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Academical background
= Masterin Geography/Cartography (University of Vienna)

= PhD in Remote Sensing (Technical University of Vienna)

Teaching courses (bachelor/master level) in:

- Geographic Information Systems

- Remote Sensing

www.boku.ac.at
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Objectives of the training

* How can Geographic Information Systems (GIS) help for
empowering women in Turkana?

1. Collect (geo)data representing the driving factors for inequalities or
problems!

2. Analyse these data and their spatial relationships!

3. Present data to local authorities to make problems visible!
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Schedule

- September 25, 2025 September 26, 2025

9:00-10:15 Introduction to GIS Data collection in the field

10:30-12:00 Visualisation of geodata Editing data

Lunch break

Data management and Data analysis

13:00-14:45 :
coordinate systems

15:00-17:00 Data acquisition Map production
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Geographic Information Systems (GIS)

* Whatis a GIS?
A GIS is a system for collecting, managing, and analyzing geographic data.
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Geodata

* Geodata (geographic data) is data with a spatial reference

- Spatial data

- Refer to a position in geographical space ("georeferenced")

- Locate objects, phenomena, ... on a map. "What is where?"
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Geographic Information Systems (GIS)

 GIS will answer questions, such as:
* Whatis at a specific location?
- identifying what exists at a particular place
* Where does it exist?
- involves finding locations that meet specific criteria
* What has changed since...?
- how things have changed over time in a given area
* What spatial patterns exist?
- relationships and anomalies in data
* Whatif...?

- used for forecasting and planning

https://gisgeography.com/what-is-gis/

GIS is a tool for answering questions that involve location and spatial relationships.
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GIS: The Science of Where

 Data Integration:

GIS connects descriptive data (like population or environmental
Information) with its location on Earth, providing a unique spatial
perspective.

 Pattern and Relationship Discovery:

By layering information and visualizing it on maps, GIS helps users identify
trends and correlations that might otherwise be hidden in raw data.

* Problem-Solving:
Organizations and scientists use GIS to address complex issues, such as:
 Urban Planning: Determining optimal locations for new infrastructure and development.
 Environmental Studies: Mapping disease outbreaks, wildlife movement, or changes in glaciers.
 Social Sciences: Analyzing social justice issues or the dynamics of global conflicts.

* Conservation: Identifying areas for sustainable land management and protection.
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Data acquisition

Acquisition

* GIS data acquisition is the process of gathering and inputting spatial and non-spatial
geographic data into a GIS to support decision-making, research, and analysis.

* Primary Data Acquisition:
* |nvolves collecting new, raw data directly from the source.

* Remote Sensing: Using satellite imagery and aerial
ohotography to capture spatial data without physical contact.

* Field Surveys: Employing tools like GPS to collect precise
location data for specific sites.

* Drones/UAVs: Utilizing Unmanned Aerial Vehicles to capture
detailed aerial data.

* Wireless Sensor Networks: Collecting real-time data from a
network of sensors deployed in the field.
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Data acquisition

« Secondary Data Acquisition:

[} BoOKU

Involves acquiring data that has already been created or
collected by others.

Digitizing/Scanning: Converting analog data from physical
maps into a digital format suitable for a GIS.

Purchasing Data: Acquiring pre-processed spatial datasets
from commercial providers.

Data Exchange: Sharing and collaborating with other
organizations or government agencies to obtain data.

Using APIs (Application Programming Interfaces): Allowing

different software applications to communicate and exchange

data directly, often for web-based data.

= USAGE-NG Co-funded by

the European Union

2 OpenStreetMap History Export races User Diaries Communit pyright Help Abou

Export g

Licence

penStreetMap data is licensed under the Open
Data Commons Open Database License (ODbL).

About | Contact | Privacy policy | Legal notice | Cookies EI‘Ig“Sh (en) -

INSPIRE GEOPORTAL

Enhancing access to European spatial data

European Commission > INSPIRE > Geoportal > Priority Data Sets Viewer

' Home = Priority Data Sets Viewer ¥ &2 INSPIRE Thematic Viewer ¥ [l Harvesting status B Find out more about ~

Environmental Domains

Explore Member States’ priority data sets grouped by the following Environmental Domains.

4 9 [

Air & Noise Industry Waste
Covers ambient air quality and cleaner air Covers industrial emissions and industrial Covers the landfill of waste, waste from
for Europe, industrial emissions... accidents... extractive industries, soil..
i ] B459| & 190 | ® 268 i ] B38| X43|@72 i ] B143|&s55| @79

< é &

Nature & Biodiversity Water Marine
Covers conservation of natural habitats and Covers the Water Framework Directives, Covers the Marine Strategy Framework
wild fauna and flora, wild birds... Urban waste water, bathing water... Directive, marine environmental policy...
i ] B273|& 136|® 196 (i ) B784| & 285| @ 363 i ] Bro|X42|®49
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Management/
Storage

Data management

* Data managementis the practice of collecting, storing, and using data securely and
efficiently, helping organizations make informed decisions.

 Several special data formats Non-Spatial Data Vector Data Raster Data

* Database systems

Data source Data layers
Street data

—
M
_-— - g
¥

Vegetation data

Statistical Data Models
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Data analysis

 Spatial distribution: analysis of how
features, phenomena, or data are arranged
across a geographic area, helping to identify
patterns and relationships.

* Overlay analysis: involves combining
multiple geospatial data layers to create a
composite map that shows the spatial
relationships between different features.
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Legend
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https://malariajournal.biomedcentral.com/articles/10.1186/s12936-015-0873-2
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Data analysis

Analysis /

Processing

* Proximity analysis: creates a zone of a specified
distance around a geographic feature (point, line, or
polygon) to identify areas within its influence.

Points

https://support.esri.com/de-de/knowledge-base/problem-point-features-in-an-overlapping-buffer-area-ar-000018799
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Analysis /

Processing

* Hot spot analysis: identify statistically significant clusters of high or low values in a dataset.
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Data analysis

 Surface Creation and Analysis: Creating and
analyzing surfaces from data points to understand
terrain or other continuous phenomena.

Elevation

Line-of-sight Volume
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Data analysis

* Table and Attribute Analysis: Managing and analyzing the attribute
data associated with geographic features to extract meaningful
iInformation.
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Tree type: fir
Height: 20 meters
Age: 25 years
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4 Polyon
Parcel Nr. 123

Owner: XY
Area: 15000 m?

Analysis /

Processing

v’ Line

Type: Water,
Diameter: 5 cm,
Built: 1995,
Company: XY
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Analysis /

Processing
* Selecting and Extracting Data: Isolating specific features or data subsets from larger
datasets based on spatial or attribute criteria.
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Data visualisation

* Key Characteristics

[} BoOKU

Agricultural

Neatline Title

» USAGE-NG

Engineering
Next Generation

ion

Visualisation

* Amap is atwo-dimensional, symbolic representation of a selected area, such as a part of
the Earth's surface, to show the location of features, distances, and shapesin a simple,
visual way.

Production

Medium
el

Symbolic Representation:

Maps use symbols, colors, and text to depict real-world features
like rivers, roads, buildings, and boundaries on a flat surface.

Visual Information:

They provide graphical information about a place, helping people
to understand sizes, shapes, and locations of various elements.

Scalability:

Maps are scaled down to fit a flat surface, allowing for the

South A'merica

./‘

L Principal
Map Body

—Label
|~

| Visual
— Variable

- Graticule
/

~ Ancillary

Islands

Object

Directional

2+ <
Falkliand North

Indicator

representation of very large areas, from a neighborhood to the

Facts about South America:

Scale

Ancillary

Covers 8.3% of the Earth's total surface. ¢
Fourth largest continent.
Politically divided into twelve sovereign states.

Predominant languages spoken are Spanish and Portuguese.

Text

Map Design: J. Doe <

— Metadata

entire world.
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From Real World to Geodata

Real World GIS Layers Data

.

Full View

Elevations

e Vector data

Buildings ‘

Boundaries

e Raster data

Water Bodies

Your Data

VALl
daile
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Vector data

* Points, lines, polygons: vector graphics are comprised of vertices and paths.

* Points are simply XY coordinates.

Point , 0

* Vector lines connect each vertex with ‘
paths. Vector
* Vector polygon: join a set of vertices in a
particular order and close it. (« 'r ;i‘ o

Line

f—g 5
@ -

<
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Raster data

* Raster datais made up of pixels (also referred to as grid cells). They are usually regularly
spaced and square

* Discrete rasters have distinct themes or categories. For example, one grid cell represents
a land cover class or a soil type.
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Geodata Analysis and Data Collection for EmpoweringWomen
In Turkana

* How can GIS help for empowering women in Turkana?
1. Collect data representing the driving factors for inequalities or problems!
2. Analyse these data and their spatial relationships!

3. Present data to local authorities to make problems visible!
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Discussion

* Think about topics which affect women in their daily life?

* How can we represent these topics with geodata?

Groups of 4 persons

Time: 10 -15 minutes
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Geodata Analysis and Data Collection for EmpoweringWomen
In Turkana

 Infrastructure:

By mapping where women live (households), location of markets, %
schools, roads, ... = -

* Access to healthcare: . ey

GIS can identify areas with limited healthcare access, allowing for | By L W, .
better resource allocation and improved healthcare outcomes for ? st KA Oy D
women. 0, |

* Land Rights: 2 ot G

GIS can be used to map land ownership, location of fields which
belong to women, ... ? il ey
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Geodata Analysis and Data Collection for EmpoweringWomen
In Turkana

* Disasterresponse:

GIS can help map vulnerable populations and resources, enabling

more effective and targeted disaster relief efforts that prioritize ey

‘ [
women's needs.

i .
* Urban planning: : " 0 ?
GIS can inform urban planning decisions to create safer e N oy
and more inclusive cities, particularly for women who may
face safety concerns in public spaces. & 5 N
° . : “@ 9 : ‘

* Environmental management: . 2
GIS can be used to monitor and manage natural resources, > X ik
which can be particularly important for women who rely on S

these resources for livelihoods.

[] BOKU AfricaUniNet - Project 147 - Women LLL Education and Empowerment in Kenya (WEEK) 27



n US‘?‘?F'NG Co-funded by

the European Union

Benefits of GIS for teaching in schools

 Spatial reasoning and problem-solving: GIS software allows students to analyze geographic
data, recognize patterns, and solve their own problems. Instead of just reading maps, they create
and interpret their own thematic maps.

* Visualization of complex data: GIS not only visualizes geographic information (such as rivers or
cities), but also links it to factual data (e.g., population density, income, pollution). This makes
abstract relationships such as the correlation between urban density and traffic volume tangible.

* [ncrease motivation: The interactive and hands-on work with GIS tools motivates students. They
can use real-world, up-to-date data to examine local or global issues, making lessons more
relevant and exciting.

* Promotion of digital skills: The use of GIS software trains important digital skills that are in
demand in many professional fields. This includes data management, analysis, critical media
literacy, and presentation creation.

* |nquiry-exploratory learning: GIS supports a teaching approach where students hypothesize,
collect and analyze data to find answers. This promotes independent, scientific work.
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Possible applications and examples

* GIStechnology can be applied in all geographical subject areas, for example:

[} BoOKU

Urban Geography: Students can analyze the development of cities by comparing historical satellite
Imagery or examining data on land use, infrastructure, and population distribution in different
neighborhoods.

Climate change and environment: GIS allows students to visualize and analyze the spread of deserts,
the retreat of glaciers, or the distribution of greenhouse gas emissions on a world map. You can create
buffer zones around nature reserves or simulate the effects of flooding.

Economic geography: Learners can examine the location factors of companies by comparing data
such as proximity to highways, labor availability, or purchasing power in a region.

Demography: Pupils can map population migrations, age structures or the distribution of ethnic
groups in a region and thus explore relationships between social and geographical factors.

Disaster management: By layering layers of data (e.g., weather data, topography, infrastructure),
students can identify potential risk zones for natural disasters and plan possible evacuation routes.
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software  |OOftWware:
C:\GIS_training\Software

* https://qgis.org

QGIS (previously known as Quantum GIS) is a free and open-source geographic
information system (GIS) software. It's a cross-platform desktop application that allows
users to create, view, edit, analyze, and publish geospatial information. As an open-
source project, QGIS is developed and maintained by a global community of volunteers and
organizations.

-~
/

— == o
Free and Open Source )

Spatial without

Compromise

Download
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Download QGIS

m USAGE-NG
Iu Up-skilling

Agricultural Engineering
Next Generation

Co-funded by
the European Union

 Long Term Release: = stable and unchanged platform for companies and organizations

QGIS

Project
Community
Resources
Funding
Goodies
Download

Archive

Project Community Resources & pDownload %

Download QGIS for your platform

The current version is QGIS 3.42.0 ‘Mdnster’ and was released on 2025-02-21.

The long-term builds currently provide 3.40.4 'Bratislava’ Long Term Release (LTR) builds are intended for those who value
stability over having the latest features. If you are unsure which version is best for you, download the LTR.

QGIS is available on Windows, macOS, Linux, Android and i05.
Online (0SGeo4W) installer:

OSGeo&W Network Installer

This installer is the best way to keep QGIS up to date, run multiple versions on your system and keep the load on our download
servers to a minimum. Learn more.

Offline (Standalone) installers:

Long Term Version for Windows (3.40 LTR) | Latest Version for Windows (3.42)

| Latest Version for Windows (3.42) with Qt6 (experimental) |

| Long Term Version for Windows (3.40) with Qt6 (experimental) |

These installers are for users who wish to easily share the download e.g. putting it on a USB key or network share. Learn more.

b Since QGIS 320 we only ship 64-bit Windows executables.

Other platforms
£ Linux -

{. macos -

& BSD ~

“J Container Images -

i Mobile and tablet -~

£ Linux

GNU/Linux is a Free operating system built on the same principles that QGIS is built on. We provide installers for many flavors of
GNU/Linux binary packages (including rpm and deb packages). Please select your choice of distro below:

« Debian/Ubuntu
« Fedora

« NixOS

= openSUSE

« Mandriva

= Slackware

= Arch Linux

= Flatpak

= Spack

Linux Installation Instructions

! BOKU

.. macOS§ -

Long Term Version for Mac OS (3.40 LTR) | Latest Version for Mac OS (3.42)

Alternatively, for native support of both Intel xB6 and Apple ARM architectures, together with the latest versions of key
components (e.g. GDAL PDAL, GRASS GIS) see MacPorts Installing Instructions

I~ - Tips for first launch

After installing QGIS, the first launch attempt may fail due to Apple’s security framework.

For macOS Sonoma (14) and earlier: To enable QGIS, command-click on its icon in your Applications folder and
select Open in the context menu. A confirmation dialog will display where you need to click the Open button
again. This only has to be done once.

For macOS Sequoia (15) and newer: To enable QGIS, command-click its icon in your Applications folder and select
Open from the context menu. A warning dialog will appear: click the Done button. Next, navigate to System
Settings > Privacy & Security and scroll to the Security section. You should see a message stating that "QGIS” was
blocked to protect your Mac. Click Open Anyway. A confirmation dialog will appear; click Open Anyway again. This
only has to be done once.

AfricaUniNet — Project 147 —Women LLL Education and Empowerment in Kenya (WEEK)
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QGIS Desktop

(2 Untitled Project — QGIS

Project Edit View Layer

-l

Browser
e T®O
‘,-"f‘j Favorites
» ¥ Spatial Bookmarks
» [68] Home
> B €A
» [ D\ (Volume)
» [7] G\ (BAU_Geomatik)
@ GeoPackage
/ Spatialite
@ rostGis
{li: SAP HANA
P MssaL
@ Oracle
& WMS/WMTS
BH Vector Tiles
b iE XYZ Tiles
& wcs
Layers

« @l & W%

e AT (3

e B

: Q_ Type to locate (Ctrl+K)

Settings
B Orpepln ® o
B@NAwE B

Plugins Vector Raster Database Web Mesh Processing Help

BLatlDOoO

v
-

®®  Recent Projects

i@@

Start a new project!

Project — New

Edit View Vect

Plugins

Layer Setlings

Mew from Template

@

Coordinate

= O %
BB RERIT E-=-P 6
R 2
News
X

' scale :37317864 ¥ | @ Magnifier 100%

Planned end of life for Windows 32-Bit Support

QGIS will drop 32-bit support on Windows after the QGIS 3.16 release when
we update our Qt dependencies to Qt 5.15. The update to Qt 5.15 s an
important step towards staying in sync with Qt developments. Qt 5.15 is the
minimum version that will provide forward compatibility with Qt 6. By
updating to 5.15, we, therefore, ensure that QGIS is future proof. Please
double-click this entry to find out more.

%)
QGIS Monthly Virtual Fridays!

Have you been missing all the buzz and excitement around the 6-monthly
in-person meetups we used to hold? Perhaps you live far away from Europe
and could never join these meetups in person? Well we have great news for
vou! Startina Auaust Fridav 28th 2020, we wil be holdina dav-lona virtual

New Empty Project

EPSG:4326 - WGS 84

| Rotation [0,0° 3| V| Render @epsciaze @

-~

, /!

[} BoOKU
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First steps

[} BoOKU

QGIS Desktop

1. The menu bar contains the usual general
commands from File to Help.

2. Toolbars contain various functions for editing the
data and can be added or removed as required.

3. Underthe Layer panel all loaded geodata are listed.
The legend for the data can be activated/deactivated or
the data can be made visible or invisible.

4. The map window shows all loaded data. The
sequence of the data is determined via the "Layer" or
"Layer Order" panel.

Co-funded by
the European Union

USAGE-NG
I Up-skilling
Agricultural Engineering

eeeeeeeeeeeee

( *Untitled Project - QGIS

= O X

1

DEBBRRY D*L2L APPR /BRI 0 -H-6-LEE¥ I &- ) 0-

Layers B6a
Vo l¢easra~-a »

AUT Administ...

| & Type to locate (Ctri+K) | Ready

Coordinate 298523,617936 | Scale 1:28089 ~ | @@ Magnfier 100% |3 Rotaton |0.0° 3|V Render @epscaizey @

5. Inthe status bar you will find information about the coordinate reference system (CRS) used or
the map projection, the display scale and the coordinates where the cursor is located.
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Panels and Toolbars

* View-Panels

Lo)!r Settngs Pugins Vector Raster Database Wed SCP Progessing  Help

o New Map Vew
A New 30 Map View
O Pan Vap
* Pan Map to Selection
# Zocomin
» Joom Out
O idernity Feotures
Measure
T Statistical Summasy
58 Zoom full
» Zoom % Layet
» ' Toom 30 Selecucn
sy 200 Last
Decoratons
Preview Mode
¢ Show Nap Tips
%, New Bookmaric
¥ Snow Sookmarks
~ Refresh
* Show All Layers
Hide All Layers
», Show Selected Lyyers
Mide Selected Layers
Hide Detalected Lapers

Parws

ToODans

Toggke Full Sorpen Mode
Toggke Paned Yisibilay
Toggle Map Ondy

trisM ‘ 0 M~

¢ <l 0 =D ~ @
CtrlaShufte M

ClrisAlte »

trisAlte-

Clri«Shuft+]

(:hl OShl’foF

Cirle)

Acitvate:

Layer Panel

Browser Panel

CIsSHnese

&5

Browser (2) Paned
GPS Information Pane!
Layer Order Paned

Ctri«Shift+l
Cirl=Shifte M

Layer Styleg Paned

Log Messages Panel

Overanen Pamel

Results Viewer Panel

1

- SCP Dock Panel
CuteTab

2 () Seasch QMS Panel
Citrl « Shifts Tab

[} BoOKU

Processing Toolbox Pace

Saatial Bockmarks Pana

View - Toolbars

ayer Settings Pugins Vector Raster Dotabase Web SOP Progessing Melp

=)
Map View

4 New 20 Map Vien
O Pan Map

| %* Pan Map to Selection

& Zooen In

» Zoom Out

O, idemity Features
Measure

T Statistical Summary

su ZoCm Bl

b TOOm %0 Lipes

s Zocen 1o Selection

sty 00 Last

5 at .

Decoranons
Preview Node

s Show Map Tips

E, New Bookmark.

Show Soomarks

~ Refresh

* Show Al Layess
Hide Al Layers

® Show Selected Layerss
Hide Selected Layers
Hide Deselectad Layers

Panely

Toggie Full Scrgen Mode
Togghe Panet Yisibilay
Togge Map Only

CirleM
CirieShifteM

Cin=Alte s
Cirl v Alt+-
Ciri=Shift+l

Cul=Suft+F

Cule)

Cirt=8
ClrisShuft«B
ES
CtrieShift+l)
CulsShift+ M

M
Cil«Tab
CirteShift+Tad

1 L e

- -

o2 AbA T - I

Jeutscy ENQiIS

Aavanced Digitizing Toolbar
V' Amributes Toolbar

Da%a Source Marager Tooar

Database Foolbar

Digntizing Toolbar

Help Toolber

Labe! Tooloar

v Map Navgation Toolbar

Plugins Toolbe
v Propect Toolbar
Raaster Toolbat
Shape Digizing Toolba
Snapping Todibat
Vecnor Toolbar
VWabd Toolbw
QF lelsSyne

SCP Woddag Tooltar
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Data:

Add data
C:\GIS_training\GIS_data_prac

* Load various geodata

() *Untitled Project - QGIS

Project dit i tti lugi Vect t tab b P i |
roject Edit View Layer Settings Plugins Vector Raster Database We rocessing Help @ Data Source Manager | Vector X

P] #  Data Source Manager Ctri+L {?} 2 g ¢ T « n
o o V. /i 1L |
o Yo Aoy AddLayer » |V, Add Vector Layer... Ctrl+Shift+v  JL0
L = b-———— . W gy Vector (®) File Directory () Database (O) Protocol: HTTP(S), cloud, etc.
vo Browser Embed Layers and Groups... 5 Add Raster Layer... Ctrl+Shift+R
¥

B YTE Add from Layer Definition File... 9, Add Delimited Text Layer... Raster Encoding System W
o Favorit oty e W, Add PostGIS Layers... Ctrl+Shift+D
9 B Home DR /, Add Spatialite Layer.. Ctrl+ ShiftL Mesh Hree
O = i3 ste Sty : : Vector Dataset(s)
/ |7 ,_1 CA\ . W Add MSSQL Spatial Layer... Ctrl+Shift+M Delirited Toxt I
Q 3 DA Copy Layer @, Add DB2 Spatial Layer... Ctrl+Shifts2 —
m 3 EA Paste Layer/Group @, Add Oracle Spatial Layer... Ctrl+Shift+ O GeoPackage
= GeoPac N A
' - ;‘;: Spatial. Open Attribute Table F6 W& Add/Edit Virtual Layer... > T
G M @ Add WMS/WMTS Layer... Ctrl+ Shifts W >patialite
' PostGI¢ Toggle Editing
G@ v B mssqu B Save Layer Edits @8 Add ArcGIS MapServer Layer... PostgresaL
{% @ Oracle Current Edits , @ Add WCS Layer..
(V’f.‘. @ 082 \':J Add WFS Layef... A SSQL
v Cavva Ae ot
2+ @ WMSA niilans & Add ArcGIS FeatureServer Layer...
\fo > (D XYZ Til Save As Layer Definition File.., Oracle
&3 1} "
’ Wes L4 Remove Layer/Group Ctrl+D 0R2
=~ DB2
& wrs | & Duplicate Layer(s) ’
) OWS Set Scale Visibility of Layer(s) b!’ Virtual Layer
- o + J
&9 ArcGisl Set CRS of Layer(s) Ctrl+Shift+C
& ArcGisk Set Project CRS from Layer Q WMS/WMTS
* GeoNo Layer Properties... _E'_ wee
WCs
Filter... Ctri+F -
Labeling
Layers
. O0 Show in Overview g Close Add Help
« (@l ® Y © ShowinOverview - ArcGIS Map Server
©0  Show All in Overview
| @2 Hide All from Overview
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(2} Open OGR Supported Vector Dataset(s) X
Ad d d a l a . v <« Di(D:) » Projekte » WEEK Kenia_Turkana > GIS_lecture » GIS_data_practical w G GIS_data_practical durchsuc... ©
Organisieren + Meuer Crdner =+ [ o
s E. Windows ()] MName ﬁ«nderungsdatum Typ Grafe

22.08.2025 14:51 SHR-Datei TN KB

5 e D: (D) D Kenia_boundaries.shp

H 25 14:52 ] 1 35 K]
5 TG D Kenia_health_polygon.shp 514:53 SHP-Datei 135 KB

D Kenia_major_roads.shp 25 14:53 SHP-Datei 96 KB

o wm T7(G2)

D Kenia_major_towns.shp 25 14:55 SHP-Datei 2KB

> a_ Netzwerk

° D World_population.shp 22,08.2025 14:52 SHP-Datei 133784 KB
. L d d ¥ b Linux
oad various geo ata |
Dateiname:| v| ESRI Shapefiles (*.shp;*.shz*.sh ~
( () Data Source Manager | Vector = O * 1 g@en | Abbrechen
iw“ Vector ®) Fie Directory Database Protocol: HTTR(S), doud, etc. 0GC API
Encoding Ea— - ESRI Shapefiles (*.shp;*.shz*sh
All files ()
Mezh Source All supported files (*.pix;* PG ne* MC* eml® XML jp2s* JPZ* jp 2 JP2* j2k* J2K* pdf, " PDF* mbtiles;*.METILES;
GDAL/OGR VaIFileHandler (*.zip;*.gz* tar* tar.gz* tgz* ZIP;*.GZ* TAR,* TAR.GZ* TGL)
" Ppoint Cloud Vector Dataset(s) :cture'\GIS_data_practical\Kenia_major_towns.shp™ "D \Projekte \WEEK_Kenia_Turkana\GIS_lecture\GIS_data_practical\World_population.shp™ |_ (Geo)Arrow |PC File Format / Stream (*.arrow;” feather;*.arrows;*.ipc;" ARROW;* FEATHER;* ARROWS;*.IPC)
(Geo)Parquet (*.parquet;*.PARCUET)
Delimited Text w Options ' Arc/Info ASCI Coverage (*.e00;*.EQD)
: [ AutoCAD DXF (*.dxf:*.DXF)
3 GeaPackane Consult ESRI Shapefile driver help page for detailed explanations on options [ | AutoCAD Driver (*.dwg;*.DWG)
ENCODING Default . | Bathymetry Attributed Grid (*.bag;*.BAG)
GPS | Comma Separated Value (".csv ™. C5Y)
DEF_DATE_LAST_UPDATE |Default ' |Czech Cadastral Exchange Data Format (*.vfl;™ VFK)
. Spatialite ADIUST_TYPE <Default> - | | |EDIGEO (*thf;".THF)
- E5RI Personal GeoDatabase (*.mdb:*.MDE]
PostgresaL ADIUST_GEOM_TYPE <Default> MBI ESR! Shapefiles (*.shp:*.shz;*.shp.zip;*.SHP;*.SHZ:*.SHP.ZIP)
ALTO REPACK S - | ESRUSOMN (*.json; ™ JS0N)
e - oetaut> | |FlatGeobuf (*fgb;*.FGB)
8 DEF_EOF_CHAR <Default= -~ | | |GMT ASCI Vectors (.gmt) (*.gmt;*.GMT)
Orade | |GPS eXchange Format [GPX] (*.gpx;*.GPX)
- | |GPSBabel (*.mps;*.gdb;*.0sm;* tox:*.ige™ MP5;*.GDE;*. 0OSM;* TCX;*.IGC)
WA it Laver | |General Transit Feed Specification (*.zip;*.ZIP)
l-.a- ! Close | |GeoJSON (*.geojson:*. GEQJSON)
| Geo)50M Mewline Delimited JSOM (*.geojsonl;*.geojsons;*.nlgecjson; ™. json;* GEQJSOML* GEOJSOMS* MLGECISOMN
[ Kenia_boundaries.shp 22,08.2025 14:51 SHP-Datei 711 KB gzz;g;k;iﬁ;ggﬁjﬁpm
[7] Kenia_health_polygon.shp 22,08.2025 14:53 SHP-Datei 135 KB Geoconcept (*.gut™ &t GXT, ™. TXT)

D Kenia_major_roads.shp 22,08.2025 14:33 SHP-Date 96 KB

= Look for ESRI Shapefiles
— Shape-File (SHP) is a special geodata forma

D Kenia_major_towns.shp 22.08.2025 14:55 SHP-Datei 2 KB

D World_population.shp 22.08.2025 14:52 SHP-Date 133 74 KB
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Displaying data

* Change drawing order

. e
 §l ® T - - AL o il ® T, - - QO
|| world population © Kenia_maijor towns
© Kenia_major_towns ~~ Kenia_major_roads
~— Kenia_major_roads I Kenia_health_polygon
I kenia_health_polygon I Kkenia_boundaries
"] Kenia_boundaries | World_population
Drag&drop with left mouse button

(hold button)

* Map Navigation Toolbar

U Eﬁ»ﬁﬂﬂi}@:;ﬂ sa
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Displaying data

 Layer Context-Menu

F
r [
r [
r [

Layers

o,

query).

Right mouse-button on layer-name

w W W "’l-

| AL AR I.I_I_'_ll (LSS

) Kenia_boun{ '+ Zoom to Layer(s)

- Kenia_healt Zoom to Selection

Kenia_majar =2 Show in Qverview

D Kenia_major Show Feature Count
b World_popu
' 03 ofeld =i Show Labels
b [ Qfield_test CopyLayer
¥ [ 7] Presentations Rename Layer

20241003 _154206.jpd
Bauer.JPG
" Pass_Bauer.jpg

ﬂ Eemove Layer...
Mowve to Top

= Pass_Bauer.pdf Open Attribute Table

Publikationen_Konferenzg /' Toggle Editing

QField_PC

sCropy-wing4-v3.3.1

Filter...

Set Layer Scale Visibility ..

M ® T &~6 7 Layer CRS

v
v

' Kenia_major_towns Expart

Kenia_major_roads Styles

v . Kenia_health_polyg Add Laver Motes...
W . Kenia_boundaries

[} BoOKU

Change Data Source...

m USAGE-NG
I I Agric u\ﬂi;iﬁ;ﬁeen ng

Next Generation

Co-funded by
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The most important functions are:

« Zoom to Layer: important if data is not displayed or you have "lost your way"
in the data. The system zooms to the entire extent of the selected layer.

* Remove Layer: the layer is deleted from the QGIS project. The record
remains on disk!

 Layer CRS: the coordinate reference system can be defined for this layer.

* Open Attribute Table: beside the objects (geometry) there is always an
attribute table behind it, where properties for the objects can be stored.

* Toggle Editing: if you want to modify the shape of objects or attributes or
add new ones, you can switch the editing mode on and off with this

| command.

 Export: with this you can export all or only selected objects to a new data
set (e.g. Shape file).

* Filter: restrict which objects should be displayed (you must then define a

* Properties: if you want to change the display type (symbols, labels, etc.),
this is done via the properties of the layer.
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D i S p l a i n d a t a (.) Layer Properties - AUT_Bundesland_Grenzen | Information X
Information from provider
0 Information
Name AUT_Bundesland_Grenzen
- . - Source Path [ .Ge::::r:f.::[--.‘stt:::n:z.:z.';z.te-“r QGISVAUT Bundesland Grenzen.shp
) P f d l l Storage ESRI Shapefile
ropertles or aisplaying Layers G by S
Browser [ [2€) Encoding UTF-8
~ Labels Geometry Polygon (MultiPolygon)
LeT T o CRS EPSG:31287 - MGl / Austria Lambert - Projected
b |__-| CVs r Diagrams Extent 112523.0001492149312980,275474.1648401347920299 :
b [ ] Edu4GED2_appear 685439.9998507851269096,570451.1655628550797701
v [ LigLam 3D View Unit meters
¥ [ Reiseabrechnung_Formulare Feature count 10
~ 5 WEEK_Kenia_Turkana Source Fields
k |__'| Description - .
b 5 GIS_data_Kenia Attributes Form Identification
v 5 o Jecture Identifier
~ [ GIS_data_practi=sL_ . b
b %7 Kenia_bound #~ Zoom to Layer(s) Joins Parent Ident.;.::er
b 5 Kenia_health Zoom to Selection Auxiliary Type
b :ﬂ_j Kenia_major ‘:"3 Show in Qverview Storage Language
b /2 Kenia_major Show Feature Count ) Abstract
¥ 7 world_popul Actions D
D“‘- e Show Labels Categories
' Qfield Keywords
Copy L : eyw
¥ [ Qfield_test oy EaYEr Display
k |:| Presentations Rename Layer <
: . Rendering
¥ [ Travel Kenia_2025 [ Duplicate Layer Fxtent
o 20241008_154206.ipg [l Remove Layer . Variables
; Bauer.JPG Move to Top . I EXtCRS
Pass_Bauer.jpg — _ Metadata patia ent
b £ pass_Bauer.pdf Cpen Attribute Table Temporal Extent
¥ [ Publikationen_Konferenze| ¢ Toggle Editing Dependencies
¥ [ QField_Pc Filter ..
b [ screpy-wing4-v3.3.1 Change Data Source. . 3 Legend Access
Layers Set Layer Scale Visibility... &@ QGIS S Feca
erver
@l @ T &~-d4 @ Layer CRS ' Licenses
v © Kenia_major_towns|  FXPort ' Digitizing - tR-s!htt:
v Kenia_major_roads Styles b Eaan
v| [l Kenia_health_po Add Layer Motes... v
vd . Kenia_boundaries ez 7 : T T
B world population — Style v 0K | Cancel || Apply | Help
[] BOKU AfricaUniNet — Project 147 —Women LLL Education and Empowerment in Kenya (WEEK) 40



Displaying data

: B USAGF'NG RALMN Co-funded by
IJ ssicarra e [NCEN the European Union
Next Generation

Mo Symbols

* Properties for displaying layers = Single Symbol
e - _ S — ]
Layers 'r @ Layer F*rc:puerties—‘|.“||’cnnr1d_pc:upu|aticm—S;-vmbi:rll::g).r x| o | [:atE ﬂrIIEd
vawT&E-#A0 o EEE - j - .
@ Kenj-'a_ma_far_mwns @ rrformation : DE; Simple Fil * I ErEdUEtEd
Kenia_major_roads A~ cource [ ]
. Kenia_health_polygon "
r—
v| [ ] world population O Lt
ﬂm Masks Color . o
& o e e Change colour
Unit | Milimeters s o

Use pre-defined symbols

- .
1 Diagrams

. Defout * Layer rendering: set
fues Ferm Project Styles

Joins

N
Eﬁ Auxiliary Storage

opacity

I

gradient plasma

m W

gradient blue fil

gradient brown fil

gradient green fil

{L}@ Actions
. Display

F
4 Rendering

a' Temporal

gradient gray fil

Simple Fill:

Symbaol layer type| Simple Fill

1

Variables Fill color - EL
."m—..finni' nrannea fill nradient nink fil nradient nurnla fil nradient rad fill nradient wallnwr fil b’ Fil 51_-5.4.,:_- -Sghd - EL
Save Symbol... | | Advanced ~
stroke color | ([ S - =
w Layer Rendering
M Dependencies Opacity 10,0 % = Stroke width | 0,260000 3| [ Miimeters  ~ | €]
L]
Legend Hlending made L:IYE" Feature Stroke style Solid Line ~| €
ormal ¥ | Mormal hd
—To) QGIS Server Draw effects Join style I Bevel - E,
H Digitizing Control feature rendering order ¥ | 0,000000 ;
Offset Milimeters ~ | &
QField Style - Ok Cancel Apply Help y | 0,000000 -
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Displaying data

* Properties for displaying layers: check attribute table!

'&." GeoPackage = —
o L ! EI:II:IITI to LEI'!,I'EF(E::I () World_population — Features Total: 657, Filtered: 651, Selected: 0 = | ™
F Spatialite - - G . _
. | 5 L1 1 - !
. ' PostgreSoL Zoom to Selection / ~ . : A T B &L EE = e
oo ] ] FIPS_CNTRY 1SO_2DIGIT | 1S0_3DIGIT NAME LONG_NAME  ICSHRTMA _OCLNGNAM= CAPITAL COUNTRYAFF CONTINENT LAND TYPE  AND_RANH COLORMAP  Shape Leng Shape_Area | ISO_NUMERI =~ WB_Country
F | (FA] (FA] .
I SAP HAMA +] Show in Qverview 1 |ag AS ASM American Samoa I‘?ﬂl‘ﬁﬂ;‘;%‘;ma LEL LiL Pago Pago Urited States Oceania very small island 1 2| 026663363153 5,3630915e-05 016 American Samea | 201
.
} MS S0L Server Show Feature Count 2 [ag AS ASM American Samoa Ifn';'fi‘;"s';ma ANEL | ML Pago Pago Urited States Oceania Small island 2 2 0,63552598343  0,00527502717 016 American Samoa 201
@ Orade w1 Show Labels 3 |AQ As ASM American Samoa I‘fﬂl‘ﬁi;‘;%‘;ma 77 77 Pago Pago United States Oceania Primary land 5 2 1,18021144793  0,01143616192 016 American Samoa | 201
ﬁ I:II:ILII:I ':Dl:l'jl' LEI'!.I'EF :4 AV Al ALA Anguilla Anguilla MLLL ALEL The Valley United Kingdom Morth America Primary land 5 6 0,03151833839 3,783284e-05 660 MLEL
)
¥ ?’.ﬂ" ArciGIs REST Se R L Is |av Al ATA Anguila anguila ML ML The Valley United Kingdom MNorth America Very small island 1 6  0,11824602011  0,00010427369 660 Ll
ename Layer ;
r ﬂ‘:. QFieldCIDud s |av Al ATA Anguilla Anguilla MEL |t The Valley United Kingdom  North America Small island b3 6  0,83869869011  0,00695720987 660 ML
[7) S5TAC EI QUI:llll:EltE LEI'!.I'EF 7 |ar AQ ATA Antarctica Antarctica ALLL MLLL Led WL Antarctica Small island 2 7| 91,03635537920 1,72737920091 010 L
!
L lq__,.l'? WiMS ,|'"I."'.I'|"-"|_|_5 ﬂ Eemove Layer... la |AY AQ ATA Antarctica Antarctica ML NLLL ML NLLL Antarctica Primary land 5 7 1292,697409530... 6074,572682310... 010 MLEL
% SEEFIEE MIII".I'E tl:I T|:||:| g AY AQ ATA Antarctica Antarctica AL NLLL LeL L Antarctica Large island 4 7 113,72276353500 | 26,21902577530 010 L
(1] Sensnﬂ'hings |10 |AY A ATA Antarctica Antarctica ML MLEL AL MLEL Antarctica Medium island 3 7 123,27351515000 9,21628616797 010 MLEL
i Open Attribute Table . AC AG ATG Anti d Barbud Antigua and Saint John! Anfigua and North Ameri small island 2 2 0,14708770573 0,0002675724 028 Antigua and 556
[} @ l'."E':tl:lr -|—||E5 11 ntigua and Barbuda Barbuda AEL MLEL aint John's Barbuda or MmEerica maill islan . / Barbuda
v =xs ¥YZ Tiles Toggle Editing 12 |AC AG ATG Antigua and Barbuda ggfbgu“daaa”d AMEL | ML Saint John's E"“;rhbguf:”d Marth America very small island 1 2 0,20735208407  0,00013511274 028 g‘;fbgu“d?”d 556
e GDDQ|E Hy'I:lr Ei|1:EF ... :13 AC AG ATG Antigua and Barbuda gg;u"jguudaaand MEL |t Saint John's B"“thfu?:”d Morth America Primary land 5 2 2,54038580607 0,03653631666 028 ggfsgu“d?”d 556
EEE GDDQ'E Sate Change Data Source ... 114 | AA AW ABW Aruba Aruba MLLL AL Oranjestad Metherlands South America Small island 2 1 0,69907195789 0,01512430372 533 Aruba 549
et = cale Vi 'h'|'ty' l15 |as AU AUS Australia iﬂ;“trr“ji';""ea'ﬂ" of | npas LLL Canberra Australia Australia Medium island 3 4 3539560802280  1,34772857557 036 Australia 102
Avers et Layer Scale Visibility .. -
¥ 15 |AS AU AUS Australia :ﬂ;"trr";fi’;""ealm of | jwr | mar Canberra Australia Australia Primary land 5 4 453,95883089100 6£92,45120282700 036 Australia 102
Layer CRS "
of I@ ] ? L7 ¥ 17 |AS AL ALS Australia gﬂ;“trr“;l'ig“ealﬂ" of | nuws LAl Canberra Australia Australia Very small island 1 4 4647501387770 0,03952849648 036 Australia 102
E@DFt | 7 [t et e R L ot -
@ Kenmiz_m = =
— Show All Features
- Styles ' . .
Kenia_m: ty
. Kenmia bd Add Layer Motes...
- ° ° ° ° ° ?
B kenia_bq  properties.. Which information of the attribute table do you want do dlsplay.
v World population

- Right mouse-button

[} BoOKU
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* Properties for displaying layers: Categorized

Q Layer Properties - World_population — Symbology

|l.-Ih
e,

q Information

& symbology
€€ Labels
EEB Masks
ﬁ 3D View

' -
Diagrams

E Fields
E Attributes Form

Joins

ﬂ Auxiliary Storage
{;‘.-G Actions

- Display
4

qﬁ. Rendering

a' Temporal

Variables

X

E Categorized

-

I¢! 1. Refer to a column of the attribute
Symbal | | |
Color ramp Random colors - table
Symbol ™ Value Legend
v = 1 1
v 2 2 . .
1 I - Must contain categories!
v [ 5 5 |
v [ ] & &
v/ [] 7 7
AN
v [ all othe...
_ 2. Classify

Classify Ep | | = Delete Al Advanced -
¥ Layer Rendering
Opacity 1] 100,0 % -
Blending mode L:l::nal - F;::];r:l -

Control feature rendering order

QK Cancel | Apply | Help
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Displaying data

* Properties for displaying layers: Graduated

Q Layer Properis - Word_popuation — Symbology x
, = — — 1 1. Refer to a column of the attribute
3 sarc b . table
- :f:r":;m“ == v 2> ysed to represent quantitative data
— where a range of values is classified
VL] oo Bt Into different groups, and each group
(B e is assigned a unique symbol!

2. Choose Mode how to classify the
Classify B | | = Delete Al Advanced t data

v Link cass boundaries 3 ° C la S s ify

w Layer Rendering

Mode | &iEEqual Count (Quantie) ~ Classes | § =

— /| 100,0 % -
Layer Feature
Blending mode Normal * || Mormal ¥
Craw effects k
- Style - | 0K | Cancel Apply Help
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Saving the project

| @ *Untitled Project — QGIS [default] — O *
|Prnject Edj g Layer Settings Plugins Vector Raster Mesh  Processing  Help

NHERRY BQV.ZRBB (2SR P  BetNOR HN-8-6-O-
: V4 '

Browser =) 3
LSTHO
| (&) Choose a QGIS project file >

. Favorites |
b IV spatial Bookmarks |
L I_g"l Home ) _

| o ; ~ « (315 ... * GIS da.. ) G315 _data_practical durchsuc... |
k[ e (Windows ) ‘TL — — » . _ _p pe) |
v [0 D)
R ATy
@ GeoPackage 0
/£ Spatialite

i
1

Organisieren » Meuer Ordner

5 e Windows ) MName

b ' PostgreS0L E::;_-_’
I SAP HANA .
T s sqL Server - : ‘ > owem Ok (D0) | Es wurden keine Suchergebnisse

@ ocrade

@ Cloud 5w 17 (G2)
b &) ArciGIS REST Servers
b 55 QFieldCloud T
[ STAC

WMS MWMTS "

% Scen::; : » ﬁ Metzwerk
i) SensorThings '
¥ E Vector Tiles -

Layers B Dateiname: PijEft_1"3|91 V| 9 Enter Name

v @l e V&~ @0 . Dateityp: QGIS Project Formats (*.qgz *.QGZ *.qgs *.0GS) e

Q@ Kenia major towns

gefunden.

oo 17 (32)

L
-

BHIDOSSNPRBNS

Kenia_major_roads

. Kenia_health_polygon
. Kenia_boundaries
™ world ulation

A Ordner ausblenden Speichern Abbrechen
v [ ] 0-23548781 9 Save
v I:‘ 23548781 - 71668011 ke
v I:‘ 71668011 - 173562364
v . 173562364 - 340110933
v . 340110985 - 1450935791

- -

QL Type to locate (Ctrl+) Toggles the editing state of the current layer Coordinate | -17,8% -149,3% %r Scale | 135442336~ EH Magnifier | 100% | Rotation |0,0% = ¥ Render \‘_&EPSG:‘#SZE Q
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Data management
* How to store geographic data in QGIS
QGIS supports a variety of different data formats that are used to store
geospatial data.

* Geodatabase

To store geospatial data in QGIS you can use spatial (open source) databases — My_database.gpkg

like Spatialite or GeoPackage, which can be created directly in QGIS. .~ Landcover

\/" Roadnetwork

 Shape file

Simple, older format. It is used to store point, line and polygon geometries L AU AR e boUntaries prancEsCRe

| AUT_Administrative_boundaries_provinces.dbf

and the corresponding attribute information. This format can be read, created AT A iictrative bourdiaties prosheasri
and edited by QGIS. The shape file consists of several individual files (e.g.: .dbf, [ aut_administrative_boundaries_provincesshp
Shp shx prJ be) on the hard drive | AUT_Administrative_boundaries_provinces.shx
: , .shx, .prj, . ,
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Definition of new layers
 Create a new Shape-File v
* Manage Layer Toolbar or Layer - Create Layer - New Shapefile Layer. £3

v:;'o ,0%@’0'@'@@3'\/;'

( New Shapefile Layer X TaCoordinate Reference System Selector ) X |

e = | e *I 1. Name and location

= . | ST e 2. Geometry type: point, line or

Additional dimensions ® None Z (+ M values) M values

Pro CRS: EPSG:32633 - WGS 84 / UTM zone 33N w I?E ” pOlygon
e ; 3. Choose coordinate reference

- : S;““““;fmm — i system (!)
Length 10 Freasen 0. himnbiensonr X i .

) Add to Fields List WGS 84 / UTM zone 33N EPSG:32633 4. Add COlumnS (,’flelds“) to the
— } attribute table = information

T i R — S to be collected with the

- -
wKT S L g Zos .
PROVCRS{*WGS 84 / UIN zone 33N®, = A 4
BASEGECGCRS ["RGS 24, Y O jec s
DATUM["¥orld Geodet 13 o i
."‘-’,;
ELLIFSOID{"WGS 84", 2 - 7 o
$08.2572235¢3, > N S M e
LENGTHUNIT["metze®, 2111, 1<
i
FRIMEM["Greenwich®, 0, X wh
ANGLEUNIT [*degree”, v SUPNSTA A\ N
oK Cancel Help ||

oK Cancel Help
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Definition of new layers

* Create a new GeoPackage-Database

 Manage Layer Toolbar or Layer - Create Layer - New GeoPackage Layer. ¥e

Vol % AR - R-&GB- Vo

Q Mew GeoPackage Layer

Adding layers to existing database:

(Q New GeoPackage Layer
Database urkana\GIS_lecture\GIS_data_practical\Data_acquisition{Turkana_data.gpkg &
Table name Paint . . Database irkana‘\GIs_lecture\GIs_data_practical\Data_acquisition{Turkana_data.apkg &
1. Specify location/create database
Indude Z dimension Incude M values Geometry type | /" LineString
Project CRS: EPSG:32636 - WGS 84 / UTM zone 36N - & @ 2 ° N a m e SLUERITERTT R
New Field Praject CRS: EPSG: 32636 - WGS 84/ UTM zone 36N ar i
° °
3. Geometry type: point, line or el
Mame
. ytype: p ’
Type abc Text (string) - Mame
Maximum length p O lygo n (2} Mew GeoPackage Layer x
Add to Fields List The File already exists, Do you want to rite the existing file with a new database

e 4. Choose coordinate reference Dl e o] e |

Mame Type Length dh ——

Attribut_1 integer '

Attribut_2 eal v Sys e m ° Name Type Length
Attribut_3 text 7 Attibute_1 integer

Photo text - <

Date date

5. Add columns (,,fields*) to the
attribute table = information to
be collected with the objects

p Advanced Options

0K Cancel Help p Advanced Options

CK Cancel Help

[] BOKU AfricaUniNet - Project 147 - Women LLL Education and Empowerment in Kenya (WEEK) 49



. = USAGF-NG RN Co-funded by
. I e g AL the European Union
Next Genera tion

Coordinate reference system (CRS)

Challenges in GIS

= Positioning of geodata for analysis and visualization
- e = Measuring distances

" Measuring area GIS Google Earth

Measure Lineal |
|N.£|+|E~r|x*r Lie ~ Pfad |

Strecke zwischen mehreren Punkten am Boden messen

83 881 km?

Line measurement (Planar)
segment: 5,936849 Meters Lange: 1.176,39 |Meter |
Length: 1.780,383366 Meters

52 479 km?

[ Mausnavigation Speichern | Léschen |
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The Shape of the Earth

EUROPE

The Dream The Ideal The Reality

“The Earth is a disc” “The Earth is a sphere” The surtace of the Earth cannot be
described neither physically nor

mathematically
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How to derive a 2D map?

https://www.esri.com/arcgis-blog/products/arcgis-pro/mapping/gcs_vs_pcs/
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Workflow to the 2D map

)

€

Real earth figure Mathematical- Map
geometric Coordinates in a specific

reference system coordinate system
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Mathematical representation of Earth

Geoid
Reference-Ellipsoid

-
’—
—‘
-

f

Ellipsoid

} \
\
1
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Map projections

/

A

/ \
\ f o\ [\ Fi

o

ANV A YA
]
\/

/AN ANYA

L W S W S

NS NS N/

a. Cylindrical

/
]

b.Conical

c.Planar

Map Projection Families

https://docs.qgis.org

[] BOKU AfricaUniNet — Project 147 - Women LLL Education and Empowerment in Kenya (WEEK) 56



|| USAG E'NG * * %
* *
I I Up-skilling * *
Agricultural Engineering bt Lt

Next Generation

Co-funded by
the European Union

Characterisation of map projections

e Distortions

Map projections can be classified based on which properties they maintain. Since it's impossible to

preserve all geometric properties when projecting the Earth’s surface onto a plane, projections
typically optimize one or more of the following properties:

* Conformal projections

 Equal-area (equivalent) projections

 Equidistant projections

[] BOKU AfricaUniNet - Project 147 - Women LLL Education and Empowerment in Kenya (WEEK) 57



’ m USAGE-NG Co-funded by
IJ st Engnerin *** the European Union

Next General Luon

Characterisation of map projections

= Conformal Projections:

150 1355 S0 A5 0= 45°E aFE 135°E 1807

* What is preserved: Angles (Shape)

= Distortion: Area and distance are distorted.

= Example: Mercator Projection (used in navigation
because it preserves bearings). "

= Application: Ideal for applications like navigation or
aeronautical charts where maintaining angular
relatlonshlps IS crltlcal

45°5-1*

Gerhard Mercator Basel copy of the 1569 world map photographed by Wilhelm Krucken.

https://commons.wikimedia.org/wiki/File:Mercator_1569_world_map_composite.jpg
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Characterisation of map projections

= Equal-Area (Equivalent) Projections:

[} BoOKU

What is preserved: Area is accurately represented
across the map.

Distortion: Shape, especially near the poles or at the
edges of the map, is distorted.

Example: Albers Equal-Area Conic Projection,
Mollweide Projection.

Application: Used when the accurate comparison of
areas (e.g., population distribution, land use) is needed.

» USAGE-NG

L
WW 1w ¢ WFE IPE 30 40 SOFE G0
0 — L-40°
=
e — M =a
09 — ? [ o
R -
ten—— N 1+ 10en
7 : :—; A)’%\Tj T
L s O [
#° |
s | - 0 s
RERis PN
ws—F—+ - 1 1 T b 205
| p) ‘ 1B
305 —t 1 4“ T —-30°5
“y ' —0 T | 0
W Ew 0 \E 2°E IFE W SO 60°F
Albers Equal Area Conic
mﬂuf{/’r
..-:a' _‘ -
[
.1=-!-l__\ |.
e
N
*\._x
Mollweide
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Characterisation of map projections

= Equidistant projections:

i 10 I:r 10°E

SN |

30N

» What is preserved: Distances are preserved along

certain lines (often along a central meridian or from a 2o
central point). | ~ %JE;M’;\

107

—10°N

= Distortion: Areas and shapes may be distorted.

1

I:F“:- i
= Example: Azimuthal Equidistant Projection. sl - . % ::
b

= Application: useful for applications like seismic 2005

2075

S A
stk

mapping, or radio wave propagation, where maintaining

. 3075

distance accuracy from a point is important.

Equidistant Conic
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Characterisation of map projections

* Example for distortions

World Mercator World Mollweide
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Characterisation of map projections

NETHERLANDS

R

World Mercator projection with country going to true size

4 -~ - &
‘ ’ 4 f
FRANCE y

United States
(contiguous)

e,

EASTERN §

/ ,  EUROPE
UNITED STATES i
i
i &

CCCCC
FFFFF

@neilrkaye

https://www.visualcapitalist.com/map-true-size-of-africa/ China

P~
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Universal Transverse Mercator - UTM

The Universal Transverse Mercator (UTM) system is a global map
projection that divides the Earth into a series of 60 zones, each 6
degrees of longitude wide.

In many cases itis based on the WGS84 datum.

The core of UTM is the transverse Mercator projection, a modified
version of the original Mercator projection. It's used to project a
cylindrical surface onto the Earth, with the cylinder touching a meridian

Instead of the equator. This helps to minimize distortions in areas away
from the equator.

Zones: Each zone has a unique central meridian and a specific scale
factor to ensure accuracy. This helps to manage the distortion that
occurs when projecting a spherical surface onto a flat map.

https://gisgeography.com/utm-universa l-transverse -mercator- projection/
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Universal Transverse Mercator - UTM
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-

=

B T - = ~ E F 9 O @3 =45 =

m

m

]

T Zone 19
—= [ Zone 18Q (latitude band)

Zone 39N (northern hemisphere) | |
[ Zone 39S (southern hemisphere) [

x
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https://de.mathworks.com/help/map/create-utm-maps.html
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EPSG Codes

EPSG provides a universal coding system for identifying coordinate
reference systems and transformations.

Each EPSG code uniquely identifies a CRS or a coordinate
transformation. When users enter an EPSG code into a GIS platform,
the system uses the parameters associated with that code (ellipsoid,
datum, projection, etc.) to correctly interpret or transform the
geospatial data.

* Forexample:

* EPSG:4326 (WGS 84, latitude/longitude) is commonly used for global
datasets, such as satellite imagery or GPS coordinates.

* EPSG:3857 (Web Mercator projection) is used in web mapping platforms
like Google Maps, Bing Maps, and OpenStreetMap.
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The most common and official projection is a version of the Universal Transverse Mercator (UTM) projection.
UTM Zones: Kenya spans two main UTM zones in both the northern and southern hemispheres:

 Zone 36N (for the northern part of the country): EPSG: 32636
 Zone 37N (for the northern part of the country, east of 36°E): EPSG: 32637

 Zone 36S (for the southern part of the country): EPSG: 32736

 Zone 37S (for the southern part of the country, east of 36°E): EPSG: 32737

e Datums:

* Arc 1960: This is the old r,' tonal datum used for official government
mapping by the Sur »’ enya. Itis based on the Clarke 1880 (modified)
ellipsoid. You will often see coordinate reference systems (CRS) like Arc 1960/

NHEPSG: 21097) or Arc 1960 / UTM zone 37S (EPSG: 21037).

UTM zon

* WGS 84: This is the global standard for modern mapping and GPS systems. It i

the most common datum for data exchange and is widely used in modern GIS
applications.

[} BoOKU
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Map projections in QGIS

: Lt Coordinate Reference System Selector
Predefined CRS v
Definition of new layer Filter
Recently Used Coordinate Reference Systems
(2 New Shapefile Layer - % | Coordinate Reference System Authority ID w
| EPSiG:4326 - WGS 34 EP5G:4326
File name D:'Projekte \WEEK,_Kenia_Turkana'GIS_lecture'Mew_File.shp EPSG: 32636 - WES 84 I|Il LITM zone 3a6M EFP5G: 326030
S e - EPSG:32633 - WGES 84 / UTM zone 33N EP5G: 32633
? | EPS5G:3857 - WGS 84 / Pseudo-Mercator EPSG:3857
Geometry type Point v | | EP5G:4008 - Unknown datum based upon the Clarke 1866 ellipsoid EPSG: 4008
(T — o N R - i EP5G:31287 - MGI [ Austria Lambert EP5G: 31287 -
| Iaonal aimensions one |:+ ".I'EILIES:l vallues | | EOCr AT - Adimd=mm CoC . AT 4
EFSGifade -GS 84 Predefined Coordinate Reference Systems Hide deprecated CRSs
New Field
Coordinate Reference System Authority ID
Mame |
L Compound
Type abe Text (string) v k .Eﬂgmeermg
| § v Geocentric
Length |80 Precision b ,-_-&_ = lebic
. Add to Fields Lis » ‘ﬁ" Geographic (2D)
. v 0 Geographic (3D)
| Fields List 4 Projected
» User-defined
Mame Type Length Precision
id Integer 10
| b
WGS 84 = {“'%1"-_‘? ?%
Ok
Properties '”‘F
Remove Field j * Geographic (uses latitude and longitude for * — E
Ok, Cancel Help OK Cancel HE'F‘

[} BoOKU
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QGIS: Coordinate Reference System (CRS)

The coordinate reference systems in QGIS are based on EPSG codes from the

European Petroleum Survey Group and the Institut Geographic National de France
(IGNF).

Predefined Coordinate Reference Systems

Coordinate Reference System

= Geographic Coordinate Systems » @ Geographic Coordinate Systems

» Ellipsoids: Arc 1960, WGS84, ETRS89 - geodetic datum " Projected Coordinate Systems
» @ User Defined Coordinate Systems

" Projected Coordinate Systems |
= UTM, ... e

ou can define your own custom Coordinate Reference System (CRS) here.
The definition must conform to @ WKT or Proj string format for specifying a
RS.

(] @ 2

= User Defined Coordinate System e
* Erzeugte +proj=lcc +lat_1=46 +lat_2=49 +lat_... -

* Erzeugte +proj=lcc +lat_1=46 +lat_2=49 +lat_...

4 4 . €¢ * Erzeugte +proj=longlat +ellps=andrae +no_defs

| S e e S ett I n gS — C u Sto I I l p rOJ e Ct I O n S * Erzeugte +proj=longlat +ellps=APL4.9 +no_defs

) eee * Erzeugte +proj=longlat +ellps=CPM +no_defs
* Erzeugte +proj=longlat +ellps=delmbr +no_d...
G I S h d b k * Erzeugte +proj=longlat +ellps=engelis +no_defs _

= QGIS user handboo s s s i

—> saved in a user-database
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Map projections in QGIS

* Opening a new project —
Default CRS: EPSG:4326 (WGS84) Y Render |@epsciaazs| @

* Load the first layer:
e.g.: Points_Turkana (Shape-file) /| Render ‘@'EPSG:BEEE‘ @

New CRS: EPSG: 20137 Loading additional layers with a different CRS:
- CRS of additional layers must be defined correctly
- Automatic transformation (,,projection-on-the-fly*)

e Same geodetic datum: automatic transformation

 Different geodetic datum: Query for transformation (right mouse button —
properties)
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Map projections in QGIS

* Change CRS of a layer: reproject

Layers Save Features As
. Im @ "f' E” - Styles Save Selected Features As...
v @ Kenia health Add Layer Notes. .. Save as Layer Definition File...
v Turka_na_hea;l: Properties... Save as QGIS Layer Style File...

. & Kenia_health points

Q s vector e * => Export: Save feature as

Format ESRI Shapefile -
File name  |Mew_name |
Layer name

CRS Project CRS: EPSG:32636 - WGS 84 / UTM zone 360 b —-E 9 Select new projection
for the layer

Encoding UTF-8 -
Save only selected features

w Select fields to export and their export options

Mame Export name Type =
v | name name String
¥ name_en |name_en String
v amenity amenity String
¥ | building building String
| healthcare  healthcare String
¥ | healthca_1 | healthca_1 String

Select All Deselect All

Use aliases for exported name

v Persist layer metadata
w Geometrv b

v | Add saved file to map Ok, Cancel Help

m USAGE-NG
Iﬂ Up-skilling

Agricultural Engineering
Next Generation

\Tais @ Raster Mesh Processing Help

Indicatri 3 o =
e——— Ne s e Rpp

Analysis Tools k
Geoprocessing Tools vl
Geometry Tools b
Research Tools k

Create Spatial Index...
Join Attributes by Location...

Merge Vector Layers...

Split Vector Layer...

(5} Vector General - Reproject Layer X

Parameters Log

Input layer
" Kenia_health_paints [EPSG:4325] - @:@ “% v
Selected features only
Target CRS
Project CRS: EPSG:32636 - WGS 34 / UTM zone 36N - —l_-t‘

Convert curved geometries to straight segments [optional]
w Advanced Parameters

Coordinate operation [optional]
Transformation Accuracy (meters) Area of Use

i} UTM zone 36N — EPSG:16036 Between 30°E and 36°E, northern hemisphere between equator and

L *

UTM zone 36N
Scope: Engineering survey, topographic mapping.

Area of use: Between 30°E and 356°E, northern hemisphere between equator
and 84N, onshore and offshore.

Identifiers: EPSG: 16036

tproj=pipeline +step tproj=unitconvert +xy_ in=deg
+xy cut=rad +step +proj=utm +zone=3c +ellps=W:ES524

Show superseded transforms

Reprojected

|New layer a |

v Open output file after running algorithm

| 0% Cancel

Advanced ~ | |Run as Batch Process... Run | Close Help
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EXERCISE

* Create three Shape-Files: Point, Line, Polygon within Turkana region:
* CRS: UTM, Zone 36N (EPGS: 32636) e yme— -
. Attributes (Fields):

File encoding UTF-8 -
. . Geometry type =

° Att Il b ut 1 . TeXt (St Fin 8) e ———— s None Z (+M values) M values
| EPSG:4326 - WGES 84 - & .

* Attribut 2: Integer (32 bit) | Mew Fied

Marme
. . | - : -
e Attribut 3: Decimal (Double) e | s Text g
Length |80 Predision
I
. Fields List
MName Type Length Predision
id Inteqge 10
Cancel Help
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Day 1: Data acquisition

Create new data: point, line, polygon
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Basemaps

e XYZ-Tiles

| B
[N
/\\\ 256 x 256 px
2
/ J \

N\ 512 % 512 p
&o«n- 3

Degrees Meters Pixels Tiles
Geodetic coordinates Projected coordinates Screen coordinates Tile coordinates
WGS84 (EPSG:4326) Spherical Mercator XY pixels at zoom Tile Map Service (ZXY)

(EPSG:3857)
Longitude and latitude Coordinates of a tile in the
coordinates used by GPS devices
for defining position on Earth

using World Geodetic System

Zoom-specific pixel coordinates
for each level of the pyramid. Top
level (zoom=0) has usually
256x256 pixels, next level
512x512, etc.

Global projected coordinates in
meters for entire planet. Used for
raster tile generation in GIS and
WM(T)S services.

pyramid. There is one tile on the
top of the pyramid, than 4 tiles,
16 tiles, etc. All tiles have the

[} BoOKU

defined in 1984 (WGS84).

HINT: WGS584 geodetic datum
specify lon/lat (lambda/phi)
coordinates on defined ellipsoid
shape with defined origin ([0,0]
on a prime meridian).

HINT: Simpler spherical
calculation are used instead of
ellipsoidal. Mercator map
projection deforms size
(Greenland vs Africa) and never
shows poles.

Devices calculate pixel
coordinates at defined zoom
level and determine visible
viewport for area which should
be loaded from servers.

same size, usually 256x256 pixels.

Only the relevant tiles loaded
and displayed for the area of
interest / viewport.
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Add XYZ-Tiles

e Browser Panel

() XYZ Connection X

- o Connection Details
rowser
LESY®O Name Google Satellite
Favoriten
> [&] Home URL https://mt1.google.com/vt/lyrs=s@x={&y={y}&z={z}| \I
> 1l €\
> [ DA
= (Es\\ Configurations  Basic
> (O m\ Choose or create an authentication configuration
> [ N :
> 0IsA ‘No authentication —| &
> O wa : | L=
%—; £y Configurations store encrypted credentials in the QGIS authentication
» GeoPackage database.
/ Spatialite
@ rostGis
P MssaL
@ Oracle
gDBZ | Min. Zoom Level |0
> €8 WMS/WMTS

OpenStreetMap: pre-installed i o e
=" OpenStreetM I I
S Adding new XYZ Tiles G
@ wrs - Right-click on XYZ Tiles
> ) OWS
&Y ArcGisMapServer
& ArcGisFeatureServer .
3% GeoNode 0K Cancel

Authentication

O

4
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Add XYZ-Tiles

* Integration of various (globally available) base maps
via XYZ tiles:

*OpenStreetMap: https://wiki.openstreetmap.org/wiki/Tile_servers
http://tile.openstreetmap.org/{z}/{x}/{y}.png

*Google Hybrid
https://mt1.google.com/vt/lyrs=y&x={x}&y={y}&z={z}

*Google Satellite
https://mt1.google.com/vt/lyrs=s&x={x}&y={y}&z={z}

*Google Road
https://mtl1.google.com/vt/lyrs=m&x={x}&y={y}&z={z}

*Bing Aerial

http://ecn.t3.tiles.virtualearth.net/tiles/a{q}.jpeg?g=1
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Add XYZ-Tiles

« Example: OpenStreetMap and Google Satellite:
. CRS WGS 84/Pseudo Mercator (EPSG: 3857) 2> Web Mercator AUX|l|ary Sphere
F

mtdn/e
' Res erve

Sibifoi Nationol
Park |

|

Lake .TU{kanc:

|

]
J
]

Matheéniko
wildiife
'\\R('&'-('I we

i

Turkona

Morolo
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Loading data and toolbars

* Load data to edit (point, line, polygon layers)
* Load background maps (Google,

OpenStreetMap

* Load toolbars for editing data: Digitzing
Toolbar, Advanced digitizing Toolbar

[} BoOKU

View - Toolbars

Toolbars W

Toggle Full Screen Mode
Toggle Panel Yisibility

Toggle Map Only
 IFeaiong

OpenStreetMap
¥ Google Satellite

AfricaUniNet — Project 147 —Women LLL Education and Empowerment in Kenya (WEEK)

F11
Ctrl+Tab
Ctrl+5hift+Tab

» USAGE-NG

Co-funded by
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Advanced Digitizing Toolbar I

v

Annotations Toolbar
Attributes Toolbar
Data Source Manager Toolbar

Database Toolbar

| v

Digitizing Toolbar I

v

Help Toolbar

Label Toolbar

Manage Layers Toolbar
Map Mavigation Toolbar
Mesh Digitizing Toolbar
Plugins Toolbar

Project Toolbar

Raster Toolbar
Selection Toolbar
Shape Digitizing Toolbar
Snapping Toolbar
Vector Toolbar

Web Toolbar

GPS Toolbar

GRASS

QFieldSync Toolbar

tiss
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Next Generation

Editing data
P« 5 m =2 = I}..:Lr::
* Tools §./ B X~ W € E > €
* Recent changes: this pull-down menu can be used to save changes, discard objects,
etc.

* Toggle editing status: Turn editing mode on and off.

* Save layer changes: when objects are drawn, they are first stored in the cache and
only when they are saved, the changes are saved to the hard disk in the Shape file or
GeoPackage-layer.

* Digitize with segment, digitize with curves, ...

 Add Object: this allows you to draw new objects by setting vertices (see below). The
button looks different for points or polygons.

* Anewlydrawn object is terminated by clicking the right mouse button
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Editing data

g- - [_‘\ﬂ __?E’,‘ - ’fu’f I-ﬂﬂ]jl =% B @

* Vertex tool: Lines are made up of nodes (vertices) and edges. The nodes can
be edited with this tool. If you click on the line, the nodes become visible.
Right-clicking on an edge inserts a new node, which can then be moved. In
addition to moving selected nodes (blue), they can also be deleted with the
Delete key. The selection is made by clicking on the node or by selecting a
node via the Vertex Editing window.

e Tools

» Change attributes, delete, cut, copy —
* Undo, Redo
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Start editing
1. Select the layer you want to edit: click on Cl
: : « B ® TV &-# MO

the layer name with the left mouse button in — —

the layer window. For example: point T ——
2. Start editing mode: Activate the pen in the - [ g | ] showrestre ot

Digitizing toolbar. Or right-click on the name

in the Layer panel and select “Toggle o

Editing” . After that, the other tools are L Remove Layer..

(partially) activated. N

Filter...
ﬁ : ,:}{:":3' EE_* - Change Data Source...
v ow | W oA Set Layer Scale Visibility ..
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Editing point, line or polygons

4., 1.
v/ ‘sl -

o
v
20
=)
(o

(9
[
O

&B@o‘@:}%o\’go‘oﬁ ¥ l:] '1

BERRY BQV.ZREB 0222 8PP R/ BatNOR H-8-6-0-

vl | ¥

(E]E3] L§

. E Data_acquisition ! |
v [5 Turkana_data.gpkg !‘;
» /7 Line | 3 O K
4 Point %‘ [ ]
» L polygon
P

/%) Kenia_health_points.shp
/71 Kenia_health_polygon.shp rurkana :
1 Kenia_major_roads.shp Univer Slfy Attribut_1 NULL |%

fid EAutogenerate a|v

m USAGE-NG
I I Up-skilling
Agricultural Eng ineering
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1. Select,,Add Point Feature*
TTEE T NEE LTI T LT > - 2. Click on a pointin the map
A 2. ‘ 3. Fill out the Feature

3% Attributes and confirm with

|
» () Data_acquisition (2 Point - Feature Attributes O X ®
4. S dits!
/<) Kenia_boundaries.shp a ve e I t S ®
|

) Kenia_major_towns.shp Colleae . ;
» (2 Project_1 ® g Attribut_2 |NULL

£

[ %?;

v @l o TV &-F DL NULL ‘

v/ © Point oK Cancel
v Line

~ V| ™ OpenStreetMap

B Wt o = ; Qnly when features are saved,
r_ o = 2. = - the changes are saved to the
hard disk in the Shape file or
2 B Pooon H . | GeoPackage-layer!

|

v ¥ Google satellite

% 5. At the end: stop editing | /

Q Type to locate (Ctrl+K) Coordinate | 791493 339296 % Scale | 1:6798 x B Maanifier ;OQ‘Va A: Rotation Q,Q" »3 v Render @EPSG:SZGSG Q

i
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Editing point, line or polygons

5 . 1. Select ,,Add Line Feature*

R 2. Set vertices with left

* Line AV E!_ N E 6 mouse button

i - " * 3. Finish feature (line) with
NEERRY BQV.AKER 02229 0PP QL BabtlIOR K-8 -6 G- .

YR - R IIETEET Y PN FL. , right mouse button

V qRend. - g 4. Fill out the Feature

B b 1 Attributes and confirm with

b E Data_acquisition

= z
v & T_urkana_data.gpkg ;J
» /7 Line %: 4 O K
» , ®
|
|

i ko

Point
» 9 polygon

5 , - - °
g i B |l Feoture b - x5, Save edits!
/73 Kenia_boundaries.shp il [ [
1
|

/- Kenia_health_points.shp | |
') Kenia_health_polygon.shp Turkana { 1 e Autogenera e ajv

:) Kenia_major_roads.shp Univer Sff'y [ Attibute_1 | 1z @ |3
7/ Kenia_major_towns.shp Col /eg e ||
» (& Project_1 |

e \ 1 | Qnly when features are saved,
* | v [&] Home i

FI o ol the changes are saved to the
et ° | ) hard disk in the Shape file or

v ' Line |

¢ B Polvgon i GeoPackage-layer!

v V| = OpenStreetMap 2 / / |
v ¥ Google satellite [} [ J (1

g@g:‘@@o"ga\o\’

% 6. At the end: stop editing |

2, Type to locate (Ctrl+K) Coordinate | 791038 338996 | Scale|1:6798 |~ | @ Magnifier| 100% |+| Rotation 0,0° |+| V/Render #EPsG:32636 @
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Editing point, line or polygons

* Polygon LAV

5.

1.
B e IES

Q *Data_acquisition — QGIS [default]

Project Edit View Layer Settings Plugins Vector Raster Mesh Processing Help

Oy

ERRY BQV.AZREB 0P 2RPP Q. s

' AV AR e B

Va
e
EA

B508 88N

Darad,

Favorites
» [® Spatial Bookmarks
~ [% Project Home
Yy E Data_acquisition
v [£) Turkana_data.apkg

» /' Line
Point
» 9 Polygon

4 Q Data_acquisition
/-1 Kenia_boundaries.shp
/- Kenia_health_points.shp
/7 Kenia_health_polygon.shp
/) Kenia_major_roads.shp
) Kenia_major_towns.shp

r @ Project_1
/- World_population.shp

« | » [&] Home

Layers

¥ @l © TV &~ & O
v @ Point
v Line
v Polygon

~ V| " OpenStreetMap
¥ Google satellite

o locate (Ctrl+K)

@®

-

@x®

DNR-BRREORBRRRAKPS ¥

Turkana
University
College

- O X w
— L~ == —— |
MO HN-8-6 &- |
§.
1
O *
& | v
1000 € 2|
oK Cancel

Coordinate | 791180 339832 % Scale | 1:6798 V.

& Magnifier | 100%
@ Mag

13 Rotation | 0,0°

3| VI Render “®EPsG:32636 @

[} BoOKU
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1. Select ,,Add Polygon
Feature*

2. Setvertices with left
mouse button

3. Finish feature (polygon)
with right mouse button

4. Fill out the Feature

Attributes and confirm with
OK

5. Save edits! B.

Qnly when features are saved,
the changes are saved to the
hard disk in the Shape file or
GeoPackage-layer!

6. Atthe end: stop editing | J/
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