help |

U ClickRunandClosethe dialogue when ready.
U Inspet the resul? Is the automatically assigned legend okay® lemgoclu a Boolean, discrete
or continuous layer? Assign the correct legend.
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7.11 Condition 6: The area should be greater than, or equal to 2 hectares

Finally, areas greater than 2 hectares can Hdeutated to satisfy the last condition.
For this last step we have to convert our raster to vector.
1. In themenuchoose:

RasterA Conversio Pol ygoni ze (Raster to Vector) é

Project Edit View Layer Setfings Plugins Vector | Raster Database Processing Help

IDEBRBRRH|[O§ sEemce. DY LLGEDIe6 -
ign ers...

| M@V 2RI ) BT e B |=amm e

4

Browser Projections ok
3
4

OR_2TTO Miscelaneous

T Extraction
= Favorites

. Conversi r 2
= £5 Z:\QGIS_Exercises\Exercise_4 _—. = PCTtoRGB.

2 areamask.shp k&l Polygonize (Raster to Vector)...
2 buildg.tif "= Rasterize (Vector to Raster)...
@ Exercise_4 %5 RGB to PCT_.
- B industry.sdat
Transkte (Convert Format)...
- B isroad.f 5 ( )

- B iswater.tif
™ roads.tif
-~ B topo.tif

o B wels.tif
- [% Project Home

al

H- [¢r] Home
H- [ €\
H
H
H

.. D D:\
- l:l E:\ I

[ 24 B
"' GeoPackage LI

B e e B R

Layers g X u
o @@ TEa~FED

-- " niomgociu -
ER [] -+ isniomgo

M niot suitable
B suitable

U Fillin the dialogue dselow. Call the output shapefilompoly.shp . Notethat the default
vector format is GeoPackage, so make sure you choose shapefile!

gonize (Raster to Vector)

Parameters I Log |

Input layer
Iiniorngodu [EPSG:32630] j _I
Band number

IBand 1 (Palette) ;l
MName of the field to create

Idump

™ Use 8-connectedness

Vectorized

ID:fQGIS_Exerdsestxerdse_ﬂniompoly.sh|:| _I
" Open output file after running algorithm

GDAL/OGR console call

gdal_polygonize.bat Z:/QGIS_Exercises/Exercise _4/niomaodu. tif D:f
QGIS_ExerdsesExerdse_4/niompoly.shp -b 1 -f "ESRI Shapefile™ None dump

0% Cancel |
Run as Batch Process... | Run in Background I Close | Help |
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U ClickRunandClosedo return to the map canvas where the vector layer is displayed.
U Change the vector style of t@ompoly layer so it matches with its contents:

» Layer Properties - niompoly | Symbology

I_E Categorized j
) mrormation Column  [123 clump -] £
;.l&} e Symbol . Change... |
Color ramp Random colors |"|
“’ Symbology
Syrnbol |‘u’a|ue Legend I;
Labels =
m 1
Diagrams 2 2
3 3
3D View 4 4
5 3
Source Fields & 6
7 7 =
Attributes Form B 8

Joins

ﬁ Auxiliary Storage
{;@ Actions

O ooty

&, ’ Rendering

Variables

=~ Metadata

ﬁ Dependencies

NENEEEEENEEEENEERHEEENEEREE
J I T O
%

2 » k4
Legend
- Classify | il il Delete Al | Advanced '|

[& qaIs server
P Layer Rendering

ﬂ[]ig'n:i::ing Style 'l oK | Cancel | Apply | Help |

In order to visualise the polygons larger than 2 ha, we have to doeatimh based on this criterion.

LA
U Open the attribute layer ofiiompoly and dick to open the dialogue for selection based
on an expression.

U Inthe dialogue go t&&eometryand double cliclon $area . Fill in the dialogue as given below
and clickSelecfeatures
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=! Select by Expression - niompoly

Expression | Function Editor |
== | S Search.. function $area =
=|+| -1/ ] ] ) [ :
- Aggregates -~
Sarea >= 20000 - Arrays Returns the area of the current
B Color feature. The area calculated by
[+ Conditionals N )
B this function respects both the
&} Date and Time current project’s ellipsoid setting
[*- Fields and Values d it setti F
% Fuzzy Matching and area unit settings. For
B General example, if an ellipsoid has been
-EEOImety set for the project then the
- angle_at_wertex .
_ calculated area will be
- area ellipsoidal, and if no ellipsoid is
- azimuth set then the calculated area will
- boundary . X
- bounds be planimetric. L
- bounds_height
- bounds_width Sy ntax
- buffer
Output preview: 0 ~ buffer_by_m ~||$area ~|

Help | &) Select features |'| Close |

The attribute table now show8 selected features. They are also highlighted in the cap/as
giving the answer to the planning issue.

Export the selected polygons to a new shalgef

U dick right on theniompoly layer name and choodexport”A SaveSelected Feature&s é

U Inthe dialogue, name the output fikelectedlo  cations.shp  and check the box before
Save only selected features

»! Save Vector Layer as...

Format IESRI Shapefile |

File name |D:‘ILQGIS_E:-:erclses‘-LE:-:erclse_4\5&|ectedlomtions.shp a |

Layer name |

CRS |EPSG:32630 - WGS 84 / UTM zone 30N =] &

Encoding |UTF~B |
¥ Save only selected features

v add saved file to map

P Select fields to export and their export options

¥ Geometry

Geometry type Automatic j
I™ Force multitype

I™ Indude z-dimension

P [ Extent (current: layer)
P Layer Options

P Custom Options

oK I Cancel Help

U ClickOK
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U Now hide all layers and only show tkelectedlocations layer. Give the layer the right
legend so we can see each location.

U Try by yourself to add a column to the attribute table of Hedectedlocations layer and
to calculate the areas of these locations.

U Visualise the end result with ao@gle satellite image in the background. Use the
QuickMapServicgdugin.

This whole exercise can be viewed in a screence
at: https://youtu.be/IfZSyBf6084
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8 Inaccessible wells

The Department of Planning of the Ain Kju Dmgisis has consulted you again to report to them

which wells in the oasis are inaccessible for the populatioay Tonsider wells that lie more than

150 meters from houses or roads as inaccessible. They provided you with a map with all the wells in
the oasigwells. tif ).

Try to solve this assignment on your own, using the map algebra skills of the previous Jéwtion.

result should be a raster layer with TRUE for the inaccessible wells and FALSE for the remaining area.
Besideawvells. tif  you should also useuildg.tif andisroad.tif. Make a flowchart of

the analysis.

66



%NOAOUEDAAEI AT O AAI ET

67



9 Catchment delineation

9.1

Introduction

In order to delineatea catchment from HEM we need to follow these steps:

1

2)
3)
4)
5)
6)

7)

8)
9)

Download the DEM tiles of your study area. Make sure that the tiles cover at least the study
area and that the catchment you want to derive is covered coiepleBetter to take it a bit
larger to avoid boundary effects

If your study area is covered by multiple DEM tiles, you needdsaic(merge) the tiles to
create a single raster DEM layer

The DEM tiles might be in a different coordinate system then desirethat case you have
to reproject the DEM layer to the projection you want to use in the study area

In the case that the merged tiles are much larger than your study area, yaubagt(clip) it
to a smaller area to reduce calculation time

Make a hydological correct DEM by filling sinks and removing spikes from the raw DEM
Calculate the flow direction for each cell

Calculate the flow accumulation for each chthw many upstream cells contribute to the
runoff in each downstream cell of the DEM

Derivethe drainage network

Calculate thecatchmentfor the outflow point of the catchment

When a map with the stream network already exists, the procedure can be improved by "burning”
the river network into the DEM. In that way the DEM is always lower at raretsunoff will follow
the actual river network. This is out of the scope of this exercise.

This flowchart below summarizes the procedure:

Download
DEMtiles

Calculatehe
flow direction

Fill sinks/

removespikes Subset DEM

Derive

; Defineoutflow
Derivestreams Q catchment

point
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9.2 Download the DEM tiles

For the Rur study area, we will use 4 tiles from the SRTM-Bdaond global data sefhe United

States Government announced on Septembe@B4that the highest possible resolution of global
topographic data derived from the SRTM mission will be released to p8lice the end of 201

1-arc second global digital elevation model (30tens) has been released. Most part of the world

has been covered by this dataset ranging from 54 degrees south to 60 degrees north latitude except
for the Middle East and North Africa areadescription of the SRTM data products can be found

here: https://lta.cr.usgs.gov/ISRTM1Arc

For this exercise the tilen50_e005 larc va3.tif ,N50_e006_1larc v3.tif :
n51_e005_larc_v3.tif andn51_e006_1larc_va3.tif were already downloaded and
provided. Save the data in e.d0\ QGISExercisesExercise 5

If you want to download data yourself, you can use the USGS EarthExplorer
(http://earthexplorer.usgs.qoyx

[ Home 3 Hew System Messages Protie Save Criteria_Load Favorte ~ Manage Critria Logout pvdkwast EMEEE Feedback Help

searcn Citeria [Nl Adotional Criteria | Resuts Search Criteria Sussmary (Srow) Clear Criteria

2. Select Your Data Set(s) S 2R ¢ e (50" 56 12° N, 005° 24 58°€) § Options | Overiays Jif wep | Sateline
Check the boxes for the data set(s) you want to search. a . 2 T & eoek S / B oo 1 G 26310 - <
‘When done selecting data set(s), click the Additional S { 3 TaD,

Criteria or Results buttons below. Click the plus sign

next to the category name to show a list of data sets

‘ Use Data Set Prefiter (wnats This?) ‘

Data Set Search ‘ e,

= Aerial Imagery
 AVHRR
¥ CallVal Reference Sites
 Commercial
 Declassified Data
= Digital Elevation L
1) I ASTER GLOBAL DEM
© 1 CoNED TBDEM
© [ GMTED2010
[1@ % GToPO30
© £ GTOPO30 HYDRO 1K
71 @) 16 IFS4R Alaska
= SRTM
)@ [ SRTM 1 Arc-Second Global
@ £ SRTM Non-Void Filled
© 8 SRTM Void Filled
© ] SRTM Water Body Data
 Digital Line Graphs
 Digital Maps L
PEO
# GEOGLAM
 Global Fiducials
 Global Forest Observations Initiative
 Global Land Survey - - purchase or

Alternatively, you can use the SRTM Downloader pligydownload the ties directly your map
canvas.

A stm

- 5
BB e SRTM Downloader e
installed Downloads SRTM Tiles from NASA
Server

% Ungradeable
Plugin for download of SRTM Tiles from NASA

7777% 20 rating vote(s), 13763 downloads

Category Plugins
Tags python

Moreinfo homepage bug tracker code
repository

Author Dr. Horst Duester Sourcepole AG
Installed version 1.1.2

Available version 1.1.3 -
il | ,
Upgrade al Uninstal plugn| Reinstal pugn |

cose | wep |
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9.3 Load the DEM tiles in QGIS
1) Start QGIS Desktop.

2) Use theOpen Data Source Managlmutton| g .
3) Choose Raster anddwse up to the folder containing th®@RTM tiles (e.qg.

4)
5)

D:\ QGIS_Exercises \ Exercise_5 ). Hold the<Ctrl > button and sé¢ectthe 4tiles
(n50_e005 1larc_va3.tif , h50 _e00 6_larc_va3.tif ,

n51 e005 larc va3.tif and n51 e006_larc_v3.tif ) by left clicking on the tiles.
ClickOpen

». Open GDAL Supported Raster Dataset(s)

N » ThisPC » Data(Z:) » QGIS_Exercises » Exercise 5 v O Search Exercise_3 2

Organise » MNew folder = ~ [ 0

41 StudyProject_Sai ™
& Verzonden besta

3 This PC
_J 3D Objects

I Desktop n50_e00§_1arc_v3 n50_e00§_1arc_v3 n51_e00§_1arc_v3 n51_e00§_1arc_v3
tif tif tif tif

Documents

* Downloads

J‘! Music

&=/ Pictures

m Videos

i Windows ()

= RECOVERY (D:)

= HP Port Rep (E:)

- Data ()
v

File name: | "n31_e006_1arc_v3.tif" "n30_e005_larc_v3.tif" "n30_e006_larc_v3.tif" "n51_eD05_larc_v3.tif" V| GeoTIFF (*.tif *tiff *TIF *TIFF) ~

Source Manager | Raster ?

— Source type

@ Fle " Protocol: HTTP(S), cloud, etc.

[ Source

- Delimited Text

Raster Dataset(s) I\QGIS_Exer(l;es\Exerdl;e_S\nSl_eﬂﬂS_lar(_vE.t'rF" "Z:\QGIS_FExercises\Exercise_5\n51_e006_1larc_v3.tif" _

"& GeoPackage

fi Spatialite
. PostgreSQL

s MssaL

Close Add Help

‘?2 ArcGIS Map Server

ClickAddandClose
You should be able to see this map in Map Canvagas shown below)
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2 *Untitled Proj
Project Edit erSettings Plugns Vector Raster Database Web Progessng Help

IDERRRRX[VSLPLPARPPALLBIR|NG W-5-GEE% I -0
M@V"/W% BR&-Z@ 6B “aEm@uE%%%QQ|~ |8

Favorites
5 Z:\QGIS_Exercises\Exercise_4
9 areamask.shp
I buidg.tf
Q Exercie_4
# industry.sdat
¥ sroad.tf
¥ iswater.tf
¥ roads.tf
¥ topo.tif
¥ wels.tf
# 5] Home
B0 ¢\
& O b\
@ 0 E\
Oz
@ Geopackage

Layers
s AeTVE-BAL
= @ ¥ n51 e006 larc v3
s
205
= & ¥ n51_e005_1arc_v3
[ [BH
103
= & ¥ n50_e006_1arc_v3
472
705
= M ¥ n50_e005_1arc_v3
| F&
653

i

'%Lxsﬁ.ﬂ

Q. Type to locate (Ctri+K) Coordinate|  6.953,52.006 % Scale[1:442356 & Magnifier|100% i Rotation 0.0 ° 3 ¥ Render @ EPSG:4326 @

We se the four tiles in greyscale. We can distinguish the tiles, because QGIS automatically stretches
the grey values per tile. That means that the grey values are distributed according to the minimum and
maximum value of each tile. When we mosaic (merge)tifles, QGIS will stretch the values for the
whole area, using the minimum and maximum value of the merged raster layer. You'll see that in the
next section.

9.4 Mosaic DEM tiles
Before we proceed, we have to merge the four DEM tiles, which in GIS terminlcajled mosaic.
There are two ways to mosaic the tiles:

1 Merge the tiles into one physical file
1 Merge the tiles into a virtual file

The first option is slower. If we have many tiles, we prefer to make a virtual file that virtually merges
all the tiles. Thawill be done with the following steps:

1) Inthe menu choos®asterA Miscellaneough Build Virtual Raster...

Project Edit View Layer Settings Plugins Vector | Raster Database Web Processing Help

H D =$ m@@; }!& Raster Calculator... j.;:a ) [E [[E [EI g |

Align Rasters...

LAY AN NA L E] = - |

>
Browser Projections Pk
' v I guid vi
OeT T @ cemous ‘ Build Virtual Raster...
- raction .
=+ Favorites o g E Raster Information...
¢ = 05 Z:\QGIS_Exercises\Exercise_4 - Merge..
(= areamask.shp &%, Buid Overviews (Pyramids)...
- U buidg.tif £% Tile Index...
- N Pyercise 4 -
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2) In theBuild Virtual Rastedialogue you can choose each file individually or merge all files in a
directory (folder). We can also merge thiedi that are visible in thMap CanvasWe use the
last option:

1 At Input layers cIic..‘J
I Use theSelectll button to select the four tiles and clidRK

"3 Multiple selection ?

n30_e005_1arc_v3 [EP5G:4326] select all
n30_e006_larc_v3 [EP5G:4326]
n51_e005_1arc_v3 [EP5G:4326] Clear selection

n31_e006_larc_v3 [EPSG:4326]
Toggle selection

Add file(s)...

dddild

Cancel

9 browse to the location where you want to save the output file (e.qg.
D:\ QGIS_Exercises \ Exercise_5 ) andgive it the namalem_mosaic.vrt

1 Resolutim is default set to average. In our case the files all have the same resolution
(1 Arc Second)

1 Uncheck the box beforBlace each input file into a separate baifithis needs to be
checked only if you want to creagemapstack, i.e. with remote sensing bands.

1 Keep theResampling algorithrat the default:nearest . This also has no impact,
because resampling is not needed.
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The dialogue should now look like this:

< Build Virtual Raster

Parameters I Log]
Input layers

|4 elements selected

Resolution

|average

I Place each input file into a separate band
I Allow projection difference

¥ Advanced parameters

I Add alpha mask band to VRT when source raster has none
Override projection for the output file [optional]

Resampling algorithm

|nearest

Virtual

|D:/QGIS_ExerciSes/Exercise_Sf’dem_mosaic.vrt

¥ Open output file after running algorithm
GDAL/OGR console call

D:/QGIS_Exercises/Exercise_5/dem_mosaic.vrt

gdalbuildvrt -resolution average -r nearest -input_file_list C:/Users/hansa/AppData/
Local/Temp/processing_3898e6f6a87c4341beaB51eaa885db40\buildvrtinputFiles.txt

Run as Batch Process... Run

0% Cancel

Help |

3) dickRunto run the algorithm. ClicKloseo get bak to the main screen where you can see

4)

5)

the merged DEM. You notice thatthe Map Canvathe bordes of the tilesarenot visible

anymore in the merged DEM, because QGIS stretches the greyscale using the minimum and
maximum of the entire merged DENIhis § only for visualisation, the values in the tiles are

the same as in the mosaic.

Click right on the layer and chooRenamed.ayer. Rename the layer tdem_mosaic .

Renaming is not needed anymore if you have changed the setting as described in Bdction

Now remove the individual tiles (not tldem_mosaic ) from the layers list by selecting

them while theCtrlbutton is pressed. Then clicking right one of the tile names and select
Removd.ayer . ClickOKto confirm. This will mmove the tiles from the screen, but not from

the hard disk.
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Layers g %

o il ® T &~ 0

B- ' dem_mosaic
N Bk
708
E n51 e006 larc }:‘_. Zoom to Layer
L o e e
; 205 = Show in Overview
=8 n51_e005_1arc_ Copy Layer
. -12 Rename Layer
103 jﬁi Zoom to Mative Resolution (100%:)
= I50S 006 1arcH Stretch Using Current Extent
. 172
705 ] Duplicate Layer
= n50_e005_1larc B Remove Layer..
. 15
i 653 Maove to Top
Group Selected
Set Layer Scale Visibility...
Set CRS L4
Export 4
Properties...

9.5 Reproject DEM

Before continuing, we need to know the projection of the DEM and reproject it to the projection of
our project.

1) Rght click on the layer's name, and sel€cbpertie® .

Layers & X
o« 0l ® T e, -5 AL
| BES {0 Zoom to Layer

708 93 Show in Overview

Copy Layer
Rename Layer

}‘L‘i Zoom to Mative Resolution (100%)
Stretch Using Current Extent

L] Duplicate Layer
[l Remove Layer...

Set Layer Scale Visibility...

Set CRS L4
Export 4
Styles L4

[ poperies. |
2) In thenew window selectnformation(the top tab on the left hangide of the new window).
3) In thelnformationwindow checkhe CRSCQoordinate reference systgm
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aic | Infermation

Information from provider i
Mame dem_mosaic
» Source Path ZI\QGIS Exercises\Exercise Sidem mosaicurt
) CRS EP5G:4326 - WGS 84 - Geographic
* Symbology Extent 4,9997222222222227 49.9%93611111111089 :
T.0002777777777778,52.0001388888888840
L Trensparency Unit  degrees =
— Width 3601
Histogram Height 7201
Data type  Int16 - Sixteen bit signed integer
Q‘-l’ i GDAL Driver Description  VRT
. GDAL Driver Metadata  Virtual Raster
“ Pyramids Dataset Description  7:/0GI5_Exercises/Exercise_5/dem_mosaic.vrt
. Compression
Band 1 ® STATISTICS_APPROXIMATE=YES

!* Metadata

Legend

[&8 qais server

Meore information

® STATISTICS_MAXIMUM=T08

® STATISTICS_MEAN=168.64443907157
® STATISTICS_MINIMUM=-131

* STATISTICS_STDDEV=188.06635770914

Dimensions  X: 3601 Y: 7201 Bands: 1
Origin ~ 4.93972,52.0001
Pixel Size  0.000555556,-0.000277778
Style *l 0K | Cancel | Apply | Help |

The DEM is in its original Lat/Lon Geographic Coordinate SysaterdatumWGS 84EPSG: 4326).

We need to convert it into the projection of our project. Because the project covers multiple
countries, we will not use a local projection but a global projection: UTM Zone 32 North, with WGS
84 as datum.

We can find the EPSG code$tb://www.spatialreference.org

4) Use the website to search f&'TM 32N. You can leave QGIS opened and open a browser:

= | [=] g
| Home -- Spatial Reference x\+
@ & F 0 spatialreferenceorg @ || Q Search wB + & O - & F |- =
Home | Upload Your Own | List user-contributed references | List all references utm 32N wgs 84

Find your references in any number of formats! Recent Uploads

* See Existing EPSG Codes: 4326, 2805

* Upload your own Projection as WKT, proj4, etc.
* Browse a list:

L © 4362 EPSG references

o 447 ESRI references

© 2380 IAU2000 references

© 2045 spatialreference.org references

Recently Viewed

® Perroud 1950 (deg), 480 views, 0 comments

e NAD8S3 / UTM zone 15N, 30708 views, 0 comments

» Albers Conical Equal Area as used by mrlc.gov (NLCD), 4264 views, 0 comments
& American Samoa 1962 / American Samoa Lambert, 2433 views, 0 comments

* WGS 84, 801270 views, 0 comments

Last update: 2013

* SR-ORG:8549: CCL
INEGI |

* SR-ORG:8548: dfd

* SR-ORG:8547: spot i

* SR-ORG:8546: Test

* SR-ORG:8545:
CCTPrimary

il
=
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5) The database returns:

Home | Upload Your Own | List user-contributed references | List all references utm 32N wgs 84 Search
Search References: utm 32N wgs 84 Search n

e EPSG:2215: Manoca 1962 / UTM zone 32N |
* EPSG:3064: IGM95 / UTM zone 32N
* EPSG:3199: LGD2006 / UTM zone 32N

* SR-ORG:6860: UTM-WGS584 32N \
o SR-ORG:6962: esfi I
[ * SR-ORG:7021: prova
[ ® SR-ORG:7025: Dont know what it is I

® SR-ORG:7325: ETRS589 Zone32 Germany

* EPSG:7416: ETRS89 / UTM zone 32N + DVRS0 height
* SR-ORG:7444: WGS84 / UTM zone 32N

* SR-ORG:7887: ETRS89 / UTM zone 32N (zE-N)

* SR-ORG:7911: test

* SR-ORG:8076: prova

* SR-ORG:8089: WG5_1984_UTM_Zone_32N

* EPSG:32432: WGS 72BE / UTM zone 32N

* EPS5G:32632: WGS 84 / UTM zone 32N

About

We have to look at the EPSG codé&&® will use the EPS@2632throughout this project. If
you click on it you can see more details.

6) Now we are going to reproject the DEM from unprojected (Lat/Lon WGEBSG: 4326) to
UTM Zone 32 North / WGS 84 (EPSG: 32832 the main menu choosRaster A
Projections”A Warp (Reproject)

» *Untitled Project - QGIS

Project Edit View Layer Settings Plugins Vector | Raster Database Web Processing Help

U = @ =g M@Eﬂ’ }% Raster Calcufator... [ ) &Ca &;ﬁ [E U:g [I

Align Rasters...
1! ‘q,f = =
H @ aﬁaﬁ:“&.,[—)ﬁ@f? Analysis 3 -.;__J@‘ '*q
Browser Projections i . Assign Projection...
q ] Y 7 O Miscellaneous b Warp (Reproject)...
— Extraction 4
| = '7 Favorites )
H : Conversion 4

= % 7ANGIS Fxerrises\Fxercise 4

7) In the Warpwindow, clickﬁl to choose therarget CRS
8) In the dialogue that opens typ@2632 at Filter and selec?VGS..EPSG32632in the middle
of the dialogue window and clicRK
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9) NOW com plete the »! Coordinate Reference System Selector

dialogue: 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

ﬂ Resampllng method) of the project, but you may override this by selecting a different projection below.

use: We choose Fiter | O 32632
Nearest Recently used coordinate ref *

. Coordinate Reference System Authority D
Nei ghbour to WG 84/ UTM zone 32N EPSG:32632

preserve the elevation
values of the original

files. ‘ | 2]

ﬂ Set theNo data value Coordi fi stems of the world I Hide deprecated CRSs
Coordinate Reference System Authority D
for output banddo - = BB Projectod Corainote Syioms
= Universal Transverse Mercator (UTM)

9999 . Because the &8 WGS 24 / UTM zone 32N EPSG:32632

raster layer will be

reprojected there will |- 1]

Selected CRS IWGS 84/ UTM zone 32N

Extent: 6.00, 0.00, 12,00, 84.00

be "no data" at the

borders. In this way we || g fone=32 tdn=esss sunts=n
define that "no data"
has a value 9999 and
will not be visualised as

~! Warp (Reproject)

"data". | Log|
. Parameters | Log
1 Set theOutput file Tnput laer B
resolutionto 30 m. [ dem_mosaic [EPSG:4326] I
. Source CRS [optional]
 Browse to your exercise | e
folder and name the Target CRS
output file [EPSG:32632 - WG5S 84 / UTM zone 32N - 2|
d . t d Resampling method to use
em_reprojecte [Nearest neighbour =l
Nodata value for output bands [optional]
[-9999.000000 a3
Note thegda|warpcommand that Qutput file resolution in target georeferenced units [optional ]
[30.000000 a 3

will be executed in the background.

¥ Advanced parameters

i Additional creation options [optional]

10) ClickRunto runthe Profile [Default F|
algorithm After mnning

clickCloseo close the

window. | =| validate | Help |

Qutput data type

|Use input layer data type j
Georeferenced extents of output file to be created (xmin, xmax, ymin, ymax) [optional]
|:Lea\-'e blank to use min covering extent] _|
CRS of the target raster extent [optional]

Name Value |

~ Use multithreaded warping implementation
Reprojected
|D:/QGIS_Exercises/Exercise_S/dem_repmjected.tif _I
[riliay bt Bl o0 : 1 b i

‘ 0% Cancel
Run as Batch Process... Run Close | Help |
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Now you will see that the rprojected DEM will appear in the list of Layers. The DEM may seem
distorted, as shown in the image below. This is due to the fact that the Map Canvas Projection is
still in Lat/Lon, atestified by the coordinates in the lower part of the Map Canvas. And the EPSG
code given in the lower right corner. This is due to@hehe-fly projection, which causes a
difference between the projection in the file and the one that is visualised.

Coordinate|4.604,50.122 % Sale|1:5943?8 'lﬁ Magn'rﬁerllt]t]% 3: Rotation I[],U" 3: ¥ Render é EPSG:432E-> Q
\_/

11) To complete this operation, and display properly the new dataset, we need to change the
on-the-fly projection of the Project. To do sbick on the EPSG: 4326 in the lower right of the
screen.

12) In the new dialogue window select tiePSG:32632 projectiothat is already in the list of
Recently used coordinate reference systamshown below, and cli€k

! Project Properties | CRS

— Project Coordinate Reference System (CRS)

iy
%, General ™ Mo projection (or unknown/non-Earth projection)

E Metadata Fllterl O 37632 _
Recently used coordinate reference systems

Coordinate Reference System Authority ID

WGES 84 [ UTM zone 32N EPSG:32632
& Default Styles

Data Sources
4 »
Relations I | _I
Coordinate reference systems of the world " Hide deprecated CRSs
|I|r i ¥
I Coordinate Reference System |Author'rty D
Macros = m Projected Coordinate Systems
- = Umiversal Transverse Mercator (L1TM)
OGIS Server " \WGS 84 | UTM zone 32N EPSG:32632
Hals Sen
4| Iﬂ

Selected CRS |WGS 84 / UTM zone 32N

Extent: 6.00, 0.00, 12.00, 84.00
Proj4: +proj=utm +zone=32
+datum=WG584 +units=m +no_defs

— Datum Transformations

™ Ask for datum transformation if several are avaiable (defined in global setting)

#| =] /|

Source CRS | Source datum transform | Destination CRS | Destination datum tra

4| | LI

OK I Cancel | Apphy | Help |

In the MapCanvashe DEM is now displayed in the correct position (with the North pointing
up), as shown below. The coordinates of the new disatayalso in meters as we want.
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» *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

IDEBRRR[NPL2LAAPPLALABRINIAE -R-I-LEE¥ S & ¢ [0-
| M@V AW/ B ZT >0 B = aFH=2%5%% QAR |28 ® B &

Browser & x

QBY®O
Favorites &
Home

+ z:\
@ GeoPackage

Layers &
CA®TE-BRO
= @ @ Reprojected

[ BtH

700

= . dem_mosaic

| Bk

708

- -
o
=

x |

[Q Type to locate (Ctri+K) 4 legend entries remov Coordinate [126184,5738163 ¥ Scale[1:1415300 ~| @ Magnifier|100% =] Rotation [0,0° = Vﬁier @Epsmz@

13) You can nowemove the filedem rosaic

9.6 Subset DEM
In order to reduce the calculation time of the algorithms, we will subset (or clip) the raster layer.

An easy way to select the boundary of your study area (always ihaklitle bit bigger to prevent
boundary effects) is to use OpenStreetMap. OpenStreetMap contains crowd sourced data (see
http://www.openstreetmap.orgfor more info). If the QuickMapServices plugin is instilfeu can
add an OpensStreetMap to QGIS as follows:

1) Inthe menu choos®ebA QuickMapService§ OSMA OSMStandard
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Project Edit View Layer Settings Plugins Vector Raster Database | Web Progessing Help

(i} @@:zu@@»ﬁﬁﬁﬂm;m
M@V AMI /BRI ZT <D B 6o

E-REE

25w @a)a

" Genshtab

=% Ukraine Cadastre
£ Waze

9 VYandex

E Bergfex

eftlas Mos

P8l 0sm (B 05M Cycle map
({5 Search QMS »# O5M Humanitarian
4 Searcl

({“‘ i S P8 OSM Standard

@ O5M TF Landscape

»
»
»
Browser g % ﬂ ESRI 3
LETHO @ GeoQ 4
B Favarites =] u Geofabrik 4
= 05 Z:\QGIS_Exercises\Exercise_4 = Google »
i G2 areamask.shp -t ?
= buidg.tif m Kosmosnimkiru  »
(2 Exercise_4 @ Portugal »
= industry.sdat 5 Landsat »
- B isroad.tif 3 ManSurfer.NET R
™= iswater.tif &_“ SR
I roads.tif & Mapbox 4
- topo.tf o @ NASA '
o I wels.tf = Georgia r
#- [&] Home
w0 c ¢ CarteDB 4
#- [ Day “ Rosreestr 4
H- 7 EN ’ OpenSeaMap 4
w0 7 £ Sputnik 4
"' GeoPackage LI -
iy Stamen 4
Layers g %
Y strava 4
™y ®, & ~5}
i Q=T - E uses ’
2o TianDiTu 4
»
»
»
»
»
»

-

Now an OpenStreetMap will be shown in thap CanvasTemporarily hié the DEM by
unchecking the box or dragging the OSM layer to the top.

In order to know the approximate extent of the Rur catchment, the exercise data contains a
shapefile with the sourceand the mouth of the catchment. Open the vector layer
source_mouth.shp

Now, from the Main MenuwselectRasterA ExtractionA ClipRaste by Easshemmt é
below:

Project Edit View Layer Setfings Plugins WVector | Raster Database Web Processing Help

U D _ ﬁ =$ M@E:g &(E Raster Calculator... -_), ;a V, [E “:g [E e

— Align Rasters...
M@V MY ) B e F EXY

3
Banrses Projections Pk Rl
Miscelaneous 3 o A
QeY®O _ _ Lo
— - Ll Clip Raster by Extent...
£+ 5 QGIS_Exercises c - ST
.. [ Exercse_1 ONVersion . Clip Raster by Mask Layer_..
- [ Exercise_2 [ Contour...
T Feemiee T I
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5) IntheClip Raster by Extedialogue choose dsput layerdem_reprojected . For Clipping

extent, click or.;l and chooseSelect extent on canvas

6) Draw a box on the map around the points from gmurce_mouth layer.

7) Givethe ouput file the
name
dem subset .tif .Use

the J button to browse

to the right location €.g.
D:\ QGIS_Exercises \

Exercise 5 ).

8) ClickRunandClosehe
dialogue when ready.

9) Now you can removdem_reprojected  from the layers list as we have done before fo
other layers that are not longer needed.
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