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PREFACE

This study guide provides an overview of the Master's programme Geo-information Science and Earth
Observation and the study units of the programme for this academic year. In this study guide, you find an
overview of the learning outcomes and the structure of the programme as well as an overview of the
various roles within the programme.

Each study unit of the study programme is described in terms of its study load, learning outcomes,
contents, teaching and learning approach, test plan and entry requirements.

Through this study guide, we hope to provide you insight in what you can expect from the education we
offer. The programme manager can be contacted for further general information about the programme.
For further information about a specific study unit, the coordinator of that study unit can be contacted.

Success with your studies!
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INTRODUCTION

INTRODUCTION

WELCOME TO THE MASTER’S PROGRAMME GEO-
INFORMATION SCIENCE AND EARTH OBSERVATION

The Master's Programme Geo-Information Science and Earth Observation (M-GEO) is a two-year academic curriculum at MSc level,
taught fully in English, dedicated to understanding the earth’s systems from a geographic and spatial perspective. The field of Geo-
information Science and Earth Observation has, in recent years, witnessed fast scientific and technological developments. As a result,
geographic information has become a vital asset to society and part of our daily life. The ubiquitous production and availability of
spatial data require cloud computing and new technology to turn the increasing volume of ‘big data’ to good use.

The growing range of global challenges, from climate change and resource depletion to environmental pollution and pandemic
diseases, that our society and in particular the more vulnerable populations on our planet are facing, increases the demand for
academic professionals who have the ability, attitudes and skills to design solutions that are sustainable, transdisciplinary and
innovative with positive societal impacts. Our education focuses on addressing these global problems by means of advanced geo-
information and earth observation applications.

It's an international programme

Throughout our programme, it is our ambition that students become increasingly able to critically evaluate the use of geo-information
and create new insights for analysing, modelling and visualising the spatial and temporal dimensions of contemporary and imminent
problems facing our society. Examples include designing sustainable management solutions for water and natural resources;
assessing ecosystem services for agricultural, industrial and urban use; identifying and responding to natural hazards in drafting
development strategies; and characterising settlement dynamics and urban demand. It is our ambition that this transformation and
integration of knowledge is carried out in a multicultural and international environment, through group work, discussion groups and
individual assignments. Internationalisation is an important aspect of the students’ learning experience: throughout the programme, they
are stimulated to imagine new ways to solve problems and create value beyond subjective opinions, conflicts, language, and cultural
differences.

M-GEQ is, therefore, an international programme, which has been awarded “Top Programme” (Keuzegids Masters) six times and is
one of the very few Dutch academic Master's programmes to have earned the ECA special feature for internationalization in
education. Furthermore, ITC is one of the worlds top-ranking research institutes in the field of Earth Observation, allowing the
programme to build on the input of high-class research.

The programme is not only international in its education, but its faculty puts much effort into creating an inclusive academic and social
environment in which students feel comfortable, allowing them to grow to their full potential. We nurture an international community of
graduates, students and teachers who remain in life-long contact in an active global alumni network of over 20,000 Geo-professionals.
This global network allows us, as a faculty, to generate and exchange knowledge that inspires global developments. It empowers
students with the knowledge and skills to address challenges that are central to (inter)national communities.

Who are our students?

Students of the M-GEO Programme are young graduates and mid-career professionals with BSc-level education or above, who aspire
to perform in research that is mostly problem-driven, or who require academic knowledge and skills to enhance their professional
practice. The M-GEO programme enables them as graduates to address worldwide challenges in a local context, using the core
knowledge areas of Geo-Information Science and Earth Observation, and applying scientifically sound spatio-temporal analysis and
model development, while taking into account both environmental and socio-economic drivers of change. Our students choose to
develop these skills in an international classroom and are therefore also interested to also addressing global challenges beyond the
borders of the EU. The students joining the programme come to learn from science, practice and experience developed in Europe and
the Netherlands, but are particularly keen to learn about the application of new insights in other parts of the World, where the
challenges faced are often greater.

What's the content of the programme?

In today’s world, spatial information is everywhere, providing ever more detailed impressions of reality. M-GEO uses spatial information
as the key to solving complex issues that may involve, for example:

¢ helping to achieve food security by advancing the livelihoods of smallholder farmers in poor countries

¢ evaluating and planning health infrastructure, risk mapping and analysis as well as responding to disease outbreaks and
epidemics

¢ making land rights mapping faster, cheaper, easier, and more responsible

¢ helping emerging economies by improving water safety and security

¢ using UAVs for assessing disaster resilience

¢ promoting energy transition through exploration of geothermal energy sources and multi-stakeholder planning of renewable
energy sources

¢ designing frameworks for big data and cloud computing use in spatial analysis

¢ helping to achieve sustainable social housing and inclusive urban communities

M-GEO graduates are provided with the knowledge and tools required for working with spatial information in any of these fields — and
more. To achieve this, the programme is accessible to a wide range of BSc education backgrounds. If students have a relevant
background to one of the following programme specializations, they can enter the programme:

M-GEO specializations:

¢ Applied Remote Sensing for Earth Sciences; for those who wish to explore for earth and geothermal resources to secure
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future demands for energy and minerals

¢ Geoinformatics; for those who wish to develop technologies required for analysing, distributing and visualizing geospatial data.

¢ Geo-information Management for Land Administration; for those who wish to use cadastral intelligence for designing and
applying responsible land administration solutions.

e Natural Hazards and Disaster Risk Reduction; for those who wish to predict and monitor multi-hazard risk and help increase
our resilience to disasters;

¢ Natural Resources Management; for those who wish to utilize geo-spatial data to help achieve more sustainable use of natural
resources;

¢ Urban Planning and Management; for those who wish to understand dynamic urban processes and create interventions to help
make cities competitive, compact, sustainable, inclusive and resilient;

o Water Resources and Environmental Management, for those who wish to use earth observation and geo-information
techniques to create safe and sustainable water management solutions;

How is the programme offered?

The programme structure is visualized in the interactive interface of this study guide. The first part of the programme is dedicated to
bringing the participants with their different BSc backgrounds together into a common understanding of the core knowledge of Geo-
information Science and Earth Observation. The remainder of the first year is then dedicated to courses in a chosen field of
specialization, supplemented with preparation for academic research.

The second year of the programme leaves ample freedom for students to make choices. The majority of the second year is devoted to
an individual MSc research project under the guidance of experienced research staff, which can be partly executed abroad. Students
can further complement their academic programme with a wide selection of elective courses. These courses are offered to allow
students to either specialize further or broaden their knowledge of M-GEO related subject areas. As part of the second-year elective
space, you can also choose to do an (international) internship. The programme furthermore includes common elements of
multidisciplinary work, in which the internationalisation of the programme is highlighted in a challenge-based environment.

Graduating with competencies demanded by the job market

M-GEQ is the ideal programme for someone who wishes to enhance their competency in dealing with global problems, such as climate
change, disaster resilience, global health and food security, from a geospatial perspective. Offering solutions from a geospatial
perspective, ensures that the cause-effect relations of a solution can be measured, modelled and quantified according to the full extent
of their geographical impact. Whether you like to offer in-depth knowledge or provide oversight with a ‘helicopter view’ to those
challenges, the M-GEO programme offers the opportunity to set your own direction. Through research and internship support, we offer
you the opportunity to build an international professional network. This is because M-GEO is an international programme with
participants from the entire world. The programme’s focus is on challenges faced by the majority of the world and not just those
affecting us in Europe. Joining M-GEO means you will study together with participants from at least 20 different nationalities, mostly
from outside Europe.

A graduate of M-GEOQ is capable of unravelling geospatial processes and developing (creating) small scale solutions for global
problems as an applied scientist or a geo-information consultant. M-GEO graduates have the competency to work at the nexus between
technical specialists and decision-makers. They are equipped to translate policy decisions into technical requirements and can, vice
versa, translate technical and scientific results into policy advice or scenarios.

Furthermore, graduates can communicate both orally and in writing on findings of research work to specialists and non-specialists.
They have learned to explain and contrast cultural and contextual differences that influence the collection, classification and
visualization of spatial information. Communication and internationalisation skills allow them to operate professionally and ethically in a
multi-cultural environment.
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TEACHING PERIOD

The two-year programme (120 EC), is built up out of 4 quartiles per year of each 10 weeks (15 EC). The programme starts around the
1st of September and the 4th quartile ends in July.

Period Time

1st period 08:45 - 10:30
Coffee/tea break

2nd period 10:45 - 12:30
Lunch break

3rd period 13:45-15:30
Coffee/tea break

4th period 15:45-17:30



PROGRAMME STRUCTURE

INTRODUCTION

This study guide offers you the opportunity to construct your own programme. Although there is a lot of flexibility in the programme,
there are a few boundary conditions. The programme offers common courses, specialization courses and elective courses. The
common courses are mandatory as you can see in the overview. These cannot be changed. You have to choose 4 specialization
courses. Usually, students choose a predefined track of 4 courses within one specialization, but it is possible to construct your own
specialization out of the available specialization courses. Approval of a free specialization has to receive approval from the programme
manager. In the first and second year, there are a number of electives you can choose from to complete your 120 EC programme.

Please explore the interactive study guide, and if you have questions you are welcome to contact the study adviser.

Common
= Thesis

Q1

Q2

Q3

Q4

Academic Skills

GIS & RS for Geospatial
Solutions

Geospatial data: concepts,
acquisition and management

Geospatial analysis and
interpretation

Q5

Academic Skills

Q6

Academic Skills

Global Challenges, Local
Action

Q7

Academic Skills

25EC/60
Q8

MSc Research Proposal and
Thesis Writing

MSc Research Proposal and
Thesis Writing

MSc Research Proposal and
Thesis Writing

MSc Research Proposal and
Thesis Writing

45EC /60
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INTRODUCTION

EVENTS, HOLIDAYS AND BREAKS

Events

Introduction week

Opening Academic Year UT
Dies Natalis UT

Research Themes Introduction
MSc topic market

Career Event

Holidays and Breaks
Winter break

Spring break

Good Friday

Easter Monday

King’'s Day

Liberation Day
Ascension break
Whit Monday
Summer break

25 August 2024 through 30 August 2024
Monday, 2 September 2024

21 December 2024 through 05 January 2025

15 February 2025 through 23 February 2025
Friday, 18 April 2025

Monday, 21 April 2025

Saturday, 26 April 2025

Monday, 5 May 2025

Thursday, 29 May 2025 and Friday 30 May 2025
Monday, 09 June 2025

12 July 2025 through 24 August 2025



ROLES WITHIN THE CURRICULUM

Examination Board
The Examination Board is the body that determines autonomously and objectively whether a student satisfies the conditions that the
Education and Examination Regulations set on the knowledge, understanding and skills needed to obtain an MSc degree or Certificate.

Examiner
The individual who has been appointed by the Examination Board to adminster exams and tests and determine their results.

Mentor
The faculty member who is the first point of contact for a student for academic guidance within a specialisation.

Programme Committee
The Programme Committee is composed of both teacher and student members. they monitor the quality of education and approve the
EER on specific topics and can offer advice on all matters related to education in the Master's programme.

Programme Director
The person appointed by the Dean to be the governing head of a Master’s programme as defined in the Law on Higher Education. The
Programme Director is responsible for the development and quality of the programme.

Programme Manager
The person who is responsible for the planning, organization, implementation of the Master's programme and its derived courses.

Study Unit Coordinator
Each study unit is coordinated by a scientific staff member. The Study Unit Coordinator is responsible for the organization and
execution of the entire study unit, and is first point of contact for staff and students when questions arise regarding the study unit.

Study Adviser
Faculty member appointed by the Dean of the Faculty to act as a contact between the student and the programme and in this role
represents the interests of the students, as well as fulfilling an advisory role.

Student Affairs Officers

ITC Student Affairs Officers provide ITC students with information, advice, and assistance on social, cultural, and medical issues.
Occasionally, a student may have a serious problem. Student Affairs Officers can help by listening and can advise and guide you on
where best to seek assistance. Everything you tell them is treated with strict confidentiality.

Supervisor
All Master's programme students will be assigned a Supervisor for the development of their MSc Research proposal and the execution
of their MSc Research.
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PROGRAMME LEARNING OUTCOMES

Programme learnin:
defined in the EER.

g outcomes of the Master’s Programme Geo-information Science and Earth Observation (MSc), as

At the successful completion of the Master’s programme, the student is able to:

Domain/academic
field

1.

Identify and explain principles, concepts, methods and techniques relevant for geo-information processing and
earth observation.

2. Analyse problems and cases from a (geo-)spatial perspective.

3. Use and design models to simulate (or: study) processes in the system earth with a spatial component.

4 Apply principles, concepts, methods and techniques in the context of system earth, the user and an application
’ domain to solve scientific and practical problems.

5. Independently design and carry out research in the domain according to scientific quality standards.

Scientific

6. Analyse issues in an academic manner and formulate judgments based on this.

7 Analyse scientific and practical domain problems in a systematic manner and develop scientifically valid solutions
’ for these problems in a societal context.

8. Communicate both orally and in writing on findings of research work to specialists and non-specialists.

o Explore the temporal and social context of geo-information science and technology and be able to integrate these

insights into scientific work.

Internationalization

10.

Explain and contrast cultural and contextual differences that influence the collection, classification and
visualization of spatial information.

1. Operate professionally and ethically in a multi-cultural environment.
General

12. Critically reflect on own and other's work.

13. Study in @ manner that is largely self-directed and autonomous.

These learning outcomes at programme level are worked out into specific learning outcomes at course level.
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COMMON

ACADEMIC SKILLS

Course 201800271

Period 02 September 2024 - 04 July 2025
EC 4

Course coordinator dr. C.A. Hecker (ITC)
INTRODUCTION

This course provides students with the foundational knowledge and skills required to undertake scientific research in their chosen
domain within Geo-information Science and Earth Observation. The course combines an understanding of important conceptual issues
in scientific research with skills for designing and executing an individual research project. A critical, scientific attitude and the ability
to reflect upon their own work and that of others will be developed.

CONTENT
¢ Handling scientific information
¢ Find relevant, reputable and up-to-date scientific literature to support your research
o Store, manage and use bibliographic data with a reference manager
» Responsible use of Al Bots in academic work
o Avoid plagiarism
o Critical reading
o Abstract and summarize information from scientific publications
o Evaluate the scientific quality of an article based on a set of criteria
¢ Open Science
o Introduction to Open Science
o Support reuse of research data with good Research Data Management and Data Management plans
¢ Scientific communication
» Design and produce graphic illustrations (maps, charts, diagrams, etc.) and tables to communicate scientific concepts,
data and information
o Prepare and deliver an oral presentation to communicate aspects of their research to an audience
o Write a well-structured and logically-argued justification for their research topic according to scientific writing principles
o Critical attitude
o Give and receive peer feedback in order to stimulate learning and elevate skill levels
o Critically reflect on suitable research topic and actively drive the development of a possible MSc research topic with
supervisor

TEACHING AND LEARNING APPROACH

Teaching and learning involves a mix of different types of activities, including plenary lectures, tutorials, peer-review sessions and self-
study. Active participation and critical reflection are stimulated.

TESTS

Students will be evaluated on the basis of one written assignment per quartile. The Assignments of Q1 and Q3 are on a Pass/Fail basis,
while assignment of Q2 (40%) and Q4 (60%) are combined for the final grade. The second test opportunities of all assignments are
repair opportunities. This entails that the repair of assignment Q2 and Q4 results in a maximum grade of 6.0

Note: Completing the Academic Skills course with a pass mark is a prerequisite to be admitted to the MSc research phase in year 2.
This requires passing the Q1 and Q3 assignment with “Pass” and having a weighted average of the other 2 assignments at or above
the pass grade.

ENTRY REQUIREMENTS
As for entry to the programme.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Apply basic academic skills for handling scientific information.

LO 2 Critically read and evaluate technical and scientific literature.

LO 3 Develop an appropriate research design to address a scientific problem.

LO4 Effectively communicate research process and outcomes to peers and scientific community.

10
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 16
Tutorial 30
Individual assignment 30
Self-study 36

0

11
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TESTPLAN

LO1

Lo2

LO3

LO 4

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to... S 8 8 5

Apply basic academic skills for handling scientific information. [ ] [ J [ ]
Critically read and evaluate technical and scientific literature. [ ]
Develop an appropriate research design to address a scientific problem. [ J
Effectively communicate research process and outcomes to peers and scientific community. o [ ]
Test type Assignment(s) Assignment(s) Assignment(s) Assignment(s)
Weight of the test 0 40 0 60
Individual or group test Individual Individual Individual Individual
Type of marking Pass/Fail 1-10 Pass/Fail 1-10
Required minimum mark per test

Number of test opportunities per academic year 1 1 1 1

12



RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES

LO

LO

LO

LO

Learning
outcomes
(LO) of the
course:
The
student
will be able

to...

Apply basic
academic
skills for
handling
scientific

information.

Critically
read and
evaluate
technical and
scientific

literature.

Develop an
appropriate
research
design to
address a
scientific

problem.

Effectively
communicate
research
process and
outcomes to
peers and
scientific

community.

10

1

12

COMMON

13

13
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GLOBAL CHALLENGES, LOCAL ACTION

Course 201800317

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. S. Amer (ITC)
INTRODUCTION

Global challenges of the 21st century such as the effects of climate change, rapid urbanisation and increased resource use cannot be
simply addressed at the global level within disciplinary boundaries but require careful consideration and detailed analysis at the
regional and local level and an interdisciplinary lens. In this course, we aim to increase your awareness of the urgency to address
global challenges of the 21st century at multiple scales and the added value of engaging with other disciplines. Besides learning about
internationally recognized key global challenges, you will further strengthen the geo-spatial and domain knowledge and skills acquired
in preceding courses. You will become aware of both the added value and challenges of crossing disciplinary boundaries and
recognize the contribution of your own discipline in analysing global problems and designing actions at the local level.

The course consists of two elements, moving from a multi-disciplinary to an interdisciplinary approach. The first element introduces
you to a set of key global challenges which have been recognized internationally and relate to selected research themes of ITC and the
educational tracks of the Master Geo-Information Science and Earth Observation. This is done by means of keynote lectures and
associated discussion sessions. The second element is an interdisciplinary and project-based investigation in multi-disciplinary
groups (i.e. a region-specific case study that reflects a mix of challenges and impacts). With the group, you will analyse a global issue
more in-depth and collaboratively design a response (plan, strategy, policy recommendation, etc.) at the local level. For further details
see the content section.

CONTENT

For each selected global challenge (climate change, rapid urbanization, increased resource use) and related problems (e.g. natural
and man-made hazards, degradation of fragile ecosystems, resource scarcity), the lectures and associated discussion sessions of the
course provide an overview of:

e processes and trends;

e examples of local impacts;

¢ the role of Geo-information and Earth Observation to analyse and monitor global changes and policy goals as well as local and/or
regional effects; and

¢ institutional frameworks and agreements and relevant actors (e.g. Climate Change Agreement (COP21), the Sendai Framework
for Disaster Risk Reduction (SFDRR), Sustainable Development Goals; UN Habitat for addressing pressing urban issues or the
Food and Agriculture Organization of the United Nations (FAO) with regard to food security);

¢ basic principles of an interdisciplinary approach and how to collaborate within a diverse group.

With regard to the interdisciplinary and project-based group work, students will choose 1 project from a set of projects (4-5) offered.
The projects are region-specific/thematic case studies that reflect a mix of challenges and impacts (i.e. Challenges of Urbanisation;
Challenges in the Coastal Zone; Geo-Health; Energy transition; Food Security) for which students will do the following in a multi-
disciplinary and an international group setting (4-6 students; the lecturers will form these sub-groups):

¢ Analyse the local and/or regional effects of global challenges and current ways of addressing these utilizing the skills and
knowledge acquired in preceding courses

* Integrate different disciplinary contributions and local experiences in the design of a context- specific strategy, plan, indicator
framework or policy recommendation to address the global challenge at the local level.

¢ Reflect on differences in perceptions encountered due to their different disciplinary and international backgrounds.

The course ends with a plenary event where all groups will present their results.

TEACHING AND LEARNING APPROACH

Lectures about global challenges (processes and trends, policy frameworks, use of geo- information and earth observation, examples
of local impacts)

Discussion sessions to further process the information provided by the lectures/reading material through the perspective of your own
discipline/project group

Supervised project group-work to work on a specific case study (4-6 students)

Self-study

Excursion or discussion with invited experts (1 per case study project)

TESTS
¢ Individual essay (50%)
¢ Group project (40%)
¢ Individual reflection report (10%)

Please note: the 2nd opportunity of the Individual reflection report, is a repair

ENTRY REQUIREMENTS
Successful completion of the ITC course 'GIS and RS for Geospatial Problem Solving' or equivalent.

14
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2
LO3

LO4
LOS5

LO6

Explain global challenges and trends and how their impacts differ across geographic areas, critically reflect on institutional
frameworks/global agreements related to the global challenges addressed in the keynote lectures.

Critically reflect on the capacity of geo-spatial data, methods and tools in addressing specific global challenges.

Apply knowledge and skills acquired in preceding courses to analyse global challenges and trends and their effects at the
local/regional level.

Jointly analyse, synthesize and communicate on the local and/or regional effects of a selected global challenge.

Apply professional skills (oral communication, formulating an argument, scientific debate) and (ethical) values needed (justice,
responsibility, reasonableness, respect, honesty) for working in international and interdisciplinary teams and environments.
Reflect on international and interdisciplinary differences when co-developing local actions (context-specific strategy, plan,
indicators, policy recommendation) to address global challenges.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 20
Tutorial 12
Written/oral test 24
Group assignment 84
Self-study 32
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS5

LO6

COMMON

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Explain global challenges and trends and how their impacts differ across geographic areas, critically reflect
on institutional frameworks/global agreements related to the global challenges addressed in the keynote

lectures.

Critically reflect on the capacity of geo-spatial data, methods and tools in addressing specific global

challenges.

Apply knowledge and skills acquired in preceding courses to analyse global challenges and trends and their

effects at the local/regional level.

Jointly analyse, synthesize and communicate on the local and/or regional effects of a selected global

challenge.

Apply professional skills (oral communication, formulating an argument, scientific debate) and (ethical) values
needed (justice, responsibility, reasonableness, respect, honesty) for working in international and

interdisciplinary teams and environments.

Reflect on international and interdisciplinary differences when co-developing local actions (context-specific

strategy, plan, indicators, policy recommendation) to address global challenges.
Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Individual written test

Group project

Individual written test

Assignment(s) Assignment(s) Assignment(s)

50

Individual

1-10

40

Group

1-10

10

Individual

1-10
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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GIS & RS FOR GEOSPATIAL SOLUTIONS

Course 202001419

Period 02 September 2024 - 08 November 2024
EC 4

Course coordinator dr. M.C. Chipofya (ITC)
INTRODUCTION

Geo-Information Systems and Science (GIS) and Earth Observation by Remote Sensing (RS) are among the main focus areas of the
Faculty ITC. We concentrate on the underlying geospatial concepts that contribute to the development of technological innovations.
With the help of GIS and RS we also increase our understanding of aspects of system Earth. GIS and RS help us in making
contributions to solutions for global challenges, such as the dealing with effects of climate change and rapid urbanisation, and the need
for a more sustainable use of our resources.

This first quartile (entitled 'GIS and RS for Geospatial Problem Solving') of your study programme at ITC consists of three interrelated
courses. In these courses we aim to provide you with a general understanding about GIS and RS principles, and with hands-on
experience in using software tools for handling and processing geospatial data. Apart from the geo-technological focus, the courses
also challenge you in developing an attitude of using GIS and RS in dealing with geospatial problems and answering geospatial
questions related to real world problems and challenges. The three courses will take you through the main stages of a geospatial
problem solving cycle: from the identification of a geospatial problem and associated questions, via the acquisition, management and
exploration of maps, images and other geospatial data, to the analysis and processing of images and spatial data, and eventually to the
generation and communication of geospatial information needed for answering the geospatial questions.

CONTENT

The three courses in this quartile share a common structure that follows the stages of the geospatial problem solving cycle. GIS- and
RS-topics are not dealt with in isolation, but are integrated throughout the courses. The 1st course focuses on the use of GIS and RS
in producing geo-information to help find solutions for geospatial problems.

Course 1: GIS and RS for geospatial solutions (4 EC)

In the first week of this course we introduce the geospatial problem solving approach. For this we consider the differences between
uses and users of geo-information for problem solving, and the needs for answering geospatial questions. Furthermore, we discuss the
influence of societal differences in selecting approaches and priorities when managing natural resources. We will also discuss the role
of geo-information in the context of the Sustainable Development Goals and other global challenges. In the last two weeks of the course
you will carry out a project assignment, in which you apply elements of the geospatial problem solving approach to produce geo-
information relevant for a specific geospatial problem issue.

TEACHING AND LEARNING APPROACH

The first week of the course (i.e. the first week of quartile 1) consists of a series of introductory presentations, group assignments and
plenary discussions. In the last two weeks of the course (i.e. weeks 9 and 10 of quartile 1) you will carry out an individual project
assignment.

TESTS

A project report, as deliverable of the written project assignment, is used to assess the learning outcomes of the course. Per
academic year an opportunity exists of improving on (i.e. 'repairing') the project assignment deliverable; this repair option will be
assigned a maximum mark of 6.0.

ENTRY REQUIREMENTS

Open for students in the Master of Science degree programme in Geo-Information Science and Earth Observation. The suitability of
other candidates will be assessed on an individual basis.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Apply the geospatial problem solving approach to address a specific geospatial problem.

LO 2 Build a geospatial data processing workflow and apply appropriate methods for data acquisition, management and analysis,
including the integration of data and analysis functions.

LO 3 Explain how contextual and cultural differences can influence the collection and analysis of geospatial data, and the
presentation of geo-information to a target audience.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD
Teaching / learning method

Lecture

Group assignment

Individual assignment

Self-study

Hours
16
10
70
16

COMMON
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TESTPLAN

LO1

LO2

LO3

COMMON

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Apply the geospatial problem solving approach to address a specific geospatial problem.

Build a geospatial data processing workflow and apply appropriate methods for data acquisition, management and analysis, including the

integration of data and analysis functions.

Explain how contextual and cultural differences can influence the collection and analysis of geospatial data, and the presentation of geo-

information to a target audience.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Project assignment course 1

Assignment(s)

100

Individual

1-10

55
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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GEOSPATIAL DATA: CONCEPTS, ACQUISITION AND MANAGEMENT

Course 202001457

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator drs. J.P.G. Bakx (ITC)
INTRODUCTION

Geo-Information Systems and Science (GIS) and Earth Observation by Remote Sensing (RS) are among the main focus areas of the
Faculty ITC. We concentrate on the underlying geospatial concepts that contribute to the development of technological innovations.
With the help of GIS and RS we also increase our understanding of aspects of system Earth. GIS and RS help us in making
contributions to solutions for global challenges, such as the dealing with effects of climate change and rapid urbanisation, and the need
for a more sustainable use of our resources.

This first quartile (entitled 'GIS and RS for Geospatial Problem Solving') of your study programme at ITC consists of three interrelated
courses. In these courses we aim to provide you with a general understanding about GIS and RS principles, and with hands-on
experience in using software tools for handling and processing geospatial data. Apart from the geo-technological focus, the courses
also challenge you in developing an attitude of using GIS and RS in dealing with geospatial problems and answering geospatial
questions related to real world problems and challenges. The three courses will take you through the main stages of a geospatial
problem solving cycle: from the identification of a geospatial problem and associated questions, via the acquisition, management and
exploration of maps, images and other geospatial data, to the analysis and processing of images and spatial data, and eventually to the
generation and communication of geospatial information needed for answering the geospatial questions.

CONTENT

The three courses in this quartile share a common structure that follows the stages of the geospatial problem solving cycle. GIS- and
RS-topics are not dealt with in isolation, but are integrated throughout the courses. The 2nd course focusses on concepts and aspects
of acquisition, management and preprocessing of geospatial data. We assume that most participants have considerable knowledge
about GIS and vector related data and models but require increased understanding of remote sensing and image data concepts.

Course 2: Geospatial data: concepts, acquisition and management (5 EC)

In this course we will introduce the main GIS and RS concepts relevant for the acquisition, management and exploration of geospatial
data. We will consider both the use of map data, and remote sensing images. Main topics include:

¢ Spatial data models;

¢ Principles of Electro-Magnetic radiation;

¢ Data acquisition;

¢ Analyzing reflected and emitted radiation;
¢ Introduction to Atmospheric correction;

¢ Geospatial data management and retrieval;
¢ Spatial reference systems;

¢ Image reprojection and resampling;

¢ Visualisation principles and map creation;
¢ Image visualisation and colour composites.

This course is concluded with a written test.

TEACHING AND LEARNING APPROACH

The course mainly consists of a mix of lectures, practicals and self-study time. Main topics' concepts and theory are briefly introduced
through lectures which are usually scheduled in the morning. The subsequent practicals provide an illustration of the introduced
concepts to increase understanding and also allow participants to develop practical skills. They consist of a supervised part, to help
participants to start up practical activities and to discuss the intermediate results, and an unsupervised part for self-directed learning
and skills development. Topics are usually finalised with plenary wrap-up sessions in the afternoon in which conceptual and practical
issues that emerged from the lecture and practical are dealt with. Questions which arise at other later moments can be issued to the
online discussion fora. Fellow students are encouraged to help solving the issues with moderation of the responsible lecturer.

Over time the practical instructions become less instructive and more task oriented, thus requiring a more active and self-supporting
attitude from participants. This also helps to prepare for the planning and execution of the project assignments that you will carry out
later on in the programme at ITC. Most pratical exercises will have a generic nature with specific instructions for QGIS. Alternatives
can be available for ArcGIS and ERDAS.

TESTS

A written test (in course week 5 of quartile 1) assesses the learning outcomes of this course. Two test opportunities are offered per
academic year.

ENTRY REQUIREMENTS
Compulsory course for students in the Master of Science degree programme in Geo-Information Science and Earth Observation. The
suitability of other candidates will be assessed on an individual basis.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the relevant concepts in geo-information science for the acquisition, management and retrieval of geospatial data using
geo-databases.

LO 2 Define spatial reference systems, coordinate systems and projections for geospatial data and apply relevant transformations for
data integration with an emphasis on images.

LO 3 Explain electromagnetic radiation and the main processes of its interaction with the Earth surface and atmosphere.

LO 4 Apply atmospheric correction and image enhancement techniques to a remote sensing dataset to prepare for information
extraction.

LO5 Explain visualization principles and apply them for the interpretation and communication of geospatial data products (maps,
graphs and remote sensing images).

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 33
Written/oral test 2
Self-study 73
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TESTPLAN

LO1

LO2

LO3

LO 4

LO5

COMMON

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...
Explain the relevant concepts in geo-information science for the acquisition, management and retrieval of geospatial data using geo-databases.

Define spatial reference systems, coordinate systems and projections for geospatial data and apply relevant transformations for data integration

with an emphasis on images.
Explain electromagnetic radiation and the main processes of its interaction with the Earth surface and atmosphere.
Apply atmospheric correction and image enhancement techniques to a remote sensing dataset to prepare for information extraction.

Explain visualization principles and apply them for the interpretation and communication of geospatial data products (maps, graphs and remote

sensing images).

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Written test course 2

Written

examination

100

Individual

1-10
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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GEOSPATIAL ANALYSIS AND INTERPRETATION

Course 202001458

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator L.H. De Oto MSc (ITC)
INTRODUCTION

Geo-Information Systems and Science (GIS) and Earth Observation by Remote Sensing (RS) are among the main focus areas of the
Faculty ITC. We concentrate on the underlying geospatial concepts that contribute to the development of technological innovations.
With the help of GIS and RS we also increase our understanding of aspects of system Earth. GIS and RS help us in making
contributions to solutions for global challenges, such as the dealing with effects of climate change and rapid urbanisation, and the need
for a more sustainable use of our resources.

This first quartile (entitled 'GIS and RS for Geospatial Problem Solving') of your study programme at ITC consists of three interrelated
courses. In these courses we aim to provide you with a general understanding about GIS and RS principles, and with hands-on
experience in using software tools for handling and processing geospatial data. Apart from the geo-technological focus, the courses
also challenge you in developing an attitude of using GIS and RS in dealing with geospatial problems and answering geospatial
questions related to real world problems and challenges. The three courses will take you through the main stages of a geospatial
problem solving cycle: from the identification of a geospatial problem and associated questions, via the acquisition, management and
exploration of maps, images and other geospatial data, to the analysis and processing of images and spatial data, and eventually to the
generation and communication of geospatial information needed for answering the geospatial questions.

CONTENT

The three courses in this quartile share a common structure that follows the stages of the geospatial problem solving cycle. GIS- and
RS-topics are not dealt with in isolation, but are integrated throughout the courses. The 3rd course focuses on the analysis and
interpretation of geospatial data.

Course 3: Geospatial analysis and interpretation (5 EC)

In this course we mainly concentrate on the analysis of geo-data, including remote sensing images, to produce geo-information. We
also give attention to the quality aspects of the geo-data and their effect on the quality of the result of data analysis.

Main topics include:

¢ Overview of spatial analysis functions;

¢ Vector analysis;

¢ Raster analysis;

¢ Network analysis;

¢ Spatial filtering;

¢ Image ratios and indices;

¢ Digital image classification;

¢ Analyzing spatial and temporal patterns;
e Data quality;

e Geo-portals.

This course concludes with a written test.

TEACHING AND LEARNING APPROACH

The course mainly consists of a mix of lectures, practicals and self-study time. Lectures are used to introduce concepts and theory.
The practicals provide an illustration of the introduced concepts and also allow you the develop practical skills. They consist of a
supervised part, to help you start up practical activities and to discuss the results, and an unsupervised part for self-directed learning
and skills development. Topics are usually finalised with plenary wrap-up sessions in which conceptual and practical issues are dealt
with.

Exercise instructions used in the practicals are task oriented, thus requiring a more active and self-supporting attitude from you. This
also helps you to prepare for the planning and execution of project assignments that you will carry out later on in the course
programme at ITC. In the year 2021 we will consider QGIS as the software of choice for majority of the practicals and assignments.

TESTS
A written test (in course week 8 of quartile 1) assesses the learning outcomes of this course. Two test opportunities are offered per
academic year.

ENTRY REQUIREMENTS
Open for students in the Master of Science degree programme in Geo-Information Science and Earth Observation. The suitability of
other candidates will be assessed on an individual basis.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Classify spatial analysis functions and apply appropriate analysis operations on a geospatial dataset.
LO2 Apply standard image analysis and change detection techniques to extract spatial and temporal information from a geospatial
dataset.

LO 3 Identify the impact of geospatial data handling on data quality and implement standard quality assessment procedures.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 40
Written/oral test 2
Self-study 74
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LO1

LO2

LO3

COMMON

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Classify spatial analysis functions and apply appropriate analysis operations on a geospatial dataset.

Apply standard image analysis and change detection techniques to extract spatial and temporal information from a geospatial dataset.
Identify the impact of geospatial data handling on data quality and implement standard quality assessment procedures.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Written test course 3

Written

examination

100

Individual

1-10

55
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

SPECTRAL DATA PROCESSING

Course 201800273

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. H.M.A. van der Werff (ITC)
INTRODUCTION

Earth observation satellites generate large amounts of geospatial data that are freely available for society and researchers.
Technologies such as cloud computing and distributed systems are modern solutions to access and process big Earth observation
data. Examples of online platforms for big Earth observation data management and analysis are, just to name a few popular ones, the
Google Earth Engine, the Sentinel Hub and the Open Data Cube.

This course is on processing remote sensing data from operational and historic missions in an online platform, with a specific
emphasis on earth science applications. The course first gives an introduction to scripting with a higher-level programming language,
such as Python or JavaScript. Writing own scripts allows one to create custom processing solutions, automate such processing
chains, apply them to various remote sensing data and provide scalable solutions for handling small or large data sets. The application
to Earth sciences will help you to recognize landforms in images, determine Earth's surface composition and derive various physical
parameters from the Earth's surface.

CONTENT

Platforms for big Earth observation data management and analysis; Google Earth Engine; Scripting; Pre-processing and processing
levels; Multi-spectral remote sensing; Hyperspectral remote sensing; Multi-temporal analysis; Spectral math; Spectral indices; Band
ratios; Visualization; Visual image interpretation; Impact of weather and illumination; Earth science applications (such as surface
compositional mapping, landslides, flooding, vegetation change).

TEACHING AND LEARNING APPROACH

The first 3 weeks of the course are to learn skills to work with Google Earth Engine, by following public online tutorials. The next 3
weeks are spent experimenting with the platform in terms of realistic data handling, problem-solving and generating products for
geological remote sensing by following assignments. The final 3 weeks are spent on an individual & self-designed project in which
participants can master the skills learned before and apply these to address an Earthsciences-related topic. The individual setup of the
project allows participants to define topics of their own choice.

The course is designed for self-directed learning in an e-learning setting; the majority of the work can be done online and/or at home.
The scheduled contact hours are for short lectures to introduce course components, interactive sessions for plenary question-and-
answer moments, and the possibility to co-operate with peers on individual practical assignments. During the course is ample time for
self-study and experimenting with scripting and data processing.

TESTS
The assessment of this course comprises two summative tests and four formative tests.

The two summative tests are based on a 3-week individual project:

1. Submitted source code (individual, graded; 40% weight). It is allowed to use Al software for this task. A second opportunity
consists of improving (i.e. 'repairing') source code and can be assigned a maximum grade of 6.0.

2. An oral test based on the project's outcomes and data quality perceived (individual, graded; 60% weight). No Al software is
allowed to be used in the interpretation of results. Due to the extent of this project and the oral examination, there is no second
opportunity.

Formative assessment (self-reflection) is used for personal development during the course. These tests are not graded but completion
is required to be able to participate in the oral test.

ENTRY REQUIREMENTS

Participants should have an introductory-level experience with GIS and Remote Sensing and possess an affinity with earth sciences or
physical geography. Participants will need to create an account with Google and Google Earth Engine to do the practical assignments.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand the principles of a higher-level programming language and apply these to scripting.
LO2 Construct, adapt and troubleshoot scripts in an (online) processing platform.

LO 3 Operate an online processing platform to compute useful Earth surface parameters.

LO4 Evaluate the quality of image processing results and judge its influence on image interpretation.
LO5 Criticize remote sensing methods in terms of suitability for a specific application.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD
Teaching / learning method

Lecture

Tutorial

Individual assignment

Self-study

Written/oral test

Hours

40
40
100

SPECIALIZATIONS
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS

Learning outcomes (LO) of the course: The student will be able to...

Understand the principles of a higher-level programming language and apply these to scripting.
Construct, adapt and troubleshoot scripts in an (online) processing platform.

Operate an online processing platform to compute useful Earth surface parameters.

Evaluate the quality of image processing results and judge its influence on image interpretation.
Criticize remote sensing methods in terms of suitability for a specific application.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

SPECIALIZATIONS

Learning Outcomes that are addressed in the test
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SPECIALIZATIONS

FIELD MEASUREMENTS AND VALIDATION

Course 201800318

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. F.J.A. van Ruitenbeek (ITC)
INTRODUCTION

Field methods play an important role in geological remote sensing studies for validation of remote sensing interpretations and
characterization of rocks and geological environments.

This course introduces students to state-of-the-art methods for field validation and characterization of rock and outcrop. Methods
include the acquisition of measurements of mineralogical and chemical rock composition and physical rock properties. Acquisition of
field data is practiced with a variety of field instruments, including reflectance and gamma-ray spectrometers and portable XRF.

The preparation and execution of a field campaign is practiced in this course. A desk top remote sensing study is performed prior to
field work and forms the basis for the preparation of detailed field data acquisition plans. Data collection using various sampling
strategies and different instruments will be exercised in the field and includes assessment of data quality. Results of the field campaign
are analysed, interpreted and integrated with the results of desk studies. Additional measurements may be performed in the ITC
geoscience laboratory.

CONTENT

The course covers both theoretical subjects and practical work, including a 4-days field visit in the 4th, 5t or 6! week of the course.
During the field visit to a geological interesting area, students practice the acquisition of field measurements with a variety of field
instruments and gain experience with many aspects of data acquisition in the field.

Prior to the field visit, data acquisition plans are prepared from desk studies of remote sensing and other data sets and specific
objectives related to the geology of the area. After the field visit the acquired data sets are analyzed, interpreted and integrated with the
desk study. Additional sample analysis can be performed in the ITC geoscience lab.

Theoretical topics support the practical work and deepen the knowledge on field methods in Earth Sciences. These topics will be
conveyed in self-study assignments and lectures and include theory about the field instruments, sampling strategy and campaign
planning, data quality assessment, and integration and validation techniques.

Practical aspects of the course include the operation of field instruments, testing and packing of equipment, acquisition of
measurements and sampling, outcrop description and interpretation, logistics in the field, field data management and presentation of
results.

The field work is organized as a group assignment where each student contributes to the group effort and where all group members
also have individual tasks. It is necessary that the students work as a group in order to meet the field work objectives. The results will
be communicated in a series of individual presentations.

TEACHING AND LEARNING APPROACH

This a combination of self-directed learning in individual assignments, learning by joint work with colleagues in a group assignment
during field data collection, and theory lectures in support of the practical work and operation of field equipment. The setup of the
individual assignments allows participants to define topics of their own choice.

The group work starts in week 1 of the course and runs until the week after the field visit and is concluded with the submission of a
group data product and a peer evaluation. The individual assignment starts also in week 1 and runs until the end of the course and is
concluded with individual presentations.

TESTS
The assessment of this course comprises three tests.
Two tests are based on a group assignment of approximately 7 weeks:

¢ Submission of a data product (group, graded; 25% weight). No Al software is allowed to be used in the creation of the data
product;
¢ Peer-evaluation of the group members (individual, graded; 25% weight). No Al software is allowed to be used in the evaluation.

One test is based on a 7-weeks individual assignment:

¢ Oral presentation and examination (individual, graded, 50% weight). No Al software is allowed to be used in the analysis and
interpretation of the results and the compilation of the presentation.

Second test opportunities for the ‘data product assessment (test 1)’ and the ‘individual assignment report (test 3)' and will consist of
improving on (i.e. 'repairing') the test deliverable(s), and will be assigned a maximum mark of 6.0.
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SPECIALIZATIONS

ENTRY REQUIREMENTS

Compulsory for the ‘Applied Remote Sensing for Earth Sciences’ (ARS) specialization of the ‘Geo-information Science and Earth
Observation (M-GEO) programme.

Students from other specializations and programmes should have a background in earth sciences, knowledge of GIS and Remote
Sensing techniques for geological applications, and a basic understanding of chemical analytical methods.

A 4-days fulltime field visit is planned in week 5 of the quartile. Course participants are responsible themselves for catching-up with
missed lectures of parallel-running courses in this week.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LO5

Create a data acquisition plan for field measurements based on a GIS remote sensing desk study and objectives specific to the
geology of an area.

Acquire field measurements that cover the lithological variability at outcrop scale using a variety of different field instruments
and manage the measurements adequately.

Perform quality assessment of the field measurements and derive meaningful information about rock composition and rock
formation from the measurements.

Evaluate the results of the desk study, the field campaign and laboratory analyses and explain the observed relationships
between the remote sensing and field data, considering sensor type, scale, physiography and other factors.

Perform a specific task in a manner that is largely self-directed but that requires cooperation with other colleagues during a
field campaign.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 12
Supervised practical 14
Tutorial 7
Study trip 40
Individual assignment 80
Group assignment 24
Self-study 19
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SPECIALIZATIONS

TESTPLAN

LO1

LO2

LO3

LO 4

LOS5

Learning Outcomes that are addressed in the test

- ~N ©
. . ] ] ]
Learning outcomes (LO) of the course: The student will be able to... ° ° 2
Create a data acquisition plan for field measurements based on a GIS remote sensing desk study and
[ J [ J [ J
objectives specific to the geology of an area.
Acquire field measurements that cover the lithological variability at outcrop scale using a variety of different ° °
field instruments and manage the measurements adequately.
Perform quality assessment of the field measurements and derive meaningful information about rock ° °
composition and rock formation from the measurements.
Evaluate the results of the desk study, the field campaign and laboratory analyses and explain the observed
relationships between the remote sensing and field data, considering sensor type, scale, physiography and [ ]
other factors.
Perform a specific task in a manner that is largely self-directed but that requires cooperation with other ° °
colleagues during a field campaign.
Test type Assignment(s) Assignment(s) Presentation(s)
Weight of the test 25 25 50
Individual or group test Group Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

GEOLOGICAL REMOTE SENSING

Course 201800291

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. LE.A.M. Fadel (ITC)
INTRODUCTION

This course gives an introduction to geological remote sensing in the application of earth resources mapping. It includes the integration
of regional geophysics and remote sensing imagery for geoscience interpretation and map/model generation to derive quantifiable
information about the surface and subsurface geology. The course is designed for students with a background in earth sciences and
an ability to operate remote sensing and GIS software.

The course covers descriptions and applications of regional geophysics, radar, and their integration with multi-spectral sensors for
geological remote sensing. Background theories of regional geophysical techniques and radar are outlined, including their processing
and filtering techniques. The integration of these datasets with multi-spectral sensors is also outlined. Pre-processing and information
extraction algorithms are covered for students to understand the steps involved in converting raw data and images' digital numbers into
structural and compositional mapped products. Moreover, the students will work on understanding the strategies available to use their
surface maps to derive qualitative and quantitative subsurface information on the structure and composition. The evaluation of the
created geological maps and subsurface model products using remote sensing data and their uncertainties will also be outlined.

The course includes the practical application of creating geological maps and models using interpreted geological information from
relevant geophysical, remote sensing, and geoscience datasets.

CONTENT
The course covers the following topics:

¢ |ssues and caveats, including spatial, spectral, and wavelength resolution, of regional geophysics and remote sensing techniques
for geological mapping;

* Background theory of regional geophysics (aeromagnetics, radiometrics, and gravity) involved with pre-processing techniques
and data interpretation for geoscientific case studies;

¢ An outline of radar remote sensing techniques for geological applications;

* Application of high-resolution digital elevation models (e.g., derived from radar) for structural geological mapping;

¢ Application of PC-based and cloud-based data processing techniques for geophysics, remote sensing, and geospatial datasets;

¢ |Information extraction strategies and geological case study examples using regional geophysics, multi-, hyper-spectral, and radar
datasets;

¢ Integration strategies of surface and subsurface information using geophysical and remote sensing datasets.

¢ Integrated case studies incorporating geophysical, remote sensing, and geoscience datasets;

¢ Geoscience map and subsurface model generation using geophysical, multi-spectral, and radar sensors and relevant integrated
datasets;

¢ Evaluation of the derived structural and compositional map products using field ground-truthing and quantification validation
techniques.

TEACHING AND LEARNING APPROACH

The first five weeks of the course are to learn the fundamentals of the geophysical techniques used for geological surface and
subsurface regional mapping following educational materials, exercises, and book chapters. During the first 5 weeks, individual
practical assignments using real data are implemented on a real case study to master the theoretical part. The last five weeks of the
course are spent on a team-based project assignment to master the skills learned before and apply them to a real case study to
generate surface maps and subsurface models, besides providing geological interpretation and evaluating the associated limitations
and uncertainties. The team-based project assignment is designed to stimulate cooperation with peers and to enable teamwork toward
a final academic product.

The course is designed for interactive learning in an e-learning setting. The scheduled contact hours are for lectures, interactive
question-and-answer sessions, and tutorials for the practical assignments. More contact hours are allocated in the first five weeks of
the course. In the last five weeks, time is available in the team-based project assignment to test and implement the mapping and
subsurface modeling techniques.

TESTS
The assessment of this course comprises two summative tests and three formative assessments:

1. Submitted exercises (individual, graded; 50% weight). It is allowed to use Al software for this task. A second opportunity consists
of improving (i.e., ‘repairing’) and can be assigned a maximum grade of 6.0.

2. Team-based project assignment (team, graded; 50% weight). It is allowed to use Al software for this task. Due to the extent of this
project and the team-based work, there is no second opportunity.

Formative assessment (self-reflection) is used for personal development during the course. These tests are not graded, but completion
is required to be able to submit the team-based project assignment.
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SPECIALIZATIONS

ENTRY REQUIREMENTS

Compulsory for the ‘Applied Remote Sensing for Earth Sciences’ (ARS) specialization of the ‘Geo-information Science and Earth
Observation (M-GEO) programme.

Students from other specializations and programmes should have experience with GIS and Remote Sensing, and a background in
infrared spectroscopy, imaging spectroscopy, and spectral modelling applied to earth resource exploration (spectral geology and
spectral data processing courses or equivalent).

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LOS

Assess sensor specifications and their processed image products for the application of a particular geological/mineralogical
setting and targeted mapping activity.

Explain the pre-processing chain applied to sensor output from raw data to interpretable geological and geophysical data
products, including pre-processing, calibration, corrections, geolocation, and filtering.

Choose and apply appropriate algorithms to processed geophysical and remote sensing products for the extraction of
compositional and structural earth science information.

Compose and generate earth science map products and subsurface models using the integration of various earth science
information (spectral and geophysical) to construct a surface and sub-surface geological interpretation.

Evaluate the uncertainties of data processing, mapping, and modeling products.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 30
Supervised practical 26
Individual assignment 16
Group assignment 72
Self-study 52
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS5

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Assess sensor specifications and their processed image products for the application of a particular geological/mineralogical

setting and targeted mapping activity.

Explain the pre-processing chain applied to sensor output from raw data to interpretable geological and geophysical data

products, including pre-processing, calibration, corrections, geolocation, and filtering.

Choose and apply appropriate algorithms to processed geophysical and remote sensing products for the extraction of

compositional and structural earth science information.

Compose and generate earth science map products and subsurface models using the integration of various earth science

information (spectral and geophysical) to construct a surface and sub-surface geological interpretation.

Evaluate the uncertainties of data processing, mapping, and modeling products.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

&

c

-l

£

c

2

[

(2]

©

s

2

kS

o

3

Q
)
[
°
)

Excercises submission

Assignment(s) Assignment(s)

50

Group

1-10

50

Individual

1-10

43



RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

SPECTRAL GEOLOGY

Course 201800287

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. A.H. Dijkstra (ITC)
INTRODUCTION

This course focuses on the use of spectroscopic methods to obtain geological information related to, for example, minerals and rocks,
mineralised and geothermal systems, soils and other natural materials. It is designed for students with a solid understanding of Earth
Sciences who wish to use state-of-the-art spectroscopic methods to analyse the mineral content and texture of samples.

The course will cover the interaction of matter with electromagnetic radiation of different wavelength ranges (e.g. visible, near- & short-
wave infrared, as well as long-wave infrared). The students will be involved in laboratory measurements with various imaging and non-
imaging spectroscopic instruments, and compare and contrast the results with those from other mineralogical and geochemical
analytical methods.

The course further contains a component on statistical data processing and (semi-) quantitative spectral modelling techniques derived
from current research. These analytical techniques will lead to information on the mineralogy and mineral chemistry of samples, as well
as Earth surface parameters. The students will experiment with, validate and compare multiple approaches, investigate their
assumptions and limitations, and critically evaluate their suitability to solve Earth science problems.

CONTENT
This course covers the following topics:

¢ |Interaction between electromagnetic radiation and matter;

¢ Laboratory spectral measurements with imaging and non-imaging infrared spectrometers;

¢ Instrument calibration and storage of data in spectral data cubes and libraries;

¢ Pre-processing of image data and assessment of data quality;

o Spectral interpretation strategy: linking the spectra to mineral/rock composition;

¢ Spectral absorption feature analysis;

¢ Spectral end-member extraction from images and spectral libraries;

* (Semi-) quantitative spectral matching and classification methods;

¢ Mineral mapping in rock samples or drill cores of a particular mineralised or geothermal system.

Throughout the course, these topics will be covered in a logical order from instrument data acquisition and data (pre-) processing, to
extracting (semi-) quantitative results, and ending with putting the results into the context of the geologic system. The topics will be
introduced in lectures and familiarised using computer tutorials. The second part of the course contains a project in which a deeper
knowledge of these techniques and application possibilities will be developed.

TEACHING AND LEARNING APPROACH

This research-informed course contains lectures to introduce new theory, reading assignments and other self-study exercises with
associated feedback sessions to deepen the theory, and supervised and unsupervised practicals to put the theory into practice. The
course furthermore contains hands-on introductions to some key GeoScience Laboratory instruments. Overall, the course has a very
strong experiential learning component.

The course will be completed by a group assignment in which skills from the course will be applied to an authentic sample set to
produce a useful dataset and relevant scientific results in, as much as possible, a real-world context.

TESTS
The course assessment is composed of several elements:

¢ A closed book written test on the theory of the course (30%)

¢ An individual assignment to identify and describe a mineral using spectral and geochemical techniques (25%)

¢ A group assignment resulting in a group presentation with time for questioning (45%)

¢ Note that the second test opportunity for the ‘group assignment’ as well as for the 'individual assignment' will consist of improving
on (i.e., 'repairing’) the deliverable(s), and will be assigned a maximum mark of 6.0.

¢ Students have to submit their own, original work for assessment, or, in the case of a group assignment, the submitted work is
expected to be truly collaborative, with approximately equal contributions from all students; use of Al language model tools (e.g.,
ChatGPT) is only allowed to improve the flow and style of student's work, and use of Al-based language model tools must be
explicitly mentioned by the student when they submit the work (Note that this statement is for guidance only, and relevant
examination board regulations current at the time of submission of the assessment always take precedence).

ENTRY REQUIREMENTS

Compulsory for the Applied Remote Sensing for Earth Sciences (ARS) specialization of the Geo-Information Science and Earth
Observation (M-GEO) programme.

Students from other specializations and programmes should have introductory level experience with GIS and Remote Sensing, have an
affinity with Earth sciences, and have a good background knowledge of rocks and minerals.
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the physical principles that guide infrared spectroscopy.

LO 2 Describe the spectral and spatial characteristics of various spectrometers.

LO 3 Operate various imaging and non-imaging spectrometers in the lab and acquire meaningful data.
LO4 Assess and evaluate the quality of measurements and execute possible corrective measures.

LO5 Design and execute a spectral interpretation strategy, turning a spectral dataset into a mineralogical and geological
interpretation.

LO6 Test different processing algorithms on spectral datasets and critically evaluate their effect on the geological outcome of the
interpretation.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 20
Supervised practical 50
Tutorial 5
Written/oral test 3
Group assignment 30
Self-study 80
Individual assignment 8
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS

LO6

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Explain the physical principles that guide infrared spectroscopy.

Describe the spectral and spatial characteristics of various spectrometers.

Operate various imaging and non-imaging spectrometers in the lab and acquire meaningful data.
Assess and evaluate the quality of measurements and execute possible corrective measures.

Design and execute a spectral interpretation strategy, turning a spectral dataset into a mineralogical and

geological interpretation.

Test different processing algorithms on spectral datasets and critically evaluate their effect on the geological

outcome of the interpretation.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year
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examination
30 25 45
Individual Individual Group
1-10 1-10 1-10
2 2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

ACQUISITION AND EXPLORATION OF GEOSPATIAL DATA

Course 201800281

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. J.M. Morales Guarin (ITC)
INTRODUCTION

The aim of this course is to equip students with theoretical and practical knowledge on methods for spatial data acquisition and
exploration, while helping them to develop critical thinking for method selection. In this course, you will use algorithmic thinking and
programming skills to find, retrieve, store, and explore various geospatial datasets. In scientific research, significant time and effort
goes into acquiring, understanding, and cleaning the data before the actual analysis begins. Maps and diagrams are not only used to
present the final results, but also to verify and explore the data during the whole data processing process phase. After this course, you
will have a good overview of acquisition and exploration of geospatial data principles and methods and be able to select the most
appropriate data acquisition and exploration methods as well as working environment (among R, Python, C++ etc).

CONTENT

1. Model-driven architecture for transformational design of geospatial information systems
> UML for data store design
o Simple spatial features
2. Data acquisition
= From space, airborne, terrestrial and in situ sensor systems
o Through human sensors and from existing repositories
o Strategies (field survey planning, sampling, collaborative mapping, use of mobile applications)
3. Basics of calculus, probability and statistics for data exploration
o Calculus
o Basic rules of probability
> Distributions of random variables
o Graphical tools for descriptive statistics
4. Inferential statistics
e Confidence intervals
o Hypothesis testing
5. Regression
> Least squares and linear regression
6. Linear algebra
7. Spatial data quality
o Elements of spatial data quality in relation to sensors and other data sources.
s Error propagation and Taylor series.
8. Cartographic data exploration

TEACHING AND LEARNING APPROACH

This course aims to bring both scientific background and practical skills with respect to the acquisition and exploration of geospatial
data. Lectures bring the theoretical background and a series of tutorials prepare students for practical work and the course's individual
assignment. Extensive practicals hold a big weight to this course and are intended to facilitate individual and peer learning. Students
will be asked to share the findings of their practicals and solutions to problems. Finally, students will have to work on an assignment that
will cover different steps of the process from data acquisition to its final visual exploration.

TESTS
The course mark is based on (1) a written test (weight 60%) and (2) an individual project assignment (40%).

ENTRY REQUIREMENTS
Basic knowledge and skills on Geo-Information Science and Modelling, Earth Observation and Data Integration: Principles,
Approaches and User perspectives.

Students entering the course should have basic programming and GIS skills and be able to select, modify and apply solution strategies
implemented in some programming language (e.g., Python, C++, Matlab, R and SpatialSQL).
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2

LO3

LO4
LOS5

Design basic database structures for the storage of geospatial data using model-driven architecture principles.

Make informed decisions on: the appropriate sensor or source, and methods for data acquisition, including field surveys, Web
Services available through Spatial Data Infrastructures, crowdsourcing and Web-scraping.

Analyse geospatial data resources and describe their usefulness in terms of spatial, temporal, and attribute quality using
statistics and calculus concepts.

Apply cartographic design principles in either exploration or presentation of geospatial data.

Use or madify algorithms written in Python, C++, Matlab, R or Spatial SQL as part of acquisition and exploration of geospatial
data tasks.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 38
Supervised practical 40
Written/oral test 3
Individual assignment 40
Self-study 75
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SPECIALIZATIONS
TESTPLAN

Learning Outcomes that are addressed in the test

- N
- -
Learning outcomes (LO) of the course: The student will be able to... é §
LO 1 Design basic database structures for the storage of geospatial data using model-driven architecture principles. ([ J [ ]
LO2 Make informed decisions on: the appropriate sensor or source, and methods for data acquisition, including field surveys, Web ° °
Services available through Spatial Data Infrastructures, crowdsourcing and Web-scraping.
LO3  Analyse geospatial data resources and describe their usefulness in terms of spatial, temporal, and attribute quality using ° °
statistics and calculus concepts.
LO4  Apply cartographic design principles in either exploration or presentation of geospatial data. (] [ ]
LOS5  Use or modify algorithms written in Python, C++, Matlab, R or Spatial SQL as part of acquisition and exploration of geospatial
data tasks.
Test type Written Assignment(s)
examination
Weight of the test 60 40
Individual or group test Individual Individual
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1
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SPECIALIZATIONS

EXTRACTION, ANALYSIS AND DISSEMINATION OF GEOSPATIAL
INFORMATION

Course 201800290

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. R. Vargas Maretto (ITC)
INTRODUCTION

This course teaches the extraction, analysis, and dissemination of information from geospatial data in an iterative approach using
concrete applications. Exemplary course topics are the creation of Digital Terrain Models using photogrammetric techniques, and the
visualization of the results in a 3D environment using Virtual Reality. Furthermore, you will use different map representations to
visualize time series results taking uncertainty of measurements and models into account. Lastly, the design and creation of
geoservices and web mapping technology will be discussed.

CONTENT

1. Photogrammetry
> Flight planning
o Image orientation
o DTM generation
o 2D and 3D feature extraction

2. GeoWebservices and mapping clients
o Client-server technology
¢ Open Standards and GeoWebservices
o Web clients for data and map dissemination

3. Geovisualization
> 3D visualization (depth cues, VR)
o Time series (animation)
o Geovisualization environments

4. Uncertainty
o Uncertainty in image classification (sensitivity)
¢ Validation and accuracy assessment
o Uncertainty visualization

TEACHING AND LEARNING APPROACH

This course deepens the theoretical knowledge and practical skills regarding the extraction, analysis, and dissemination of geospatial
information. Theoretical lectures and flipped-classrooms will provide students with in-depth scientific knowledge of the methods and
(ungraded) supervised practical sessions will let students practice these skills. An individual assignment will test the student’s practical
knowledge on Geovisualization. Key to this course is a group assignment which integrates the various concepts taught in the lectures
and promotes peer-learning. Teams will work together to combine the different processes of extraction, analysis and dissemination into
a single practical project. Question hours and example exams will help students prepare for the final individual exam which tests the
theoretical knowledge acquired during the course.

TESTS

Group Assignment “Photogrammetry — Visualization/\Webmapping”
Individual Assignment “Geovisualization”
Written test (For approval, test grade should not be smaller than 4.0)

ENTRY REQUIREMENTS
Knowledge and skills as covered in the Core courses Geo-information Science and Modelling, Earth Observation and Data Integration:
Principles, Approaches and User perspectives.

Being able to develop solution strategies, high-level solution descriptions in pseudo-code, and translations of these into an
implementation in some programming language as covered in the course Scientific Geocomputing.

Knowledge and skills with respect to geodata curation, manipulation and transformation, transformational design, mathematics, spatial
data quality and cartographic design principles as covered in course Acquisition and Exploration of Geospatial data.
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2
LO3
LO4
LOS
LO6
LO7
LO8

Plan a photogrammetric mission with a focus on quality aspects of the results.

Utilize image orientation procedures for the generation of topographic products such as maps and Digital Terrain Models.
Assess requirements from an application perspective to select appropriate graphic representations to map changes.
Determine the requirements of 3d viewing environments, and explain the application of depth cues.

Explain the principles of web architectures and web services requirements for web/cloud applications.

Explain the role of Open Standards and use them for the creation and consumption of GeoWebservices.

Create GeoWebservices and associated web mapping clients for information dissemination

Evaluate and analyse the uncertainty of spatial datasets and model outputs, and choose the appropriate option to design an
effective uncertainty visualization.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 35
Supervised practical 20
Written/oral test 4
Individual assignment 16
Group assignment 24
Self-study 97
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SPECIALIZATIONS
TESTPLAN

Learning Outcomes that are addressed in the test

Assignment "Photogrammetry - Visualization/Webmapping"
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Learning outcomes (LO) of the course: The student will be able to... 2 &
LO1 Plan a photogrammetric mission with a focus on quality aspects of the results. [ ) [ ]
LO2 Utilize image orientation procedures for the generation of topographic products such as maps and Digital Terrain ° °
Models.
LO3 Assess requirements from an application perspective to select appropriate graphic representations to map ° °
changes.
LO 4 Determine the requirements of 3d viewing environments, and explain the application of depth cues. [ J [ ) [ ]
LOS Explain the principles of web architectures and web services requirements for web/cloud applications. [ ]
LO6 Explain the role of Open Standards and use them for the creation and consumption of GeoWebservices. [ )
LO7  Create GeoWebservices and associated web mapping clients for information dissemination [ J
LO8 Evaluate and analyse the uncertainty of spatial datasets and model outputs, and choose the appropriate option ° °
to design an effective uncertainty visualization.
Test type Assignment(s) Assignment(s) Written
examination
Weight of the test 40 20 40
Individual or group test Group Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test 4
Number of test opportunities per academic year 1 2 2
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SPECIALIZATIONS

IMAGE ANALYSIS

Course 201800302

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr.ing. H. Aghababaei (ITC)
INTRODUCTION

This course will offer a wide and general introduction to image analysis methods. These will allow you to enhance your ability to solve
geospatial information problems using a large variety of optical and radar images. Image processing methods from previous courses,
such as linear filters, feature-based DTM generation, and conventional hard pixel-based classification are extended towards a reliable
geo-information extraction in automatic settings. In this course, you will first learn about nonlinear filters for noise reduction while
maintaining the boundaries. Next, various morphological and segmentation methods for dealing with objects in images will be explored.
Fuzzy classification and spectral unmixing will be introduced to deal with uncertain objects. You will learn about decision tree and
random forest classifications, while you will compare. Further change detection techniques will be taught in addition to the post-
classification comparison and algebraic methods taught in the core, including strategies for dealing with gradual changes based upon
fuzzy classification and fuzzy objects. Image matching methods will be presented to automatically detect corresponding image
positions. Particular attention is given to area-based matching and feature-based matching. Also, you will learn about radar imaging
systems and SAR feature extraction methods. Finally, the consequences of scale and attribute uncertainty in images are addressed in
error propagation methods. After this course, you will have a good and overview of both optical and radar image processing methods.

CONTENT
1. Image processing: non-linear filters, mathematical morphology

2. Image segmentation (split-and-merge, mean shift)

3. Image classification and change detection methods for spatial and temporal geo-information extraction (fuzzy classification,
decision tree and random forest classifiers, change detection methods including vague objects)

4. Image orthorectification, orthophoto
5. Image matching including area based and feature based methods and Dense matching methods
6. Basics of radar image analysis (Radar Imaging systems, polarimetric feature extraction and vegetation indices)

7. Error propagation and scale and attribute uncertainty

TEACHING AND LEARNING APPROACH

Image analysis requires a mixture of theoretical concepts and practical skills. The subjects will be introduced in lectures and applied in
practical classes. As a preparation for lectures, reading textbook material will be recommended on some subjects. In addition, on some
other subjects reading research articles will be recommended after the lecture to go deeper into the subject.

Practical classes will consist of a mixture of a demo by an instructor, individual work following written instructions and summarizing the
outcome of the exercise in a class. In practical class students are supposed to work with existing programming codes and modify
these (to a limited degree). In this way the students can get insight in the intermediate stages of the image analysis algorithms and
make decisions on the outcomes. In these summaries reflection on theoretical concepts will be done. In this way a solid integration of
theory and practice will be achieved.

TESTS
A written test with questions on several subjects taught in the course.
An individual assignment on mainly image matching, possibly including also other subjects.

An individual assignment on mainly image classification, possibly including also other subjects.

ENTRY REQUIREMENTS
¢ Basic programming knowledge (basic programming skills in Python and R are required).
¢ Basic knowledge of remote sensing, including images, channels and bands, and influence of atmosphere.
¢ Basic knowledge of photogrammetry including image orientation, DTM, or DSM extraction.
¢ Basic image processing knowledge on subjects like linear filters, image classification, classification assessment (error matrix,
kappa coefficient),

The above topics are mostly covered in the following courses:

¢ Scientific Geocomputing,
¢ Acquisition and Exploration of Geospatial Data and the course Extraction, Analysis and Dissemination of Geospatial
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2
LO3

LO4
LOS
LO6
LO7

Develop an image processing chain using non-linear filters and mathematical morphology operations for automatic information
extraction from images in the context of a given problem.

Choose and apply a segmentation method to a given image and describe the uncertainty of the obtained result

Make informed decisions on the best classification and/or change detection method for a given set of images and a specific
problem

Apply orthorectification to derive orthophoto

Make informed decisions on appropriate image matching method for a given type of data and problem

Explain the basic principles of radar images and utilize them for geospatial information extraction.

Evaluate attribute and scale uncertainty and relate it to the quality of derived orthophotos, accuracy of resulting image
classification, and matching

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 42
Supervised practical 32
Written/oral test 2
Individual assignment 40
Self-study 81
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TESTPLAN

LO1

LO2

LO3

LO4

LOS

LO6

Lo7

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Develop an image processing chain using non-linear filters and mathematical morphology operations for

automatic information extraction from images in the context of a given problem.

Choose and apply a segmentation method to a given image and describe the uncertainty of the obtained result

Make informed decisions on the best classification and/or change detection method for a given set of images

and a specific problem

Apply orthorectification to derive orthophoto

Make informed decisions on appropriate image matching method for a given type of data and problem

Explain the basic principles of radar images and utilize them for geospatial information extraction.

Evaluate attribute and scale uncertainty and relate it to the quality of derived orthophotos, accuracy of resulting

image classification, and matching

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Written test

Written

examination

50

Individual

1-10

Ind assignment Image Classification

Ind assignment Image Matching

Assignment(s) Assignment(s)

25

Individual

1-10

25

Individual

1-10
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INTEGRATED GEOSPATIAL WORKFLOWS

Course 201800301

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr.ir. R.L.G. Lemmens (ITC)
INTRODUCTION

A crucial practical demand lies in converting geodata into usable and actionable geo-information that supports decision-making at
various scales and that can be further processed to generate knowledge. As a consequence, scientific workflows, semantic models
and effective infrastructures become more important for knowledge sharing and ensuring reproducibility.

This course covers the emerging methods for meaningfully integrating geospatial data through workflows in different application
contexts and connect different types of data into a spatial data infrastucture (SDI) on the Web.

CONTENT

1. Characteristics and curation of structured and semi-structured data sources
o Data source differentiation (Authoritative data, Sensor data, Crowdsourced data, Geosocial media)
o Data quality
o Data pro-processing
2. Semantic information integration
o Introduction to knowledge formalization (Semantic web, Ontologies, Linked data)
o Semantic enrichment
s Exploratory querying
3. Scientific workflow & process modelling
o Process logic
> Reproducibility, versioning, performance
o Workflow languages and systems
4. Web service exploitation
o Web frameworks
o Client-side visualisation techniques
> Model-View-Controller (MVC)
5. Infrastructural system design
o Spatial Data Infrastructures
o User-centric design
o Interoperability
» Data discovery

TEACHING AND LEARNING APPROACH

Students will be confronted with problems from reality in which the integration of heterogeneous data sources is key to derive
meaningful information.

The conceptual understanding will be built by the students by creating a concept map within the Living Textbook, based on selected
literature.

After learning the principles (through lectures and reading papers) and applying existing tools, they will use their coding experience to
create a mini SDI as a proof of concept.

Students will need to critically reflect in a report and in a presentation on the tools which they used and identify their potential,
limitations and scalability.

TESTS

The conceptual knowledge of the student will be evaluated by means of contributions to the Living Textbook and a written exam.
The practical skills will be judged based on the results of assignments, a mini-research and an end-project through presentations and
reports. See test plan for balance of weights.

ENTRY REQUIREMENTS

Knowledge and skills as covered in the courses Scientific Geocomputing, Acquisition and Exploration of Geospatial Data and the
course Extraction, Analysis and Dissemination of Geospatial Information.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Analyse the quality of structured and semi-structured data sources and apply coding solutions for the storage, querying and
curation of this data, appropriate for specific application contexts.

LO 2 Apply semantic information integration through knowledge formalisation, semantic enrichment, exploratory querying and data
mining.

LO 3 Construct interoperable and reproducible geospatial workflows based on process modelling methods and workflow languages.

LO4 Create webservices and visualise their content systematically.

LO5 Make informed decisions on the infrastructural system design for enabling meaningful data integration on the web.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 40
Tutorial 16
Written/oral test 3
Individual assignment 16
Group assignment 17
Self-study 80
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TESTPLAN

LO1

LO2

LO3

LO 4

LO5

Learning outcomes (LO) of the course: The student

will be able to...

Analyse the quality of structured and semi-structured data
sources and apply coding solutions for the storage, querying
and curation of this data, appropriate for specific application

contexts.

Apply semantic information integration through knowledge
formalisation, semantic enrichment, exploratory querying and

data mining.

Construct interoperable and reproducible geospatial workflows
based on process modelling methods and workflow

languages.

Create webservices and visualise their content systematically.

Make informed decisions on the infrastructural system design

for enabling meaningful data integration on the web.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Oral exam on all content

Oral

examination

20

Individual

1-10

Living Textbook conceptualization

Assignment Semantic integration

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Assignment Workflow modeling
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Assignment(s) Assignment(s) Assignment(s) Assignment(s) Assignment(s)

20

Individual

1-10

10 10 15 25
Individual Individual Group Group
1-10 1-10 1-10 1-10
1 1 1 1
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SCIENTIFIC GEOCOMPUTING

Course 201800280

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr.ir. R.A. de By (ITC)
INTRODUCTION

Recent advancements in information-gathering technologies have resulted in the production of high volume, diverse and versatile
spatial data. Satellite imagery, Unmanned Aerial Vehicles (UAV), Global Positioning Systems (GPS), GPS-enabled handheld devices,
and Location-based Social Networks are generating various spatial and spatiotemporal data on a daily basis. Such a diversity of data
has opened a new window toward tackling a wide range of significant problems that had been out of reach a decade ago.

Dealing with such voluminous and versatile data sources and extracting information and knowledge from those datasets requires
exploiting methods and building custom solutions beyond those already provided by off-the-shelf GIS tools. The ability to construct
custom solutions and techniques is an essential capability of the Geoinformatics specialist, who should be competent in addressing
geospatial problems through scientific programming. Scientific programming allows us to access different data sources, manipulate
the underlying data, and freely apply different sorts of analysis to our data. Scientific Geocomputing is an introductory course in which
you will learn basic scientific programming concepts, focusing on spatial data manipulation, analysis, and visualization. The course’s
programming language is Python, but throughout the Geoinformatics specialization, you will learn to implement your algorithms using
also other programming languages.

The course starts with an introduction to Python syntax, its data, and control structures. In parallel, you'll learn about solution strategies
and algorithmic thinking so that you can improve your problem-solving skills. You will get familiar with several libraries that are used to
manipulate high-dimensional data in the data science community. The course introduces you to the most important programming
libraries that can handle and analyze spatial data in raster and vector formats. Also, you will learn about spatial database management
systems (SDBMS) and how you can store, retrieve, and manipulate spatial data in such a system. You will learn about data
visualization and how you can present the outcomes of your analysis in the form of maps, graphs, and charts using programming
libraries. We will discuss the scientific side of programming by introducing literate programming, which emphasizes code
documentation, and the FAIR principles of scientific data management, which apply to data and code.

CONTENT

. Python data types, variables, expressions, functions, and data manipulation

. Control flow in Python

. Object-oriented programming in Python

. Literate programming: interwoven documentation and coding and Jupyter Notebook principles
. Spatial data types (simple vector features, image types)

. Spatial database operation

. Scientific programming libraries

. Libraries for spatial data handling

. Principles of scientific data visualization (charts and maps)

10. Principles of web mapping

11. Algorithmics: computational abstractions, problem classes, time and data complexity, algorithm design, and analysis
12. Supervised exercises

13. Learn, Code, Join, Share session

O©CoOoO~NOOOWN-=

TEACHING AND LEARNING APPROACH

The student should expect a course that aims to bring professional and scientific skills in computational work with geospatial data.
Short but intensive lectures bring the theoretical background, which is separately examined. Extensive practicals aim for the student to
learn alone but also together and to share with peers in what is learned; students will be asked to explain their problems and solutions in
the practical sessions. These practicals prepare for a batch of skills tests that each student executes individually during the course. A
final skills test is executed at course end.

TESTS

Written test: one on theory, open book, but not open internet (30%)

Written test: one on coding skills, closed environment (40%)

Group assignments: two formative assessments for two-student groups, on separate topics (20% total)*
Self-reflection report (10%, double as course evaluation)*

*: No resit opportunity offered.

ENTRY REQUIREMENTS
Core modules of ITC Master’s program in Geo-Information Science and Earth Observation (M-GEO)

Note: The course design assumes no previous scripting/coding experience.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2
LO3
LO4
LOS

LO6
LO7
LO8
LO9

List and memorize the basic syntax of the programming language

Explain mathematical notions in well-structured algorithms and understand their computational complexities

Apply the knowledge of algorithmics and literate programming in code development to solve problems with spatial components
Use spatial databases to load, curate and otherwise manipulate spatial data in database management systems

Use the notions of scientific data visualization and web mapping to demonstrate the outputs of their programs to increase
understandability and interpretability

Read and analyze code that other programmers developed

Critically evaluate and fix program logic and correctness through reading, back-tracking, testing and debugging cycles
Develop programs to analyze spatial data in raster and vector formats using dedicated libraries

Learn new programming libraries, from scratch, without direct help from instructors and use those libraries in designing and
formulating their solutions

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 42
Supervised practical 32
Written/oral test 10
Individual assignment 24
Self-study 84
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able - o~ © < $
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LO 1 List and memorize the basic syntax of the programming language [ ] [ ]
LO2 Explain mathematical notions in well-structured algorithms and understand their
[ J ([ [ J
computational complexities
LO3  Apply the knowledge of algorithmics and literate programming in code
[ J [ J ([ [ [ J
development to solve problems with spatial components
LO4  Use spatial databases to load, curate and otherwise manipulate spatial data in
[ J ([ [ [ J
database management systems
LO5 Use the notions of scientific data visualization and web mapping to demonstrate ° ° °
the outputs of their programs to increase understandability and interpretability
LO6 Read and analyze code that other programmers developed [ ] [ J [ J
LO 7  Critically evaluate and fix program logic and correctness through reading, back- ° °
tracking, testing and debugging cycles
LO 8 Develop programs to analyze spatial data in raster and vector formats using
[ [ [ J
dedicated libraries
LO9 Learn new programming libraries, from scratch, without direct help from °
instructors and use those libraries in designing and formulating their solutions
Test type Written Written Assignment(s) Assignment(s) Assignment(s)
examination examination
Weight of the test 40 30 10 10 10
Individual or group test Individual Individual Group Group Individual
Type of marking 1-10 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 1 1 1
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CADASTRAL DATA ACQUISITION TECHNOLOGIES AND
DISSEMINATION METHODS

Course 201800294

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. M.N. Koeva (ITC)
INTRODUCTION

Land Informatics is the science and technology that deals with the creation, maintenance, and dissemination of land information. It
uses the existing structures of geoinformatics to design fit-for-purpose land administration systems. 3D Cadastres are land
administration concepts, technologies, and systems that deal with the height dimension. Moreover, the use of ICT, open source,
proprietary and web-based services, have seen an emergence of innovative cadastres. They can efficiently support unconventional
land administration through documentation and management of land rights.

This course aims to provide contemporary knowledge, hands-on experience, and implementation know-how in land informatics and 3D
Cadastre using innovative tools. Through practical sessions, students obtain experience and a better understanding of the possible
innovations and their applications. Their relevance for different country contexts and scenarios are evaluated.

CONTENT

¢ Technical aspects of societal challenges relating to 'land grabbing', food security, climate change, and rapid urbanization;

¢ Geodetic science for land administration, including models of earth, dates, coordinate systems, projects, conversion,
transformation, and control networks;

e Cadastral surveying and demarcation theories, including fit-for-purpose approaches, boundary options, monuments and
identifiers, whole-to-part / part-to-whole, 3D options, establishment, maintenance, and renewal;

¢ Global navigation satellite systems (GNSS) for land administration, including GPS signals, segments, satellites, ranging
techniques (inc. DGPS), mobile mapping, receiver types, quality, errors, and positioning infrastructure;

¢ Hands-on on Free and Open Source software/tools for land tenure documentation;

¢ Imagery for land administration including aerial imagery, orthophotos, satellite imagery, terrestrial imagery, UAV imagery, LIDAR
and Laser Scanning and oblique imagery;

* Cadastral data rejuvenation including scanning, digitizing, and georeferencing of maps, sketches, and legal documents;

* Integrated technology designs for land adjudication, surveying, demarcation, and recording.

¢ 3D modelling, BIM for 3D Cadastre and smart cities

¢ Web platforms that facilitate open and transparent land administration - Crowd Sourced Cadastres;

* Web architectures, web services; open systems; static and dynamic geo-services; client/server components for web service
implementation;

¢ Case studies from the professional experiences of students.

TEACHING AND LEARNING APPROACH

¢ Active learning approach will be applied to the lectures with more theory

e Lectures are supported by PPT and references to reading material

¢ The students are asked to write a project proposal for a tender applying the theoretical knowledge obtained from the lectures in a
group assignment

TESTS
Test: 40%

Group assignment: 40%

Individual assignment: 20%

ENTRY REQUIREMENTS

Basic land surveying skills and knowledge, and operational knowledge of ESRI ArcGIS, ERDAS, and Microsoft Office. Intermediate
knowledge of cadastres, land registration, land information systems. Basic notions of conceptual modelling.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain current demands, challenges and opportunities in the domains of land informatics and 3D Cadastres.

LO2 Compare modern geospatial, photogrammetric and 3D modelling technologies and their application in land informatics and 3D
Cadastre.

LO 3 Formulate and assess integrated technological solutions for adjudication, surveying, demarcation, and recording in various
contexts.

LO4 Justify and defend the importance of alternative techniques for capturing cadastral/tenure information

LO5 Explain the principles and provide examples of web architectures, web services and open systems in real life geo-information
value chains.

LO6 Create static and dynamic geo-services using web frameworks for the creation of web applications that consume geo-services.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD
Teaching / learning method

Lecture

Supervised practical

Study trip

Written/oral test

Group assignment

Individual assignment

Self-study

Hours
52
40

30
16
51

SPECIALIZATIONS

76



SPECIALIZATIONS

TESTPLAN

LO1

LO2

LO3

LO4

LOS

LO6

Learning Outcomes that are addressed in the test

- ~N el
- - -
Learning outcomes (LO) of the course: The student will be able to... § E E>
Explain current demands, challenges and opportunities in the domains of land informatics and 3D Cadastres. [ ] [ J
Compare modern geospatial, photogrammetric and 3D modelling technologies and their application in land °
informatics and 3D Cadastre.
Formulate and assess integrated technological solutions for adjudication, surveying, demarcation, and recording ° °
in various contexts.
Justify and defend the importance of alternative techniques for capturing cadastral/tenure information [ ] [ ]
Explain the principles and provide examples of web architectures, web services and open systems in real life ° °
geo-information value chains.
Create static and dynamic geo-services using web frameworks for the creation of web applications that ° °
consume geo-services.
Test type Written Assignment(s) Assignment(s)
examination

Weight of the test 40 40 20
Individual or group test Individual Group Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 2
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LAND INFORMATION SYSTEMS AND MODELS

Course 201800286

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. M.C. Chipofya (ITC)
INTRODUCTION

Land information systems are systems for acquiring, processing, storing, and distributing information about land. They may contribute
to secure land tenure or support land valuation, land use planning and land development. Despite contextual differences between
countries, there are fundamental concepts that apply to all land information systems. The main objective of this course is to discover,
apply, and assess these concepts and technologies — and inspire students to deploy them in the creation and maintenance of scalable
real-world land information systems.

The course focuses on the modeling of data and processes for the implementation of Information Systems for Land Administration. It
therefore has two integrated series of lectures: one focusing on data modeling and implementation in a spatially enabled database
management systems; the other focusing on the identification and modeling/design of software functionalities that support land
administration processes. These two parts are linked together by a practical LIS prototyping workshop.

CONTENT
¢ Overview of Information Systems and Land Information Systems
¢ |nformation Systems development and the software process (incl. tools and specific methodologies)
¢ Introduction to requirements engineering
¢ Fundamental concepts for land information systems (modelling; design and architectures; transactions and processes; users and
contexts)
¢ Business and information process modelling with the Unified Modelling Language (UML):
s Use case diagrams
s Information flow diagrams
o Activity diagrams
¢ Principles of spatial database design:
o Fundamentals of the relational data model
o Object-relational modelling
¢ Domain modeling with the Unified Modelling Language (UML):
o Class diagrams
o Object/Instance diagrams
¢ Model driven architecture
¢ Spatial data manipulation and access using SQL (implementing transaction concepts; database management)
¢ Land Administration Domain Model (ISO LADM)
¢ Prototype Land Information System Development (incl. transaction designs using database and geo-ICT)
¢ Advanced concepts (key registers; webservices; front office; back office; one stop shop)
¢ Future developments for LIS.

TEACHING AND LEARNING APPROACH

This course is taught through lectures and hands-on activities presented as exercises. An individual assignment and a group
assignment evaluate learning of practical skills and an exam assesses the students’ understanding of concepts introduced in the
course. Exercises and assignments are performed using software introduced during lectures or supervised practical sessions and,
where possible, real-world data-sets are used.

The group assignment is completed as part of the LIS Workshop during which student groups develop a software prototype that
implements one or more land administration processes using the Scrum method. The Scrum approach, used in most modern software
development projects, is introduced at the beginning of the course. Students have the opportunity to practice using the Scrum method
in exercises.

TESTS
Oral test: 25%

Individual assignment: 25%

Group assignment:  50%
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ENTRY REQUIREMENTS
Experience in Land Administration or motivated to work in this domain. It is an advantage to have:

o followed the course Responsible Land Administration, or
¢ a basic understanding of Geographic information models, or
* experience/background/knowledge in an ICT or IS field

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2
LO3
LO4

LOS

Explain in detail the role of information systems for land administration.
Identify, describe, and apply the phases of the system development life cycle.
Apply principles, concepts, methods, tools and standards for the design and application of data models.

Apply principles, concepts, methods, tools and standards for the design and implementation of functionalities and processes in
an information system.

Design, develop and perform operations in a prototype LIS.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 36
Supervised practical 42
Individual assignment 24
Group assignment 48
Self-study 42
Written/oral test 4
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... S & 2
LO 1 Explain in detail the role of information systems for land administration. [ J
LO2  Identify, describe, and apply the phases of the system development life cycle.
LO 3  Apply principles, concepts, methods, tools and standards for the design and application of data models. [ J [ ] [ J
LO 4 Apply principles, concepts, methods, tools and standards for the design and implementation of functionalities and ° ° °
processes in an information system.
LOS Design, develop and perform operations in a prototype LIS. (]
Test type Oral Assignment(s) Assignment
examination
Weight of the test 25 25 50
Individual or group test Individual Individual Group
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 1

82



SPECIALIZATIONS

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ORGANIZING LAND INFORMATION

Course 201800305

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. D. Todorovski (ITC)
INTRODUCTION

Land administration has long been executed through state-based agencies such as cadastral departments, land registry offices,
ministries of land, or local governments with their own analogue or digital data repositories. These organizations do not act in a vacuum
but within larger institutional fields and forces. The broader environment of land governance, in which public organizations operate, is
characterized by the interactions of multiple state and non-state actors, formal and informal practices, a multitude of regulatory
frameworks and increasing global interconnectivity. This environment has been witnessing public sector reforms and increased
adoption of (geo)Information and Communication Technologies (ICT), including automatization techniques, mobile device-generated
data, crowdsourcing and advanced remote sensing technologies. In many places, more established forms of organizing meet the latest
technological developments. While some organizations are beginning to digitize paper-based workflows, others may function through
highly automated and digitized processes. At the same time, information technologies and digital data are not merely neutral tools, but
they reflect, transport and transform the practices and values of organizations and institutional fields.

It is important therefore to understand and learn how to describe, explain, and assess organizational change in response to changing
environments, (geo-)ICT implementation using workflows and related forms of data sharing, uses and dissemination.

CONTENT

1) Responsible Land Administration and Information in Practice

Topics:

¢ Principles, Challenges and Opportunities for land administration and information
¢ Public administration and organizational concepts

e Capacity development and monitoring change

¢ Tools to improve land administration effectiveness

¢ Land information management principles

Related activities (including formative assessment moments):

¢ non-assessed assignments/case studies
o Written exam

2) Organizational change and ICT
Topics:

¢ Metaphors of organizations

¢ Describing organizational structure and process

¢ Re-engineering the organization

¢ Responsible data management as a driver of organizational change

¢ Co-shaping between organizational change and ICT implementation
Related activities (including formative/summative assessment moments):

¢ SWOT analysis workshop
¢ Engineering workflows: workflow modelling assignment

3) Organizing in open data environments
Topics:

¢ Access to, integration and dissemination of geo-information
¢ Responsible data management
¢ Open data and data protection

Related activities (including formative/summative assessment moments):

¢ Focus group about the balance between open data/data protection, and
¢ Individual assignment on organizing land informatio in digital environments
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TEACHING AND LEARNING APPROACH

In this course, the institutional and technical processes involved in organizational change are addressed from an institutional
perspective and from applied technology angles as stated in the introduction. To grasp these insights and their relevance lectures are
complemented by student-led activities, including the analysis of relevant literature and discussions, and application of organizational
assessment and strategy building frameworks. The applied technology angle of the course is addressed through two extensive practical
periods with assignments (ca. 1/2 of the allocated time of the course), during which students will acquire and apply technological skills
to manage organizational workflows and to analyse web services for spatial data provision. Through the incorporation of literature
analysis activities, focus group and interview methods into activities and assignments the course also provides opportunity to learn and
practice research skills that are applicable beyond the specific course content and prepare students for their MSc research phase if
they chose to proceed with qualitative research methods.

Reccommended reading: Module 4 Responsible Land Administration Information in Practice from the UN-Habitat GLTN Teaching
essentials for Responsible Land Administration (https://elearning.gltn.net/ - students should open an account on GLTN web site in order
to download the Module 4)

TESTS

o Written exam: 30%

¢ Individual SWOT assignment: 20%
¢ Individual WFMS assignment: 30%
¢ Individual assignment: 20%

ENTRY REQUIREMENTS
¢ Understanding and knowledge of basic land administration concepts and principles
¢ Basic critical reading/writing ability and analytical skills
¢ Fluency in using computers and online data searches
« Affinity with and/or openness towards learning the techniques of workflow digitalization
¢ Desire to understand both institutional and technical dimensions of the organizational processes

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 know about and be able to critically assess organizational implications of ICT implementation and responsible data
management.

LO2 systematically assess an organization and its environment in order to develop a change strategy.

LO 3 critically discuss and evaluate opportunities and risks of digital data environments from instituional and technical perspectives.

LO4 create a model to manage an organization's workflows to improve spatial data sharing.

LO5 Describe and apply, the key principles, challenges and opportunities for responsible land administration and information
management and interpret how can they be implement into practice.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 20
Supervised practical 38
Tutorial 22
Written/oral test 6
Individual assignment 34
Group assignment 16
Self-study 60
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LO1

LO2

LO3

LO 4

LOS

Learning outcomes (LO) of the course: The student will be able to...

know about and be able to critically assess organizational implications of ICT

implementation and responsible data management.

systematically assess an organization and its environment in order to develop a change

strategy.

critically discuss and evaluate opportunities and risks of digital data environments from

instituional and technical perspectives.

create a model to manage an organization's workflows to improve spatial data sharing.

Describe and apply, the key principles, challenges and opportunities for responsible land
administration and information management and interpret how can they be implement into

practice.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Literature Analysis

SWOT Analysis
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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RESPONSIBLE LAND ADMINISTRATION

Course 201800279

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. M.N. Lengoiboni (ITC)
INTRODUCTION

This course introduces land administration in the context of land policy and sustainable development using the land management
paradigm as an initial guiding framework.

The land management paradigm stresses the relationship between land policy and land administration functions — land tenure, land
value, land use and land development — and the wider societal goals.

The economic, environmental, and social drivers underpinning land policy development are examined, with an emphasis on the need
for securing land rights for all.

Based on the core notion of the people-to-land relationship, land tenure, land rights, land law, security of tenure, and systems of land
registration and cadastre are addressed.

New insights in acknowledging and securing land rights, new societal drivers and innovative technical solutions challenges conventional
forms of land administration. The course therefore addresses both conventional and innovative ways of securing land rights, promoting
a paradigm shift towards responsible land administration.

The course relates state-of-the-art scientific knowledge to students' experiences, perceptions and country context.

CONTENT
Units

Concepts and context

e Land and Land administration defined

¢ Societal aims

¢ Institutional functions and aims

e Major challenges in Land Administration
¢ Land Management Paradigm

¢ Towards Responsible Land Administration
¢ Evaluating land administration projects

Land Policy Framework

¢ Land Policy
e Land Law

Land Tenure

¢ People-to-land relationship

¢ Land tenure security

e Land tenure systems

¢ Land rights

* Women'’s Land Rights and vulnerable groups/slums & informal settlements

Land Management and Development

e Land use

e Land value

¢ Land taxation

¢ Land markets

¢ Land consolidation

¢ Land readjustment

¢ Land expropriation and compensation
e Land reform

Land Registration

¢ Adjudication

¢ Regularization

¢ Registration and Cadastre

¢ Up-dating/maintaining

¢ Towards Fit-for-Purpose land registration
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TEACHING AND LEARNING APPROACH

The educational approach applied in the course is based on the principles of experience-based learning. Students' experiences and
tacit knowledge are an important source of learning. Systematic analysis of these experiences will be combined with scientific
knowledge and critical reflection.

The course is characterized by a blend of lectures, guest lectures, videos, games and individual and group exercises (reading
assignments, poster development, presentations and discussions).

TESTS

o Written test (closed book, with an opportunity for resit in case of fail): 55%

¢ Land Administration Country Case (assignment): 35%  Since the portfolio of completed practical assignments is very time-
consuming, there is only one full test opportunity per academic year. However, students can repair the first attempt, leading to a
max of 6 points for this assignment.

¢ Post reading discussions: 10%

ENTRY REQUIREMENTS
Experience in land administration or motivation to work in land administration.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Explain and discuss the concept land administration and examine the impact of land administration projects on land tenure.
LO 2 Justify and defend the importance of responsible land administration.

LO 3 Compare and contrast different approaches in securing land tenure and related systems of land registration in different
countries

LO4 Evaluate the role of land administration in land management and land development.
LO5 Propose and integrate responsible land administration measures in support of the conventional land management paradigm.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 35
Supervised practical 5
Tutorial 21
Study trip 7
Written/oral test 9
Individual assignment 32
Group assignment 14
Self-study 73
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS5

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Explain and discuss the concept land administration and examine the impact of land administration projects on

land tenure.

Justify and defend the importance of responsible land administration.

Compare and contrast different approaches in securing land tenure and related systems of land registration in

different countries

Evaluate the role of land administration in land management and land development.

Propose and integrate responsible land administration measures in support of the conventional land

management paradigm.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Written test

Written

examination

55

Individual

1-10

Land Administration Country Case

Assignment(s)

35

Individual

1-10

Post reading discussions

Presentation(s)

10

Individual

1-10
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DISASTER RISK MANAGEMENT

Course 201800304

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator prof.dr. C.J. van Westen (ITC)

INTRODUCTION

The knowledge of hazardous processes and the ability to predict their occurrence in terms of intensity and frequency and their
interaction are important requirements to quantify their impact on society. This module focuses on the analysis of the risk, its
evaluation, and its use in decision making for different disaster management phases.

The assessment of risk is a very multi-disciplinary field, that requires knowledge on hazards (types, frequency, intensity, modeling
methods), elements-at-risk (types, classification, data collection, quantification), vulnerabilities (physical, social, environmental,
institutional), capacities (to predict, cope, and recover) and resilience. Risk could be expressed as qualitative classes, risk matrices, or
quantified as expected losses (e.g. monetary values, population).

Qualitative and/or quantitative risk assessment is used as a basis for different types of decision-making by various stakeholders, with
different objectives: evaluating different risk reduction planning alternatives; link meteorological forecasts with loss estimation in impact-
based forecasting; analyze post-disaster reconstruction alternatives in order to “build-back-better”, and increase the resilience. From
the perspective of a continuously changing world, driving forces such as climate change, socio-economic development, population
growth, and land-use change will put pressure on society, and require that risk is analyzed for future scenarios in order to plan wisely.

CONTENT

The course is organized in two main blocks: one block that leads towards the quantitative analysis of risk, and the other block that uses
risk information for decision making in different disaster management phases.

The first block gives an overview of the methods to generate elements-at-risk databases, with a focus on buildings and population.
Several methods for evaluating physical vulnerability are introduced, with a focus on building vulnerability for flooding and earthquakes.
Also, social vulnerability assessment with the use of multi-criteria evaluation is treated. Different approaches for analyzing risk are
presented, depending on the availability of input data, the scale of analysis, and objectives.

The second block starts with a discussion on the evaluation of risk, and risk acceptability. The requirements of different stakeholders
for risk information are discussed. Risk information can be used for risk reduction planning, and cost-benefit analysis is applied to
compare various alternatives. The use of risk information is also presented for early warning applications, as impact-based
forecasting. Damage assessment methods are treated to validate loss estimation, and the use of risk information in disaster
reconstruction planning is presented. Finally, also changes in risk due to climate change, population change, and land-use change are
treated.

TEACHING AND LEARNING APPROACH

Students will be encouraged to find creative solutions in the use of models, data, and concepts taught as well as state-of-the-art
literature and consultation of in-house experts. Introductory lectures are given by teachers that give an overview of the particular topic
and guide students with respect to main methods and techniques. For most of the topics treated, an accompanying GIS exercise is
offered, in which students can apply what was taught. The exercises contain also advanced sections, where students are further
challenged to come up with new solutions. Answer sheets are provided for each of the exercises. Most of the exercises relate to
RiskCity, a (partly) hypothetical case study city in a developing country that is exposed to multiple hazards (earthquakes, floods,
landslides, technological hazards). Several larger case studies are included where students work in small groups on a particular
problem in a real case study related to risk assessment. Students build up a portfolio of assignments.

The teaching approach contains:
1 - Keynote lectures to introduce key concepts and principles
2 - Supervised practicals to bring the knowledge into practice using a range of tools
3 - Tutorials for personalized and plenary feedback and to explore more independently the use of knowledge and tools
4 - Project work, either individual or group projects
TESTS
¢ Group project on multi-hazard risk assessment (30 %)
e Group presentation on risk mitigation options in the Netherlands (15%)

¢ Individual Final project (report) (30 %)
¢ Small tests (quiz) and assignments on individual topics (25 %)

ENTRY REQUIREMENTS

Compulsory for the ‘Natural Hazards and Disaster Risk Reduction’ (NHR) specialization of the ‘Geo-information Science and Earth
Observation (M-GEO) programme.

Students from other specializations and programmes should have introductory level experience with GIS and Remote Sensing, and a
background in earth sciences, geography, environmental science or civil engineering.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4
LOS5

Develop a deeper understanding of the risk components (hazard, exposure, vulnerability, capacity, and resilience), and the way
these are combined for different types of risk.

Generate and select relevant spatial and temporal data for risk assessment at specific scales of analysis and for specific
objectives.

Utilize and evaluate appropriate methods for integrated qualitative and quantitative risk assessment.

Apply risk information for different disaster management phases to make society more resilient.

Communicate effectively on risk and hazard information to a professional and non-professional audience.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 35
Tutorial 4
Study trip 16
Written/oral test 0
Individual assignment 28
Group assignment 20
Self-study 69
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LO1

LO2

LO3

LO4

LOS

Learning outcomes (LO) of the course: The student will be able to...

Develop a deeper understanding of the risk components (hazard, exposure, vulnerability,

capacity, and resilience), and the way these are combined for different types of risk.

Generate and select relevant spatial and temporal data for risk assessment at specific scales

of analysis and for specific objectives.

Utilize and evaluate appropriate methods for integrated qualitative and quantitative risk

assessment.

Apply risk information for different disaster management phases to make society more

resilient.

Communicate effectively on risk and hazard information to a professional and non-professional

audience.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

written test
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individual project assignment

Assignment(s) Assignment(s) Assignment(s)

30

Group

1-10

15

Group

1-10
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INTRODUCTION TO DISASTER RISK AND DATA INPUT FOR HAZARD
MODELLING

Course 201800276

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator prof.dr. N. Kerle (ITC)
INTRODUCTION

This course will provide a fundamental introduction to natural hazards and the disaster risk concept, as well as the role of geomatics, in
particular remote sensing (RS). It builds on the knowledge students gained in the core courses on basic RS and GIS principles, and
expands it. The course aims at creating a knowledge base for the other hazard modelling and risk management courses and electives
in the NHR specialization, by enabling the students to develop a solid understanding of the main geohazard types, and all relevant
conceptual aspects of disaster risk. Students will learn how geo-information and geomatics tools are uniquely suited to study, monitor
and quantify each aspect of risk and disasters. Following an introduction to the main hazard types and their core properties, students
will dissect past disaster events to discover the nature and properties of the underlying hazards and vulnerabilities, and learn how in
particular RS provides comprehensive and specifically tailored means to gain insights into the risk components for different hazards
and environmental settings. The course runs in parallel to the Statistically-based Hazard Modelling course (Q2.2), and both are closely
coupled. Particular attention will be given to the generation of input data for hazard modelling, including image-based indices and
topographic derivatives. Relevant background information on soils, geology and landforms as drivers of hazards will also be provided.
Academic skills will be taught together with this course in an integrated manner.

CONTENT

The course will start with background information about disasters worldwide, their frequencies, consequences and significance, as well
as trends, also in the context of climate change. The principal hydrometeorological and geohazards will be introduced in terms of their
characteristics, origins and dynamics, in particular in relation to landforms, geology and geomorphology (terrain information), as well
as land cover and land use, and the use of remote sensing. The basic origins and drivers of geohazards will be introduced in a plenary
setting, together with the other NHR lecturers, providing both hazard modelling and risk management perspectives. The learning will
then continue in parallel with Q2.2, and will be partly project-based, whereby students in groups start with past disaster events of
different types and work backwards to unravel the constituent elements, as well as how RS has already been operationally employed in
the specific disaster type context, and what additional potential it has. As different forms of hazard modelling are introduced in Q2.2,
the sources of the needed input data, derived from different geospatial data types, as well as their properties related to scale and
quality are introduced. Terrain will be treated as a fundamental environmental information layer with immediate explanatory significance
for all risk components. For that reason the creation and use of elevation models, including through the use of UAVs, will be treated in
detail. Relevant advanced image analysis techniques will be introduced and practiced. Group-based reporting and discussions will play
a prominent role. In addition an excursion is foreseen to a nearby quarry in Germany, where data acquisition with different instruments
will be demonstrated and practiced, though this will depend on Covid-related restrictions that prevented a field visit in the last 2 years.

TEACHING AND LEARNING APPROACH

The course is based on student-centered learning principles, whereby students will be enabled to cut though the complexity of natural
systems, risk situations and disaster scenarios in this case, and learn to identify relevant questions to understand complex systems. In
a project-based setting students will work backwards from a disaster event to discover the genesis of the event through understanding
of the conceptual elements. The aim is for students not only to learn about theoretical aspects of different hazard and disaster types,
but to understand the conceptual links, and to gain the ability to apply the risk concepts to different contexts and scales. A further aim
is to enable the students to identify relevant questions before sourcing answers, including from other ESA staff members. There will
further be emphasis on presentations (including groups to each other) and critical discussion. At critical points students will receive
lectures, but the course is more strongly aimed at self-discovery of relevant facts, concepts and methods. Select RS analysis methods
will be taught in a practical setting, while others will be discovered as part of the group work. In addition, skills related to the use of
different data acquisition techniques will be gained during a field excursion. With courses Q2.1 and 2.2 running in parallel, the
teaching of different modelling techniques will be aligned with the introduction relevant key input data, and some classes will be done in
a plenary setting, involving different NHR teachers. Research skills will also be incorporated into the course where appropriate, rather
than taught in parallel.

TESTS

Individual assessment will be based on: Final test (70%, closed book), group-based reporting, including written report and
presentations/ discussions (30%). For the exam a second test opportunity will be provided (up to full marks), while for the group project
a repair option will be offered (maximum score of 6).

ENTRY REQUIREMENTS

Compulsory for the ‘Natural Hazards and Disaster Risk Reduction’ (NHR) specialization of the ‘Geo- information Science and Earth
Observation (M-GEQO) programme. Students from other specializations and programmes should have introductory level experience with
GIS and Remote Sensing, and a background in earth sciences, geography, environmental science, physics, data science, or civil
engineering.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2
LO3
LO4
LOS
LO6
LO7
LO8

Explain the risk concept and all constituent elements.

Demonstrate the ability to transfer the risk concept to different scales and settings.

Describe key geohazards in terms of their origin, dynamics and consequences.

Create and critically analyse terrain information.

Describe different landforms and demonstrate ability to recognize them in imagery.

Explain fundamental photogrammetric principles, and link them with topographic data quality.

Describe key data sources and techniques to characterize and quantify geohazards, and as input to hazard modelling.
Apply research skills in the specific disaster risk context.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 22
Supervised practical 20
Tutorial 32
Study trip 8
Written/oral test 12
Individual assignment 16
Group assignment 22
Self-study 64
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SPECIALIZATIONS

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... & §
LO1 Explain the risk concept and all constituent elements. [ ]
LO 2 Demonstrate the ability to transfer the risk concept to different scales and settings. [ ]
LO3 Describe key geohazards in terms of their origin, dynamics and consequences. [ ) [ ]
LO4 Create and critically analyse terrain information. [ J
LOS5 Describe different landforms and demonstrate ability to recognize them in imagery. [ J
LO6 Explain fundamental photogrammetric principles, and link them with topographic data quality. [ ]
LO7 Describe key data sources and techniques to characterize and quantify geohazards, and as input to hazard modelling. [ ]
LO 8 Apply research skills in the specific disaster risk context.
Test type Assignment(s) Written
examination
Weight of the test 30 70
Individual or group test Group Individual
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 1 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

DATA-DRIVEN HAZARD MODELLING

Course 201800282

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. L. Lombardo (ITC)
INTRODUCTION

The identification and assessment of natural hazards is a crucial component of disaster risk management. This course will focus on the
modelling of natural hazards, with an emphasis on hydro-meteorological hazards (floods, landslides and erosion). Starting from the
relevant natural phenomena and their causes, the generation of historical inventories of hazardous phenomena will be discussed. From
the cloud-based generation of the hazard inventories and their interpretation, the course will expand on the main methods and tools to
assess the susceptibility and hazard at different scales. The course will provide the foundation for predictive approaches with a
particular focus given to statistical models of multivariate nature. The latter will combine the spatial and temporal dimensions. The use of
empirical models will further investigate runout patterns to estimate areas under threat.

The course runs in parallel to the "Introduction to Hazard and Risk" course (Q2.1) where data input for hazard modelling are explained.
The two course are closely coupled and part of the necessary knowledge for the "Data-Driven Hazard modeling" course will be gained
in parallel through lessons and concepts explained in Q2.1.

CONTENT

In this course we will explore how to exploit current state-of-the-art cloud-based solution in Google Earth Engine to map and monitor
natural hazard occurrences in space and time. Landslides will be considered as an example of various natural hazards behaving with
similar spatio-temporal characteristics. The inventoried landslides will then be used to investigate landslide-size statistics and estimate
the associated event-magnitude. This introductory steps will be completed by using statistical modelling as a tool to better understand,
define, visualize and predict hazardous phenomena spatially and temporally. A background introduction will be provided to
contextualize the currently available predictive tools. And, a particular emphasis will be given to multivariate statistical models (e.g.,
generalized linear models and generalized additive mixed models of the binomial family) methods. These methods will be used to make
prediction over space and time of locations likely to undergo hydro-meteorological hazards, hence providing information on the
susceptibility distribution in a given area. To complete the scenario, the resulting size and potential impact of the considered hazard will
be also considered via runout empirical models, hence providing information on the hazard distribution in a given area. In this context,
scripting skills (with a focus on the R “language”) will also be developed during practical sessions.

TEACHING AND LEARNING APPROACH

This course focuses on building the required understanding of natural hazards and the available approaches to map them and further
predict their occurrence in space and time. This knowledge will be systematically acquired through short theoretical lectures followed
by supervised practicals and tutorials that will expose students to the whole conceptual and modeling pipeline, from cloud-based
inventory-making to data acquisition and ultimately to susceptibility and hazard assessment. To promote and make a constructive use
of the diversity in the background of the students, each step of the course will also feature a peer-learning process where students with
different training will share their knowledge to mutually benefit from each respective understanding of the lessons. At the end of each
day, interactive quiz will be provided to monitor the growth of each student and provide support where needed. The learning process
will be further supported by a group project assignment that will link together the content of the course. In fact, the automated mapping
and the modelling techniques will be implemented and critically assessed in terms of their specific limitations and with respect to the
final goal (inventory generation and susceptibility/hazard mapping).

TESTS
Assessment will be based on: written test (60%) and project (40%). For each of the examination components, a minimum score of 5.5
must be reached.

A second test opportunity for the ‘project’ will consist of improving on (i.e. 'repairing') the project deliverable(s), and will be assigned a
maximum mark of 6.0.

ENTRY REQUIREMENTS

Compulsory for the “Natural Hazards and Disaster Risk Reduction” (NHR) specialization of the “Geoinformation Science and Earth
Observation” (M-GEO) programme. Students from other specializations and programmes should have introductory level experience
with GIS and Remote Sensing, and a background in earth sciences, geography, environmental science or civil engineering.
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 In the context of landslide hazard, formulate the data requirements to automatically map inventories through Google Earth
Engine.

LO 2 In the context of landslide hazard, formulate the data requirements for the statistical modelling approaches (including aspects of
scale and data quality).

LO 3 Classify, explain and analyse the factors underlying the hazards and evaluate their relative importance.

LO4 Understand the appropriate use, the limitations and the issues one can tackle through statistical modelling for predictive
mapping of hazards. Implement this knowledge through scripting data-driven methods for hazard prediction.
LO5 Critically asses susceptibility maps and the approaches to convert them into hazard maps.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 42
Tutorial 10
Written/oral test 3
Individual assignment 20
Group assignment 44
Self-study 45
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SPECIALIZATIONS
TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... é E
LO 1 In the context of landslide hazard, formulate the data requirements to automatically map inventories through Google Earth ° °
Engine.
LO2 In the context of landslide hazard, formulate the data requirements for the statistical modelling approaches (including aspects of ° °
scale and data quality).
LO3  Classify, explain and analyse the factors underlying the hazards and evaluate their relative importance.
[ [ J
LO 4 Understand the appropriate use, the limitations and the issues one can tackle through statistical modelling for predictive ° °
mapping of hazards. Implement this knowledge through scripting data-driven methods for hazard prediction.
LO5  Critically asses susceptibility maps and the approaches to convert them into hazard maps. (] [ J
Test type Written Assignment(s)
examination
Weight of the test 60 40
Individual or group test Individual Group
Type of marking 1-10 1-10
Required minimum mark per test 55 55
Number of test opportunities per academic year 2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

PHYSICALLY-BASED HAZARD MODELLING

Course 201800289

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. B. van den Bout (ITC)
INTRODUCTION

The aim of this course is to enhance the student’s understanding of the physical processes that cause natural hazards, the methods
and the physically-based modelling approaches for hazard analysis, to the point at which students are able to use them with their own
data. As the processes of selected natural hazards, including flooding, landslides and earthquakes, are explained, the students will be
introduced to fundamentals of the underpinning science and engineering. Model data requirements and data collection will be treated,
as well as the evaluation of uncertainty of input data on simulation outputs. Modelling principles and assumptions, possibilities and
limitations will be discussed with the aim that students can make a proper selection of models for a given situation and critically reflect
on the results, in order to support hazard analysis as input to risk management and mitigation.

CONTENT

In this course, we focus on the physical processes that lead to and determine the dynamics of natural hazards. Using the hydrological
cycle and rock cycle as a foundation, a variety of modelling approaches are addressed. Amongst others, some topics to be covered
are: precipitation and generation of rainfall maps, ground water fluctuation, infiltration, overland flow and (flash) floods; soil and rock
slope instability types, initiation, propagation and intensity; seismic wave propagation, macro and/or micro hazard analysis. In the
second part of the course, students are able to select a specific natural hazard. For the selected hazard, a full hazard assessment is
developed to address the challenges posed by potential disaster. Students learn how relevant physical parameters can be acquired or
derived using a range of data collection methods (including remote sensing, laboratory analysis, field tests and empirical analysis).
Practical issues of modelling and scripting are addressed. Through assignments on selected hazards, students critically assess how
process based modelling results can be translated into hazard maps, addressing sources of uncertainty and their effects, model
limitations and reliability.

TEACHING AND LEARNING APPROACH

The students will focus on the principles and modelling of selected natural hazards through a combination of theory, practicals, and
hazard assessment project. Interactive lectures and tutorials in the form of group discussions are planned to facilitate the introduction
and comprehension of critical scientific and engineering concepts. The flipped classroom technique will be used as a self-paced
educational method to promote the personal involvement of the student in the learning process and to enhance independent thinking.
The educational aim of this course is twofold: on one hand, to provide the students with a range of modelling tools in order to develop
their practical and technical skills; and on the other, to promote their ability to reason well and to encourage their disposition to do so,
at the moment of discussing modelling assumptions, suitability and limitations. These aims are planned to be achieved through
supervised practicals and group assignments. The group project is an initially guided and, later on, more independent environment to
explore natural hazard modelling for a selected hazard. This learning approach is used to ensure that, for the selected hazard, the
student encounters the full range of knowledge and skills required to go from site/event selection to
selection/setup/parameterization/calibration and interpretation of a natural hazard model. The group project includes sensitivity analysis
of the models and comparison and interpretation of their results, (e.g. using different datasets, modelling techniques and parameters)
are intended to trigger active exploration of and reasoning on the physical processes and simulations. Students are further encouraged
to deepen into theory and practice with supplementary material to independently explore during the group projects.

TESTS

Assessment will be based on: written test (40%, closed book), project (60%)

The project is a group project to be done in groups of 2 or 3 persons, working on the same natural hazard
(floods/landslides/tsunami/seismic).

In case insufficient students choose a particular topic, the students will be allowed to work individually as well, for which the
requirements for the report and presentation are adapted accordingly.

Usage of Al-based creation tools is approved, but has to be specified by the students and appropriately cited. Students must be able to
take ownership of the final report. The questions and answer session during the presentations count significantly for the project grade,
ensuring students understanding is reflected in their assessment.

A second test opportunity for the project will consist of improving on (i.e. 'repairing') the project deliverable(s), and will be assigned a
maximum mark of 6.0

ENTRY REQUIREMENTS

Compulsory for the ‘Natural Hazards and Disaster Risk Reduction’ (NHR) specialization of the ‘Geo-information Science and Earth
Observation (M-GEO) programme.

Students from other specializations and programmes should have experience with GIS and Remote Sensing, and a background in
earth sciences, geography, environmental science or civil engineering. The eligibility of other candidates will be assessed on an
individual basis.
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe the scientific and engineering principles that underlie natural hazards, including the factors affecting the initiation, the
spatio-temporal evolution, and hazard interactions.

LO 2 Select a model for the simulation of a specific process, summarize the modelling principles and assumptions, and recognize
limitations.

LO 3 Use process-based models for assessing the spatio-temporal distribution and evolution of hazardous events in order to
construct hazard scenarios and maps that are important for risk analysis.

LO4 Understand and describe sources of model uncertainty. Calibrate and validate process-based models for natural hazards.

LO5 Detect sources of uncertainty and assess their effect on modelling results. Interpret model outcomes to define hazard posed by
process.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 20
Tutorial 2
Written/oral test 4
Individual assignment 58
Group assignment 20
Self-study 60
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TESTPLAN

LO1
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LOS

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Describe the scientific and engineering principles that underlie natural hazards, including the factors affecting the initiation, the

spatio-temporal evolution, and hazard interactions.

Select a model for the simulation of a specific process, summarize the modelling principles and assumptions, and recognize

limitations.

Use process-based models for assessing the spatio-temporal distribution and evolution of hazardous events in order to construct

hazard scenarios and maps that are important for risk analysis.
Understand and describe sources of model uncertainty. Calibrate and validate process-based models for natural hazards.

Detect sources of uncertainty and assess their effect on modelling results. Interpret model outcomes to define hazard posed by

process.

Test type

Weight of the test

Individual or group test
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

ENVIRONMENTAL MONITORING AND MODELING FOR NATURAL
RESOURCES MANAGEMENT

Course 201800299

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. M. Huesca Martinez (ITC)
INTRODUCTION

With the foundations established in the course Natural Resources Management Fundamentals on landscape ecology and ecosystem
dynamics, this course introduces students to key concepts of monitoring to better understand the past and present of our ecosystems.
In addition, with a solid foundation in monitoring and the landscape mapping covered in the course Satellite and Field Mapping
Solutions for Natural Resources Management, the students will be able to model their current and future condition of our ecosystems
using spatio-temporal models. With the increasing availability of free and open spatial data at high temporal frequency, better temporal
monitoring and modelling is becoming possible at finer spatial resolutions. This data is vital to natural resource managers when making
decisions or designing interventions.

The course begins with a refresher of system dynamics learned in the course Natural Resources Managements Fundamentals to
answer the question “Why do we need monitoring?”. With the foundations established in the course Earth Observation for Natural
Resources Management, the student will be able to answer the questions: “What is the spatial, spectral and temporal resolution
required to monitor the ecosystem under study?, What data is available?”. The course continues to quantitatively assess the temporal
behavior of our ecosystems using Earth Observation (EO) time series, with special emphasis on trend, seasonality, phenology and
changes. The last part of the course integrates the spatial component covered in the course Satellite and Field Mapping Solutions for
Natural Resources Management and the temporal context in spatio-temporal models. The course will conclude introducing human
actors and the consequences of their management choices using agent based models.

CONTENT

The body of the course consists of topics and each topic includes lectures, practical., tutorials, reading material and self-study. The
course begins with a review of environmental monitoring and the main attributes of a time series. The course continues with the
exploration of time series of EO data, how to acquire, process and analyze EO time series and how to quantify dynamics of
environmental processes using different EO data (multispectral and radar). In the second part of the course, the course focuses on
spatio-temporal models, introducing empirical, process-based and agent-based models. At the end of the course, the student will be
able to propose monitoring and modelling approaches within an NRM context.

The bullets below show the main topics.

¢ Introduction environmental monitoring and modelling

¢ Time series data acquisition and pre-processing

¢ Temporal assessment(trend, seasonality, phenology)

¢ Change detection

* Types and architecture of spatio-temporal models (empirical, process-based, aand agent-based models)
¢ Justify a monitoring strategy and propose modelling techniques within an NRM context

TEACHING AND LEARNING APPROACH

The course takes a student-centered (inquiry-based) approach to teaching and learning. Students have an active/participatory role in
their education, while teachers are facilitators who encourage interaction with new material presented and reflective thinking. The
teacher uses class discussions and hands-on practicals to track student comprehension, learning needs and academic progress over
a topic. Four summative assessments (individual writing assignments + written test + individual portfolio (NRM in practice)) measure
how well the students achieve higher order thinking and learning outcomes. Students will receive feedback at the end of each practical
during Q&A sessions. Students will have self-study time to complete practical, individual assignment, individual portfolio and to prepare
the exam. In addition, some reading material will be provided during this time.

TESTS
Two individual written assignments, one individual written test and one individual portfolio. It is mandatory that the students pass all the
assignments. The students will have at least a full week to accomplish each individual written assignment with the necessary self-study.

Deliverables for the NRM in practice portfolio are:

1) Selection of most relevant ecosystem variables and approaches for monitoring (building further on course 2 and 3).

2) Complete conceptual diagram (building further on what was done in course 1) with a clear link to deliverable 1.

3) Proposal for the most appropriate modelling method to model one or more cause-effect relation(s) coming from the conceptual

diagram

ENTRY REQUIREMENTS
Core, NRM1, NRM2 and NRM3
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SPECIALIZATIONS

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Interpret key concepts in environmental monitoring and modelling to describe ecosystem dynamics.
LO2 Assess ecosystem dynamics based on trend, seasonality and phenology

LO 3 Justify and reflect the approach of monitoring changes in ecosystem dynamics in response to environmental changes using
EO time series and change detection.

LO4 Examine elements and processes of different spatio-temporal model types and how to influence model variables to achieve
desired NRM outcomes.

LO5 Assemble data to build and rationally apply spatio-temporal models to manage natural resources.
LO6 Design a monitoring strategy in relation to a problem and the policies applicable in the study area.
LO7 Select and describe a modelling approach for one cause-effect relationship taken from the conceptual diagram.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 34
Supervised practical 20
Tutorial 14
Written/oral test 8
Individual assignment 40
Group assignment 0
Self-study 80
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SPECIALIZATIONS
TESTPLAN

Learning Outcomes that are addressed in the test

- o~ © <
& o I 7
Learning outcomes (LO) of the course: The student will be able to... 2 2 R R
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LO 1 Interpret key concepts in environmental monitoring and modelling to describe ecosystem
[ J ([ ] [
dynamics.
LO2  Assess ecosystem dynamics based on trend, seasonality and phenology [ J { ]
LO 3  Justify and reflect the approach of monitoring changes in ecosystem dynamics in response to ° °
environmental changes using EO time series and change detection.
LO 4 Examine elements and processes of different spatio-temporal model types and how to ° °
influence model variables to achieve desired NRM outcomes.
LO5  Assemble data to build and rationally apply spatio-temporal models to manage natural ° °
resources.
LO6 Design a monitoring strategy in relation to a problem and the policies applicable in the study °
area.
LO7  Select and describe a modelling approach for one cause-effect relationship taken from the °
conceptual diagram.
Test type Written Assignment(s) Assignment(s) Assignment(s)
examination
Weight of the test 40 20 20 20
Individual or group test Individual Individual Individual Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test 55 55 5.5 5.5
Number of test opportunities per academic year 2 2 2 2
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SPECIALIZATIONS

EARTH OBSERVATION FOR NATURAL RESOURCES MANAGEMENT

Course 201800284

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. M.T. Marshall (ITC)
INTRODUCTION

The 215t century has witnessed an increase in the availability of (i) wall-to-wall archives of free and open access Earth Observation
(EO) data; (ii) data portals and cloud-computing environments; and (iii) novel analytical techniques to address challenges in natural
resources management (NRM). The purpose of NRM2: Earth Observation for Natural Resources Management is to provide a
roadmap to answer the which, where and how in Earth Observation data acquisition, processing and analytics in NRM. An
exploratory analysis of problems in the department’s forestry, agriculture and Environment (FORAGES) themes according to the scale
of observation and information requirements help to answer the which. Data portals (e.g., Copernicus Open Access Hub), processing
facilities (e.g., Sentinel Application Platform-SNAP) and cloud-computing environments (e.g., Google Earth Engine) support the
acquisition and processing of EO data, which addresses the where. Students address the how by processing multispectral
broadband, hyperspectral narrowband, thermal infrared, synthetic aperture radar-SAR, and light-detection and ranging-LiDAR data to
derive simple metrics for analysis of the FORAGES problem. The metrics are proxies for environmental indicators or resource
attributes broadly covered in NRM1. At the end of the course, students design their own technical workflow to address a FORAGES
problem.

CONTENT

The body of the course consists of teaching units that deal with the estimation of crop yield and water use, plant species diversity and
forest cover. These are important environmental indicators that scientists in our department use to help solve FORAGES problems.
Each teaching unit addresses the scale of observation and information requirements, as well as demonstrates a sensor category
(multispectral broadband, hyperspectral narrowband, thermal infrared, SAR, LIDAR) commonly used to estimate the environmental
indicator. The advantages and disadvantages of each sensor category are discussed to support the appropriate selection of a sensor
category and analytical technique according to the problem and scale. A practical enables the students to acquire, process and
estimate the environmental indicator with EO data. Special attention is given to Google Earth Engine and inferential statistics, which are
increasingly used to enhance EO acquisition, processing and analytics. The bullets below show how EO data and analytical techniques
are linked to the challenges:

e Crop yield — multispectral broadband — multispectral broadband vegetation indices

¢ Plant species diversity — hyperspectral narrowbands — hyperspectral narrowband vegetation indices
¢ Crop water use — thermal infrared — apparent thermal inertia

¢ Forest and carbon stocks — SAR and LIDAR — radar backscatter and canopy height model

TEACHING AND LEARNING APPROACH

The course takes a student-centered (inquiry-based) approach to teaching and learning. Students assume an active/participatory role
in their education, while teachers are facilitators who encourage interaction and reflective thinking. The teacher uses class
discussions, hands-on practicals, and other experiential learning tools to track student comprehension, learning needs and academic
progress over a teaching unit. Four graded summative assessments (one written exam + two individual reports + one final group
project) measure how well the students achieve higher order thinking and learning outcomes.

TESTS
Written in-class exam (40%), two written practical reports (10% each), and a final group project to be delivered orally (40%). Total =
100% of final mark.

ENTRY REQUIREMENTS
Core course and NRM1 (preferred)
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LOS5

LO6

Examine environmental indicators estimated with Earth Observation data (crop yield and water use, plant species diversity,
forest cover) according to the scale of observation and information requirements. Exploration helps students to uncover their
Earth Observation data and analytics needs in natural resources management.

Compare multispectral broadband, hyperspectral narrowband, thermal infrared, SAR and LiDAR data for crop yield and water
use, plant species diversity and forest cover estimation, based on their spatial, temporal, radiometric and spectral resolution.
Earth Observation data needs should align with the scale of observation.

Choose multispectral broadband, hyperspectral narrowband, thermal infrared, SAR and LiDAR metrics for crop yield and water
use, plant species diversity and forest cover estimation, by considering their effectiveness, reliability, validity, efficiency. and
usability. Earth Observation analytics needs should align with the information requirements.

Create analysis-ready Earth Observation data with data portals like Google Earth Engine. Cloud-computing environments and
other data portals are increasingly used by the Earth Observation community to manage the large volume of Earth Observation
data.

Derive statistical properties of Earth Observation data with hypothesis-testing in the R software environment. Inferential statistics
help you to get to know your data before applying more advanced analytical techniques.

Design a technical workflow to acquire and process Earth Observation data. The technical workflow is the final roadmap to
Earth Observation data and techniques.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 42
Supervised practical 50
Tutorial 16
Individual assignment 58
Self-study 30
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Learning outcomes (LO) of the course: The student will be able to... § g E
Examine environmental indicators estimated with Earth Observation data (crop yield and water
use, plant species diversity, forest cover) according to the scale of observation and information
requirements. Exploration helps students to uncover their Earth Observation data and
analytics needs in natural resources management.
Compare multispectral broadband, hyperspectral narrowband, thermal infrared, SAR and
LiDAR data for crop yield and water use, plant species diversity and forest cover estimation, °
based on their spatial, temporal, radiometric and spectral resolution. Earth Observation data
needs should align with the scale of observation.
Choose multispectral broadband, hyperspectral narrowband, thermal infrared, SAR and LiDAR
metrics for crop yield and water use, plant species diversity and forest cover estimation, by °
considering their effectiveness, reliability, validity, efficiency. and usability. Earth Observation
analytics needs should align with the information requirements.
Create analysis-ready Earth Observation data with data portals like Google Earth Engine.
Cloud-computing environments and other data portals are increasingly used by the Earth [ ]
Observation community to manage the large volume of Earth Observation data.
Derive statistical properties of Earth Observation data with hypothesis-testing in the R software
environment. Inferential statistics help you to get to know your data before applying more [ ]
advanced analytical techniques.
Design a technical workflow to acquire and process Earth Observation data. The technical
workflow is the final roadmap to Earth Observation data and techniques.
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 40 10 10
Individual or group test Individual Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test 55 55 55
Number of test opportunities per academic year 2 2 2

final group project

Presentation(s)
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

GEOSPATIAL MAPPING FOR NATURAL RESOURCES MANAGEMENT

Course 201800292

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. C. Paris (ITC)
INTRODUCTION

Previous NRM specialisation courses focused on the ability to define and describe natural resource (NRS) systems by selecting useful
indicators and Earth Observation (EO) data. Building on these skills, this course teaches students how to choose and apply effective
mapping solutions for natural resource management using EO and geospatial data, field surveys, and machine learning techniques.
Mapping the Earth’s surface is essential to support natural resource management and planning. The current availability of global EO
and geospatial data, combined with recent advances in machine learning, opens a wide range of possible mapping solutions for
surface categorisation and land cover characteristics. In this course, students will study, apply, and evaluate the most commonly used
machine learning algorithms with geospatial and EO data for addressing an NRS mapping problem. Sampling statistics will be taught to
facilitate and validate mapping results. Furthermore, students will learn the basic steps in designing and implementing field data
collection in the same study area, including Unmanned Aircraft Systems (UAS) and other equipment.

CONTENT
Given an NRS mapping problem, students will learn how to select and apply mapping techniques on geospatial and EO data in a
meaningful way. The course will introduce:

¢ the basics of the most common machine learning methods typically applied to EO data acquired from different sensors and with
different spatial resolutions;

¢ the fundamentals of object-based versus pixel-based approaches;

¢ the basic procedures to interpret, explain, refine, and evaluate the obtained mapping results;

¢ the fundamentals of regression models for mapping basic biophysical parameters using EO data.

All these analyses will be supported by field data collection in the same study area where the students generated their mapping results.
This includes learning the basic principles of:

¢ designing and implementing fieldwork tailored to the application needs;
¢ sampling statistics and processing of obtained data;
e commonly used equipment and software for field data collection and processing, including UAS.

At the end of the course, students are expected to (i) justify the selection of a machine learning technique for a specific EO and
geospatial dataset, (ii) design and implement a field campaign to collect meaningful data for specific NRS applications, and (iii)
develop a novel workflow the integrates EO and geospatial data, field surveys and machine learning techniques to tackle a specific
NRS challenge.

TEACHING AND LEARNING APPROACH

During this course, students will learn how to integrate the competencies needed to find machine learning based mapping solutions
and conduct in-situ field investigations. Tutorials, field trips, supervised and unsupervised practical are scheduled throughout the
course to gain hands-on experience. The teachers will use class discussions, demos, practical exercises to monitor students'
understanding, learning needs, and academic progress throughout the course.

TESTS
Three summative assessments will be used to measure how well students achieve the learning outcomes:

1. Report on the designed mapping solution (weighting: 40% of the final grade);

2. Report on the planned and executed fieldwork (weighting: 40% of the final grade);

3. Portfolio presentation of a novel workflow that integrates EO and geospatial data, fieldwork, and machine learning techniques to
address a specific NRS challenge (weighting: 20% of final grade)

ENTRY REQUIREMENTS
Natural Resources Management Fundamentals (NRM specialization 1)

Earth Observation for Natural Resources Management (NRM specialization 2)
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Assess which machine learning method is more effective given a EO and geospatial dataset.
LO 2 Design a field campaign to collect appropriate in-situ data.
LO 3 Implement an effective field campaign to collect in-situ data for specific NRS applications.

LO 4 Develop a novel workflow that integrates EO and geospatial data, field surveys and machine learning techniques to tackle a
specific NRS challenge.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 30
Tutorial 16
Supervised practical 32
Study trip 20
Individual assignment 30
Self-study 68
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TESTPLAN

LO1

LO2

LO3

LO 4

Learning outcomes (LO) of the course: The student will be able to...

Assess which machine learning method is more effective given a EO and geospatial dataset.
Design a field campaign to collect appropriate in-situ data.

Implement an effective field campaign to collect in-situ data for specific NRS applications.

Develop a novel workflow that integrates EO and geospatial data, field surveys and machine learning

techniques to tackle a specific NRS challenge.
Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

SPECIALIZATIONS

Learning Outcomes that are addressed in the test
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Assignment(s) Assignment(s) Assignment(s)

40 40 20
Individual Individual Individual
1-10 1-10 1-10
55 5.5 55
2 2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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SPECIALIZATIONS

NATURAL RESOURCES MANAGEMENT FUNDAMENTALS

Course 201800278

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. P. Nyktas (ITC)
INTRODUCTION

Global change, caused by growing population densities and rising economic production levels, is increasingly placing pressure on
scarce land resources. These changes do not always contribute to sustainable development and often increase the pressure on the
natural resources that we depend on. Our impact on the environment is immense and we are fast approaching several tipping points.
Without proper management, these environments and the natural resources they provide will be depleted and degraded, sometimes
irreversibly. They will no longer be able to provide society with essential services (water, food, carbon sequestration, temperature and
rainfall regulation, pest regulation etc.).

This first specialisation course is a multidisciplinary course aiming to expose students to the fundamental concepts and state-of-the-art
knowledge a natural resources scientist should possess at the start of high-quality research. The main objectives of the course are to
help students (a) ask the right research questions, (b) define and describe the systems under study, and (c) come up with appropriate
and useful indicators to measure, map and monitor key parameters for natural resources management.

CONTENT
The course begins from a global perspective, introducing key global challenges, namely food security, climate change, biodiversity and
habitat loss. Students are invited to a discussion on major organisations and conventions aiming to address these challenges.

A systems approach is the only way to present the various relationships essential in natural resources research. The paradigm of
landscape ecological systems and landscape spheres (e.g. geosphere, hydrosphere, biosphere, atmosphere, anthroposphere) will be
used for the description and analysis of patterns and processes in earth systems. A critical element in understanding the boundaries,
the parts, and the flows of a system for managing natural resources is the choice of relevant metrics or indicators.

The course continues with the fundamental ecological concepts. Different ecosystem types are discussed, with particular attention to
forests. In addition to being biodiversity hotspots, forests are carbon sinks and regulate climate. After gaining a solid foundation in
forest ecosystems, students will search for and identify appropriate forest indicators to assess and monitor environmental processes,
such as degradation and deforestation, pests and diseases and carbon loss. Examples of these processes are demonstrated for
Mediterranean, temperate and tropical forests, respectively.

A different type of system introduced in the course concerns food. Current food systems face many food security and sustainability
challenges. How people produce, process, and consume food is unsustainable, causing many environmental problems such as water
shortage and deforestation. To feed the whole world while addressing climate change and safeguarding biodiversity, a thorough
understanding of the different components, processes, and outcomes of food systems is needed.

TEACHING AND LEARNING APPROACH

Management of natural resources offers an excellent opportunity for challenge-based education. The learning path of the course
follows an interdisciplinary approach with all the benefits and challenges this entails. In addition to the reading material proposed by the
lecturers, students will practice with simple models and exercises that demonstrate the fundamental concepts taught.

TESTS

At an early stage of the course, students will choose an NRS challenge. Having a specific use case in mind will keep them activated
and engaged throughout the course by questioning how the concepts presented apply to their chosen case study. As the course
progresses, they will be asked to apply the knowledge acquired in class to the use case chosen and compile a portfolio that accounts
for 40% of the total grade. For the case study chosen, students will present a global perspective, the relevant organisations and
conventions and describe the system under study (boundaries, parts, flows and dynamics). This will lead to a well-founded description
of the challenge and the choice of relevant and appropriate indicators to measure, map and monitor natural resources.

Furthermore, at the end of the course, the students will have gathered all the components to create a conceptual diagram, including the
role of stakeholders. An oral examination of the parts and relations between concepts for the case study will account for another 40%
of the course grade. Additionally, students will work in groups and present an assignment on food systems. Peer evaluation of group
presentations will contribute 10% of the course grade. The descriptive statistics offered in the course will be assessed via an individual
assignment counting for 10% towards the final mark.

ENTRY REQUIREMENTS
To have completed the core modules at ITC or to have a basic level in GIS and remote sensing.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Analyse the relevance and links of natural resources’ global challenges (e.g. deforestation, climate change, food security,
biodiversity loss, etc.) to a given case study.

LO 2 Connect the major global organisations, conventions and initiatives to a given natural resources challenge.

LO 3 Define the boundary conditions, components and dynamics of a natural system and analyse their relations in the context of
landscape spheres.

LO 4 Apply descriptive statistics to explore spatial and non-spatial data.

LO5 Create insightful diagrams of natural and manmade systems using the appropriate terminology.

LO 6 Evaluate which indicators best describe the system's state and dynamics for a given case study.

LO 7 Formulate possible courses of action based on changes in chosen indicators.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 50
Supervised practical 24
Tutorial 12
Study trip 0
Written/oral test 8
Individual assignment 24
Group assignment 4
Self-study 74
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... 1o s (o e
LO 1  Analyse the relevance and links of natural resources’ global challenges (e.g. deforestation, °
climate change, food security, biodiversity loss, etc.) to a given case study.
LO2  Connect the major global organisations, conventions and initiatives to a given natural resources °
challenge.
LO3 Define the boundary conditions, components and dynamics of a natural system and analyse ° °
their relations in the context of landscape spheres.
LO4  Apply descriptive statistics to explore spatial and non-spatial data. [ ]
LO5  Create insightful diagrams of natural and manmade systems using the appropriate terminology. [ J [ ]
LO6 Evaluate which indicators best describe the system's state and dynamics for a given case
[ [ J [
study.
LO7 Formulate possible courses of action based on changes in chosen indicators. [ J [ ] o
Test type Assignment(s) Oral Assignment(s) Assignment(s)
examination
Weight of the test 20 60 10 10
Individual or group test Individual Individual Group Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test 5.5 55 5.5 55
Number of test opportunities per academic year 2 2 1 2
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BUILDING INCLUSIVE AND COMPETITIVE CITIES

Course 201800283

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. S. Amer (ITC)

INTRODUCTION

Cities are unequal. Considerable parts of the urban population, especially in the Global South, are poor, whereas others are affluent. In
part, poverty is associated with the influx of poor rural immigrants in need of jobs, shelter and basic services such as water, electricity,
education and health care. Levels of access to these basic services can differ a lot between socio-economic groups and will also vary
across urban spaces. To address such inequalities, contemporary urban development strategies and policies are directed toward the
inclusion of socially and economically weaker groups. These groups need to benefit most from sustainable planning interventions.
Here, inclusiveness and competitiveness need to be linked, as only inclusive cities can be truly competitive. Successful cities offer
competitive locations and are centres of innovation, where liveability and inclusiveness are important factors. When analysing the
economic performance of an urban region, the role of geography needs explicit consideration as urban competitiveness requires an
understanding of spatial relationships inside cities (e.g., variations of locational factors and clustering of economic activities).
Furthermore, the role of land use (planning) and land markets is essential for understanding competitiveness in all its dimensions for
building competitive and inclusive cities.

CONTENT

¢ What is an inclusive city (lecture and discussion session)

¢ Inequality, deprivation, and quality of life (lectures and group assignment)

¢ Network analysis (lecture and guided practical)

* Accessibility concept and operationalisation (lectures and group assignment

¢ Inclusive (water) infrastructure provision (lectures)

¢ Urban competitiveness / economics (lectures)

¢ Land value modelling (lectures and individual assignment)

¢ 3D city modelling (lectures and practical)

¢ Excursion or site visit

¢ Literature seminars (3x, guided discussion sessions on literature used for course)

TEACHING AND LEARNING APPROACH
Lectures, supervised practicals, discussion sessions (literature seminars), individual assignment, group assignment.

Participation and attendance:

¢ Since many of the educational activities require active involvement attendance of supervised practicals, literature seminars &
group presentations is highly advisable

TESTS
¢ Individual theory test (50%)
e Assignment 1 (group): Inequality and Deprivation Mapping (10%),
¢ Assignment 2 (group): Accessibility of Urban Services (20%)
¢ Assignment 3 (individual): Urban Development and Slum Relocation (20%)

Please note: the 2nd opportunity of the group and individual assignment, is a repair

ENTRY REQUIREMENTS
Completion of ITC course GIS and RS for Geospatial Problem Solving, or equivalent.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe and compare different perspectives on the inclusive city concept and associated theoretical notions of equity,
fairness and social justice.

LO 2 Define and operationalize spatial and non-spatial indicators to measure intra-urban socio-spatial variation.

LO 3 Apply appropriate spatial and statistical methods to describe socio-spatial patterns within cities.

LO4 Analyse and assess intra-urban socio-spatial patterns for selected thematic sectors (e.g. quality of life, accessibility of social
services).

LO5 Describe the main factors of competitiveness (human, physical, institutional, and economic) of an urban region.

LO6 Analyse the case of slum relocation in the context of land markets, land use (planning) and competitiveness of cities.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 30
Group assignment 44
Individual assignment 15
Tutorial 10
Written/oral test 4
Self-study 55
Study trip 8
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... g 2 g 5
LO1 Describe and compare different perspectives on the inclusive city concept and associated °
theoretical notions of equity, fairness and social justice.
LO 2 Define and operationalize spatial and non-spatial indicators to measure intra-urban socio- ° °
spatial variation.
LO3  Apply appropriate spatial and statistical methods to describe socio-spatial patterns ° °
within cities.
LO4 Analyse and assess intra-urban socio-spatial patterns for selected thematic sectors ° °
(e.g. quality of life, accessibility of social services).
LOS Describe the main factors of competitiveness (human, physical, institutional, and economic) of ° °
an urban region.
LO6  Analyse the case of slum relocation in the context of land markets, land use (planning) °
and competitiveness of cities.
Test type Written Assignment(s) Assignment(s) Assignment(s)
examination
Weight of the test 50 10 20 20
Individual or group test Individual Group Group Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2 1
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PLANNING SUSTAINABLE CITIES

Course 201800277

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. A.M. Pinto Soares Madureira (ITC)
INTRODUCTION

This course aims to develop a critical understanding of spatial planning based on academic discourses, the international development
agenda and students' own experiences. Throughout the course the role of spatial data and information systems in urban planning and
management will be highlighted and illustrated.

Students will develop a spatial understanding of specific urban issues in the students' home country by applying knowledge and skills in
spatial information handling. Students are introduced to a set of both spatial and non-spatial methods relevant for the practice of urban
planning and management. The concepts of Sustainability, Gentrification and Informality will be introduced and discussed. Available
databases and data catalogues are explored to discuss different approaches to sustainability frameworks and assessments, and to
understand the urban processes of gentrification and informality.

CONTENT
Concepts/ theories and frameworks

. What is urban planning

. Planning instruments/ types of plans

. Planning traditions

. Contemporary planning issues in the global south

. Theories and concepts in urban planning and management

. Urban processes (gentrification, informality) and concepts (sustainability, land tenure)
. Planning processes, Role of Gl in planning

NOoO O~ WN -

Methods and tool

. Primary and secondary data collection
. SWOT analysis

. Basic programming

. Sustainability assessment

. indicators selection

. Geographical patterns

. Data visualization and reporting

NOoO O~ WN -

TEACHING AND LEARNING APPROACH

A variety of approaches will be mixed. Introductory lectures (primarily dealing with theory and concepts), discussion sessions (in
which particulars such as literature, videos or other materials are being discussed) practicals (in which concepts and methods that
have been studied will be practiced by the students), tutorials (cook book style assignments to learn to apply methods and tools) and a
local fieldwork to gather data in the field and integrate these in the assignment.

Participation and attendance:

¢ Mandatory attendance for supervised practicals, fieldwork activities and seminars is required;
¢ Due to educational activities that require active involvement (e.g. group presentations), the lecturer may demand mandatory
attendance during lectures or parts thereof.

The course coordinator will communicate this at the start of the course.
TESTS

Test 1 - Individual assignment - Planning theory and theories in planning (20%)
Test 2 — Group assignment "Sustainability in Enschede" — (15%)

Test 3 — Group assignment Tenure from space (10%)

Test 4 - Group assignment Mapping changes in the Roombeek area (15%)

Test 5 - Final test (40%)

ENTRY REQUIREMENTS
M-Geo Core courses
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe different definitions and approaches to urban planning and management (contexts; regions; levels).

LO 2 Discuss contemporary urban planning theories and concepts.

LO 3 Identify critical issues in the practice of urban planning and management (a.o. based on students' experiences and
international development agenda).

LO4 Collect, process and analyse different sets of data to describe urban processes.

LO5 Discuss the sustainability of urban regions by means of the chosen set of data and relevant methods of analysis

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 38
Supervised practical 34
Study trip 4
Written/oral test 5
Group assignment 65
Self-study 50
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TESTPLAN

Learning Outcomes that are addressed in the test
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LO1 Describe different definitions and approaches to urban planning and management °
(contexts
LO2 Discuss contemporary urban planning theories and concepts. [ ) [ ]
LO3 Identify critical issues in the practice of urban planning and management (a.o. ° °
based on students' experiences and international development agenda).
LO4  Collect, process and analyse different sets of data to describe urban processes. [ ) [ ) [ ]
LOS Discuss the sustainability of urban regions by means of the chosen set of data ° °
and relevant methods of analysis
Test type Oral Assignment(s) Assignment(s) Assignment(s) Written
examination examination
Weight of the test 20 10 10 20 40
Individual or group test Individual Group Group Group Individual
Type of marking 1-10 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 1 1 2
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RISK-SENSITIVE URBAN PLANNING STUDIO

Course 201800312

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. J. Flacke (ITC)
INTRODUCTION

Urban areas and their populations are often seriously affected by hazards (e.g. natural, biological, technological hazards or
combinations of these). They also have to adapt to the impacts of climate change. Accordingly, city authorities, planners and other
stakeholders are searching for ways to be more risk-sensitive in their plans and actions. Becoming resilient includes developing the
capacities to meet such challenges.

This course addresses concepts of urban risk management and approaches to integrate risks associated with hazards and climate
change into urban planning and management strategies and actions. GIS-based methods to conduct urban risk and vulnerability
assessments and evaluate potential planning interventions will be learned and applied.

CONTENT

¢ Relevant scientific concepts that will be addressed in the course: natural and technological hazards, risk, physical and social
vulnerability, climate change mitigation and adaption, resilience

¢ Hazard assessment

¢ Vulnerability and risk assessment

¢ Urban growth and climate change scenarios affecting levels of risk and vulnerability

¢ nature-based solutions

¢ designing risk sensitive planning interventions

¢ strategy and policy making

TEACHING AND LEARNING APPROACH

The students will work in a studio setting, i.e. they will work in teams pro-actively on a given case study project throughout the entire
course. Project teams will need to develop a work plan that they then follow. Inputs in terms of lectures on certain topics, issues and
methods as well as feedback and supervision by the team of lecturer will be provided as needed.

Important concepts, methods and techniques that have been addressed earlier in the curriculum can also be applied. Students need to
demonstrate that they are able to describe, analyse and discuss a planning problem and come up with well-motivated plans that are
risk sensitive. The emphasis will be on their ability to critically discuss and explain choices and to critically reflect on the proposed
course of action.

A link will be made with ESA course Q4. Lectures will be given partly to both student populations and some group assignments will be
interdisciplinary in group composition and tasks.

Participation and attendance:

e Compulsory attendance for supervised practicals, fieldwork activities and seminars is required;
¢ Due to educational activities that require active involvement (e.g. group presentations), the lecturer may demand mandatory
attendance during lectures or parts thereof.

The course coordinator will communicate this at the start of the course.

TESTS
Test 1: Vulnerability mapping: Development and interpretation of case study specific vulnerability maps (individual)

Test 2: Development of an urban adaptation plan (group report)

Test 3: Group presentation and discussion of results

ENTRY REQUIREMENTS

All students in the UPM specialization are accepted. Students following other specializations or programmes should have a background
in urban planning.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe the roles of urban planning and management in addressing risks from natural hazards

LO 2 Identify urban risks resulting from natural or industrial hazards and climate change

LO 3 Apply spatial modelling and analytical techniques and methods for assessing urban risks and levels of vulnerability
LO4 Analyze risk-related urban development policies

LO5 Develop alternative risk-related urban adaptation plans and interventions

LO6 Evaluate risk-related urban adaptation plans and interventions addressing urban risks
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 18
Supervised practical 2
Tutorial 32
Written/oral test 2
Individual assignment 6
Group assignment 104
Self-study 32
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TESTPLAN

LO1

LO2

LO3

LO4

LOS

LO6

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Describe the roles of urban planning and management in addressing risks from natural hazards

Identify urban risks resulting from natural or industrial hazards and climate change

Apply spatial modelling and analytical techniques and methods for assessing urban risks and levels of

vulnerability

Analyze risk-related urban development policies

Develop alternative risk-related urban adaptation plans and interventions

Evaluate risk-related urban adaptation plans and interventions addressing urban risks

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Vulnerability mapping: Development and interpretation of case study specific vulnerability maps

Development of an urban adaptation plan

Group presentation and discussion of results

Assignment(s) Assignment(s) Presentation(s)

30

Individual

1-10

40

Group

1-10

30

Group

1-10
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THE COMPACT CITY

Course 201800293

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. J. Wang (ITC)
INTRODUCTION

Cities are centres where various functions and activities are organised in a relatively compact geographical area. The engagement of
people in these functions and activities is referred to as spatial interaction. How these functions are arranged spatially dramatically
affects the amount of spatial interaction (and thus travel demand) generated and the infrastructure required to facilitate this interaction.
The physical manifestation of this spatial arrangement is referred to as urban form. This concept can help us understand how cities
function in terms of their spatial structure and pattern at different scales. The land use and infrastructure development processes that
determine urban form are closely linked and mutually influencing.

In this course, we investigate urban form and address urban spatial development concepts in terms of their spatial interaction. We look
at the most important theoretical ideas that describe the relationship between land use and transportation. We use various modelling
tools and techniques to help analyse and understand this mutual relation. The knowledge and skills gained in this course will help
students to develop better spatial planning policies in their future work.

CONTENT
¢ Urban form and compactness
¢ Morphological models
e Spatial metrics to quantify urban form
¢ Urban growth modelling
¢ Urban transport, land use and urban form
¢ Sustainable transport
¢ Transit oriented Development
e Spatial interaction
¢ Travel behaviour
¢ Travel demand

TEACHING AND LEARNING APPROACH

A variety of approaches will be used. Introductory lectures (primarily dealing with theory and concepts), discussion sessions (in which
particulars such as specific literature, videos or other materials are being discussed), practicals (in which concepts and methods that
have been studied will be practiced by the students), tutorials (cook book style assignments to learn to apply methods and tools), a
local fieldwork to gather data in the field and integrate these in the assignment, guest lectures (of practitioners in transport and land
use planning) and an excursion.

Participation and attendance:

¢ Compulsory attendance for supervised practicals, fieldwork activities and seminars is required;
¢ Due to educational activities that require active involvement (e.g. group presentations), the lecturer may require mandatory
attendance during lectures or parts thereof.

TESTS
The following tests will be organised:

Test 1 - individual written test Urban Form and Urban Growth
Test 2 - individual written test Urban Form and Transport

Test 3 - Individual assignment Urban Growth and Spatial Metrics
Test 4 - Group assignment Transit Oriented Development

Test 5 — Individual assignment Travel Demand/Travel Behaviour

ENTRY REQUIREMENTS
Basics in GIS equivalent to M-Geo core courses. Background in urban planning, geography, engineering or related is an advantage.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Define and explain important urban form concepts (e.g. compactness, density, intensity).

LO2 Critically review concepts of urban form and transport interaction and ways to relate characteristics of the built environment to
measures of travel.

LO 3 Discuss the application of various models related to urban development and transport studies (logistic regression models of
urban growth, multi-criteria evaluation, trip generation, distribution and trip assignment models, choice models).

LO4 Quantify a set of urban form indicators using spatial metrics

LO5 Interpret and reflect on quantified urban form indicators to understand the changing spatial structures of an urban region.

LO6 Apply spatial and non spatial multi-criteria analysis for Transit Oriented Development

LO 7 Develop a conceptual understanding of transportation models and their applicatons.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 22
Tutorial 20
Study trip 4
Written/oral test 4
Individual assignment 22
Group assignment 24
Self-study 68
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TESTPLAN

LO1

LO2

LO3

LO 4

LOS5

LO6

LO7

Learning outcomes (LO) of the course: The student will be able to...

Define and explain important urban form concepts (e.g. compactness, density, intensity).

Critically review concepts of urban form and transport interaction and ways to relate

characteristics of the built environment to measures of travel.

Discuss the application of various models related to urban development and transport studies
(logistic regression models of urban growth, multi-criteria evaluation, trip generation, distribution

and trip assignment models, choice models).

Quantify a set of urban form indicators using spatial metrics

Interpret and reflect on quantified urban form indicators to understand the changing spatial

structures of an urban region.

Apply spatial and non spatial multi-criteria analysis for Transit Oriented Development

Develop a conceptual understanding of transportation models and their applicatons.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Urban Form and Urban Growth

Written

examination examination

25

Individual

1-10

Urban Form and Transport

Written

25

Individual

1-10

Urban Growth and Spatial Metrics

Transit Oriented Development

Assignment(s) Assignment(s)

25

Individual

1-10

25

Group

1-10
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EARTH OBSERVATION OF WATER RESOURCES

Course 201800285

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator dr. Y. Zeng (ITC)

INTRODUCTION

Water and energy are fundamental for life on Earth, their variations, trends, and extremes are sources for drought extremes, heat
waves, heavy rains, floods, and intensive storms that are increasingly threatening our society to cause havoc as the climate changes.
Better observations and analysis of these phenomena will help improve our ability to understand their physical processes (as
introduced in Q2.1) and to model and predict them. Earth Observation technology is a unique tool to provide a global understanding of
essential water and energy variables and monitor their evolution from global to basin scales. In this course, you will learn the physical
principles of how electromagnetic signals were applied to monitor these essential variables by spaceborne sensors, and learn tools and
methods to collect, process, and visualize Earth observation data of surface solar radiation, evapotranspiration, precipitation, soil
moisture, and terrestrial water storage. Furthermore, students will learn how to retrieve the essential water/climate variable — soil
moisture from Earth observation data, applying the radiative transfer theory.

CONTENT

This course is closely linked and complementary to Q2.1, in a way that Q2.1 focuses on the physical processes of Water and Energy
Cycles, while Q2.2 on Earth observation technology. For each thematic topic (i.e., energy balance, evapotranspiration, precipitation,
soil moisture, and groundwater storage), the physical processes will be first presented in Q2.1, and the Earth observation part will
follow correspondingly. The course content is as follows:

Week 1-2 Earth observations for radiation and energy balance

Week 3-4 Earth observations for evapotranspiration

Week 4-5 Earth observations for precipitation

Week 6-8 Earth observation for terrestrial water storage (physical processes + integrated assessment)
Week 8-9 Earth observation for soil moisture

TEACHING AND LEARNING APPROACH

The course lasts for 10 weeks with 2 days a week, and the Q2.1 (Physical Processes) and Q2.2 (Earth Observations) of water and
energy cycles in the Earth system are designed as such to be closely complementary to each other. The course is designed for a
continuous flow and the student is mostly unaware of this partition, adding to the robustness of the teaching.

In this way, the 10 weeks are divided in topics covering Water and Energy Balance components, each of which could last between 1 to
2 weeks depending on the complexity. Each topic ends up with a Question Hour direct to the involved staff. A number of quizzes are
designed along the way as formative assessments, able to correct misalignments in the studies.

Some topics have field trips to the novel LILA site at the campus in the University of Twente, where students practice on equipment and
measuring devices.

TESTS

Test 1. Written test (weight 50 %, individual) on radiative transfer theory, accuracy assessment, and sources of uncertainty.

Test 2. Individual assignment (weight 20 %, individual) aimed at assessing the student's competence in collecting, processing and
visualizing Earth observation data.

Test 3. Group assignment (weight 30 %, group) focus on the creation of the hydrological state variables.

If the assignments do result in a mark below 6 a possibility to repair/improve the assignments will be given. The maximum mark after
this repair is a 6.

The number of test attempts is 2 per academic year.

ENTRY REQUIREMENTS
- knowledge of geometry, integration, differentiation
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Derive essential water and energy variables from Earth Observation data.

LO 2 Apply the concepts of radiative transfer theory in the optical, thermal and microwave parts of the electromagnetic spectrum for
water and energy cycles.

LO 3 Collect, process, and visualize essential water and energy variables from Earth observation data supplied via the world wide
web and through satellite broadcasts.

LO 4 Apply a calibration/validation protocol and calculate statistical error metrics for quantitative accuracy assessment of derived
water and energy variables.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 40
Supervised practical 24
Written/oral test 3
Individual assignment 16
Group assignment 44
Self-study 69
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... § S &
LO 1 Derive essential water and energy variables from Earth Observation data. [ ]
LO2  Apply the concepts of radiative transfer theory in the optical, thermal and microwave parts of the °
electromagnetic spectrum for water and energy cycles.
LO3  Collect, process, and visualize essential water and energy variables from Earth observation data supplied via the °
world wide web and through satellite broadcasts.
LO4  Apply a calibration/validation protocol and calculate statistical error metrics for quantitative accuracy ° °
assessment of derived water and energy variables.
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 50 20 30
Individual or group test Individual Individual Group
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 1
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SHADES-OF-BLUE: EARTH OBSERVATION OF COASTAL AND INLAND
WATERS

Course 201800303

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr.ir. S. Salama (ITC)
INTRODUCTION

This teaching course SHADES-OF-BLUE aims at providing the students with the competence to use Earth Observation (EO) data and
products to leverage the management of coastal and inland aquatic resources and policymaking.

The main objective is to deepen and broaden the knowledge and practical skills of students in using EO products and applications for
the integrated management of aquatic resources in deltas. The course includes technical skills and know-how about EO data,
products, and applications and, more importantly, global phenomena related to ocean-land-atmosphere interactions. EO products and
applications are fundamental components of the planned course and form the backbone of the teaching from the start to the end.
Therefore, the course will not only focus on the more generic building stones of remote sensing of aquatic resources but also on the
wider scope of applications that addresses the water-atmosphere-land nexus with a deeper analysis and evaluation phase. During this
course, the students will acquire competencies needed to address the national (Dutch Research Agenda, routes nr. 1, 4, 9, 13, 23,
and 25) and the international research agenda (UN’s Sustainable Development Goals nr. 6, 13, 14, 15).

CONTENT

The course SHADES-OF-BLUE builds upon the M-GEO- core and the WREM 2.0 courses and covers four thematic fields (sub-
courses) related to Earth Observation of coastal and inland waters. The first sub-course addresses the ocean-climate nexus and the
role of satellite-based essential climate variables in describing these interactions. The second sub-course focuses on the vulnerability
and resilience of coastal areas. The third sub-course handles water quality and land-based pollution. The fourth sub-course
addresses the productivity of aquatic systems (aquatic vegetation, primary production) and their role in the global carbon cycle. In
addition to these themes, the course closes with a group assignment for the students to apply the gained knowledge and for the
teacher to assess the learning process.

In total, the course contains five scaffolded learning units (sub-courses) that will be taught during one quartile (~10 weeks) with 7 EC
of study load. The first four learning units, although interconnected, are designed to be offered as independent distance education
courses. The last learning unit “Challenge” is an assignment that will serve the students to investigate new ways to address relevant
challenges, and the teachers to assess the learning of the students. The sub courses are:

¢ Ocean-climate nexus: in this course, the students will learn about the importance of oceanic-climate global phenomena, such as
ENSO and other oscillations, and how satellite-based products of essential climate variables are used to describe these
interactions;

* Coastal systems and sea-level rise: in this course, the students will learn about hydrological, morphological, sedimentological
and biological processes that shape coastal (eco)systems at various spatiotemporal scales, about aspects related to sea-level
change (e.g., sea level, vertical land motion), and how satellite data can help to evaluate the vulnerability and adaptive capacity of
coastal areas to sea-level change, erosion and subsidence;

¢ Water pollution: in this course, the students will learn how to derive water quality indicators from optical and thermal Earth
Observation sensors and integrate different satellite products to evaluate the vulnerability of coastal and inland waters to pollution
and turbidity;

* Blue productivity: in this course, the students will learn how the dynamics (e.g. upwelling) and biology (primary production of
water and aquatic vegetation) play a vital role in the Earth’s carbon cycle and control the productivity (fishing ground
aquaculture) of aquatic systems. During the exercises and the assignment, different satellite products will be integrated to
estimate the primary production of coastal and oceanic waters;

¢ Challenge: this unit spans three weeks and provides four course-related challenges that the students can choose from them. The
assignment is part of the learning process as it provides an opportunity for the students to apply the newly gained knowledge
(from units 1 to 4) and integrate different EO data in challenging applications.

TEACHING AND LEARNING APPROACH

The course SHADES-OF-BLUE will be offered as part of the M-GEO programme and will therefore be delivered in a hybrid setup
(face-to-face and online) in the teaching rooms of the University of Twente. The lectures will be recorded and shared with the students.
During the lectures, students are exposed to new concepts followed by hands-on practical exercises. A field excursion is organized to
provide the students with practical skills to collect in-situ data for calibration and validation purposes. The students are requested to be
physically present during the field excursion to improve their learning gain.

During the assignment, the students will be coached while they are working on developing the specific application of the assignment.

The students are requested to work in groups and prepare a case study from the selected challenge and provide the details of the
application developed as well as the results obtained in a report supported by a poster presentation.

The main sub-courses forming this course (namely, Ocean-climate nexus, Coastal systems and sea-level rise, Water pollution
and Blue productivity) with their corresponding challenges will also be offered as distance education courses.
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SPECIALIZATIONS

The test consists of three parts, one written test, a group assignment and a poster presentation. The following assessment matrix shows
the guidelines that will be employed to evaluate the learning outcomes of students:

Table 1: assessment matrix of the course SHADES-OF-BLUE and the alignment with the learning objectives and Bloom’s taxonomy,

different shades indicate the type of used assessment.

,;fzessment Written exam Assignment Poster presentation
Questions’ MC, OC Case stud The students can choose one Assignment
type questions Y of the four assignments 9
Weight 0.2 0.2 0.4 0.2
Learning 1, Lo2 LO3 Lo4 LO5
outcomes
Bloom Understand Apply Analyse Evaluate Communicate
taxonomy
Summarize

the basic  Apply the Check the

principles  principles of

consistency of EO Generate
data and assemble EO-based

Level of remote  remote sensing to different EO- descriptors Professionally present
Factual sensjng as aquatic systems  yorved variables  of the nexus the scientific results
;F;pgei;%c for a selected under study
q application
system
Analyse trends Determine
Classify EO Choose the best  @nd differentiate  the cause-
d?ctac:;dres method/procedure change_s Inan effe(_:t . Present the scientific
Level 2 ited fl:) r to carry out the arga of interest ) relationships results in an easy to
Conceptual thlg selected using EO ‘_’ata with betyveen follow manner suited
applications using error metrics and various for non-specialists
selected the confidence interactions
- EO data
applications
Crlarlfy the Car tth Integrate EO
pre- arry outthe applications in Judge the  Communicate the
Level processing selected

Procedural steps to applications using your area’s

work with  EO data

EO data system

ENTRY REQUIREMENTS

validity of  results in an engaging

coast/delta/aquatic EO results manner

¢ Basic knowledge in remote sensing and spatial data analysis
* Background in physics, biology, earth sciences and/or applied mathematics

 Affinity of working with EO data and natural resources
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3
LO4

LOS

Summarize and classify the types of EO data available and how it can be accessed and used (including data handling &
limitations of EO) to address a specific application;

Apply procedures to proceed EO data and to assemble multi variables and indices in a way that can characterise the system
under study

Analyse change trends, error metrics and the confidence of the trend and changes;

Evaluate the cause-effect relationships between various interaction mechanisms at the water interfaces with the atmosphere
and land;

Communicate the scientific results professionally and be able to engage with non-specialised stakeholders.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 32
Study trip 20
Written/oral test 4
Group assignment 28
Self-study 64
Individual assignment 16
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... § 4 2
LO1 Summarize and classify the types of EO data available and how it can be accessed and used (including data °
handling &
LO2  Apply procedures to proceed EO data and to assemble multi variables and indices in a way that can °
characterise the system under study
LO 3  Analyse change trends, error metrics and the confidence of the trend and changes [ )
LO4 Evaluate the cause-effect relationships between various interaction mechanisms at the water interfaces with °
the atmosphere and land
LO5  Communicate the scientific results professionally and be able to engage with non-specialised stakeholders. [ )
Test type Written Assignment(s) Presentation(s)
examination
Weight of the test 40 40 20
Individual or group test Individual Group Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2
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OBSERVING AND QUANTIFYING SURFACE WATER IN A CHANGING
WORLD

Course 201800295

Period 03 February 2025 - 18 April 2025
EC 7

Course coordinator dr. R. Rietbroek MSc (ITC)
INTRODUCTION

Significance

Surface waters such as lakes and rivers play a key role in water management and ecosystems in many countries. On the one hand,
they offer direct access to water needed for agriculture, domestic uses, and industry. On the other hand, surface waters act as the
interface between groundwater and the atmosphere, through processes such as evapotranspiration, runoff, and aquifer recharge.

At a geopalitical level, unsustainable anthropogenic use of surface water have a serious potential for conflicts. Many rivers cross
international boundaries and upstream usage therefore can create shortages and pollution downstream.

Furthermore, in light of climate change, it is expected that the water cycle will intensify at a global scale (“dry gets drier and wet gets
wetter”) but there is still uncertainty on how this will manifests itself at a local and regional level. It is imaginable that some areas see
little change in their climatic regime, while others will experience longer droughts more intense floodings and/or changes in the rain
seasons.

Aims

This course aims to provide students with a foundation needed to (1) understand the geophysical processes which affect surface water
changes in lakes and rivers, (2) explore various observation methods from space and in situ, and (3) explore ways of adding value to
existing datasets. As such, the course will provide students with a skill-set allowing them to tackle surface water problems in various
regions of the world, and make them aware of climatic and human factors which are modulating the water cycle with a dedicated focus
on lakes and rivers.

The course offers content which is relevant to the United Nations sustainable development goals (SDG) 6 (Clean water and Sanitation).

It furthermore has relevance to SDG 2 (Zero Hunger) through the water use issues of crops, and SDG 11 (Sustainable cities and
communities) through water availability for urban areas.
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CONTENT

The course builds upon the M-GEO in Q1 and WREM Q2 courses, and will cover the modules below. The overall course accounts for 7
ECTS and will be taught over a period of ~10 weeks, starting the first week of February.

M1 The relevance of surface waters in a changing world
o Basic hydrological concepts used in this course will be introduced
o A set of (recent) scientific papers will be reviewed and discussed during lectures

¢ The students will perform a classroom exercise as a Jupyter notebook to visualize and interpret scientific results from a
scientific paper

M2 Surface water and the water cycle

o An introduction to the processes and fundamentals of rainfall runoff models will be explained during the lectures

¢ An individual assignment using a conceptual rainfall runoff model will be executed and interpreted by the students
M3 River stage and discharge

o The concept of the Manning equation and stage-discharge relationships will be explained in the lectures

o An exercise will be performed where the effect of river parameters on discharge will be explored
M4 Remote sensing of lake and river heights

o The principles of inland radar altimetry and re-tracking will be explained in the lectures.

o A radar altimetry re-tracking exercise will be performed in Jupyter
M5 Lake extent and hypsometry

o The principles of detecting water bodies extents will be explained in the lectures

o A Jupyter exercise will be performed to extract the water body extent from cloud based remote sensing data
M6 Field excursion

> During a visit to the River Dinkel, students will perform flow experiments on the river

o Evaluate the findings and learnings from the field visit
M7 Data analysis Jupyter exercise (graded)

o Students will perform an individual Jupyter notebook exercise using a surface water related dataset/model. Interactive
classroom sessions are available for help

M8 Group (2-3p) assignment “Shark tank”

> |dentify a surface water related problem and create a business concept which leverages (remote sensing) datasets and or
models.

o Present a (graded) pitch for a simulated set of enterpreneurs and try to convince them to invest in the business concept

M9 Written test

TEACHING AND LEARNING APPROACH

The course starts with a set of showcases from current research to illustrate the significance of the topic, and to highlight the role of
climate change and human interactions and interventions. As indicated in the previous content section, the course will provide a more
in-depth understanding of the processes affecting surface waters, where it is interleaved with (Jupyter notebook) exercises, allowing
students to link theory to more practical applications.

In week 7, student will perform a graded notebook exercise. Students will adapt a template Jupyter notebook exercise to process a
dataset or modelling result related to surface water, and perform several experiments to answer questions related to the dataset and
scientific problem.

The field excursion to the river Dinkel serves to illustrate how theory on discharge links to practical experiments, and to show the
students the contrast between natural river courses versus man-made waterways. The findings of the field work will be reported and
interpreted in as small (graded) report

Weeks 8 and 9 are dedicated to a challenge, where groups of students will develop a small business case where they develop a case
on how remote sensing data and/or modelling can be used to serve a customer need. The development of the business case and its
pitching in front of a simulated set of entrepreneurs aims to make students learn about different stakeholder perspectives (users,
scientist, investor), and link the material from the course to a non-academic setting. The contact hours will serve to explain the
structure and steps to come to a business case.
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TESTS

The grade will be built up from 3 parts, which consists of grades in the 1-10 range:

» WN =

. A graded individual assignment on M2 "The role of surface water in the water balance" (weight 10%, individual)
. Graded report on field work (Weight 10%, individual)
. A written test (weight 40%, individual). The written test questions will cover the materials presented over the course and include

the topics covered by the fieldwork.

. A grade for the Jupyter exercise (weight 20%, individual). The submission will consist of a Jupyter notebook which contains

beside the code snippets: visualizations, a flow chart explaining how the notebook works, and a motivation/reflection for the found
results/answered questions.

. The Sharktank pitch (weight 20%, group).The pitch will be judged on (1) (scientific) feasibility of the proposed concept, (2)

identification of the most important stakeholders and their needs and demands, (3) effectiveness of the presentation.

ENTRY REQUIREMENTS

A necessary condition is to have attended the WREM courses Q2.1 & Q2.2.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LO5

LO6

Explain the role of surface water in the water cycle and changing climate

Explain the concept of river rating curves, rainfall runoff models, radar altimetry and lake hypsometry

Analyse earth observation data for a surface water application

Carry out a field experiment and motivate the scientific concepts applied

Develop a (scientifically) feasible business case plan in the field of surface water applications targeting a use in a non-
governmental organization (NGO) or commercial setting

Apply different stakeholder perspectives to a surface water related business case, and use these to create an effective
presentation

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 20
Tutorial 20
Supervised practical 20
Individual assignment 35
Group assignment 35
Self-study 64
Written/oral test 2
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TESTPLAN

Learning Outcomes that are addressed in the test
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LOS5  Develop a (scientifically) feasible business case plan in the field of surface
water applications targeting a use in a non-governmental organization (NGO) [ ]
or commercial setting
LO6  Apply different stakeholder perspectives to a surface water related business °
case, and use these to create an effective presentation
Test type Assignment(s) Presentation(s) Written Assignment(s) Assignment(s)
examination
Weight of the test 20 20 40 10 10
Individual or group test Individual Group Individual Individual Individual
Type of marking 1-10 1-10 1-10 1-10 1-10
Required minimum mark per test 5
Number of test opportunities per academic year 2 1 2 2 2
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SPECIALIZATIONS

HYDROLOGICAL AND ENVIRONMENTAL CYCLES

Course 201800275

Period 11 November 2024 - 31 January 2025
EC 7

Course coordinator ir. G.N. Parodi (ITC)
INTRODUCTION

The interrelated Water and Energy cycle ultimate control all water presence and climatic processes on Earth, and consequently, the
life of all beings and its quality. To understand those cycles is foundational to any conservative and sustainable action we, as
professionals, may attempt in our environment. This course digs into the most critical and delicate balance of nature.

To explain the importance of the components of the water and energy cycle, the course envisages two end practical examples: the
calculation of Water Productivity (Crop per Drop) and the evaluation of droughts. Water Productivity estimates is obtained after the
studies of the radiation balance and evapotranspiration and droughts is the end product of the previous learnings and the addition of
the precipitation, soil moisture and groundwater concepts. Along the course physical processes and their Remote Sensing retrievals
are fully integrated.

It is to note that this Q2.1 is designed being supplementary to the Q2.2, in a dual treatment manner, wherein Q2.1 focuses on the
understanding of Physical Processes and Q2.2 on Earth Observation of the Water and Energy Cycles of Earth System.

CONTENT

The content of the course follows a thematic partition imposed by the treatment of Water and Energy Balance of Earth System that is
widely accepted in most educational programs. The logical sequence is described as: First, the Radiation Balance Equation (RBE), is
used to evaluate “net” radiation on the ground to be used by the Earth System. The availability of water in the ground widely
determines how this radiation excess is used between heat and evapotranspiration by the use of Energy Balance Equation (EBE).
The EBE ultimately solves the evapotranspiration, that is the transfer of water between the surface and the atmosphere, triggering the
water cycle. The rest of the course digs in the understanding of the vertical components, fluxes and storages of the water cycle:
evapotranspiration, precipitation, water in soils (vadose and groundwater zones).

To integrate the components of the water and energy cycle, the estimation of Water Productivity and Droughts is exemplified giving an
adequate closure and allowing the division of the course in two periods as well.

The practical is linked to study cases for the processes and to Q2.2 for the from Remote Sensing.

The course has wrap up sessions where the EBE and the water cycle are used to analyze water excess or deficits and crop water
requirements.

¢ Week 1: Water and Energy Cycles on Earth Systems: Physics and Earth observation (SW&TIR).

e Week 2: Water and Energy Cycles on Earth Systems: Evapotranspiration processes.

¢ Week 3: Earth system atmosphere - Water Cycle: Evapotranspiration (continuation), portal sources and data acquisition.

¢ Week 4: Application on Water productivity. Earth system atmosphere - Water Cycle: Precipitation and its Earth Observation.

o Week 5: Earth system atmosphere - Water Cycle: Precipitation (continuation) and its Earth Observation.

¢ Week 6: Earth system soil: Soil Moisture processes in unsaturated zone.

¢ Week 7: Earth system soil - Ground water processes.

o Week 8: Earth system soil - EO for gravimetry and Microwaves in soil water.

¢ Week 9: Earth system soil - Microwaves in soil water (continuation) and EO calibration and validation. Application on Droughts.
¢ Week 10: Deliveries and Exams.

TEACHING AND LEARNING APPROACH

The course lasts for 10 weeks, with a balance time between Q2.1 (Physical Processes, this course) and Q2.2 (Earth Observations,
sibling course).

Lectures, usually during mornings, explain the physical process in the radiation, energy and water balance, its components and the
application examples to Water Productivity and Droughts. Lectures are both in class and recorded.

The practice is both supervised and unsupervised, although the responsible staff is always available for consultation. Practical style are
chosen to best suit the process under study: exercises using standard tools (Excel sheets, calculations) to grasp the main (1D)
“vertical” processes. The extension to 2-3D is done in Q2.2 in a natural conjunction along the course.

The blending between the theory and the practical is done through the use of Jupyter NoteBooks (JNB) where complementary
explanations and exercising are together. Python is slowly introduced in this routinely work that is part of the Centre of Expertise in Big
Geodata Science (CRIB) at ITC.

The course counts on Question Hour, practice quizzes and exploration in Field measurement and devices from the new LILA
experimental site of the UT.
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TESTS

Despite the integration between Q2.1 (processes) and Q2.2 (EO), for the assessments, there is a clear thematic partition between
Q2.1and Q2.2

The Q2.1 will assess the processes of Radiation, energy and water balance, evapotranspiration, precipitation, soil moisture and ground
water. That will be done with a combination of the following tests:

Test 1: Exam test: Overall weight: 50%.

Test 2: Assignments: single area, multiple aspects. with facilitated rubrics. Overall weights: (45% + 5% see below)

Test/s 3: Selected quizzes, exercises and minor assignments (when not practice). Overall weight is 5%, but not visible. Tests in this
group can also have a mark of no pass (0%), sufficient (3%) and pass (5%). Note that the mark of these test might be added to the
assignments. Consequently there will be no distinction for these test in the grading application.

About the test grades and course exam grades, these are given according to the Education and Exam Regulations (EER)
Resits

¢ The eventual resit of test 1 will receive a new grade between 1 and 10.
¢ The eventual resit of test 2 (assignments) will receive a new grade between 1 and 10 if the student submits a completely new
assignment or, it will receive a new grade between 1 and 6 points if the student submits a repair of the original assignment.

Example: The student marks are: exam 4.3 / Quiz 1: 7, Quiz 2: 8 / Assignment 5.4
The overall mark is calculated first: 4.3 * 0.50 + (7+8)/2 * 0.05 + 5.4 * 0.45 = 4.955
Since 4.955 mark is 5.0 as all course exam grades are rounded to 0.5 (except 5.5)

Consequently, the student must resit one or more of the three tests to pass the course.

ENTRY REQUIREMENTS

To have completed the Core Course of ITC (Quartile 1).

The strongly advised conditions are good skills in physics and math, high marks in the Remote Sensing related topics of the Core
(Q1), have previous exposure to hydrology and activities in the Water Sector.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand the concepts of Radiation & Energy Balance and the synergy in the water cycle.

LO2 Understand the water storage of nature and the forces and resistances acting over the water fluxes in the Earth-Atmosphere.
LO 3 Operate conceptual & 1-D models of flux exchange of precipitation and evapotranspiration.

LO4 Operate conceptual & 1-D models of flux exchange of soil moisture and conceptual models of groundwater.

LO5 Find and collect hydro related information from EO data supplied via the world wide web.

LO6 Analyze time series of weather and EO data for applications in Water Productivity and droughts.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 70
Written/oral test 6
Individual assignment 28
Self-study 92
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TESTPLAN

LO1

LO2

LO3

LO4

LOS

LO6

SPECIALIZATIONS

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...
Understand the concepts of Radiation &

Understand the water storage of nature and the forces and resistances acting over the water fluxes in the Earth-

Atmosphere.

Operate conceptual &

Operate conceptual &

Find and collect hydro related information from EO data supplied via the world wide web.
Analyze time series of weather and EO data for applications in Water Productivity and droughts.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Exam

Written

examination

50

Individual

1-10

Assignment

Assignment(s)

45

Individual

1-10

Quizzes

Written

examination

Individual

Pass/Fail
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ELECTIVES

3D MODELLING FOR CITY DIGITAL TWINS BASED ON GEOSPATIAL
INFORMATION

Course 201900060

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr. M.N. Koeva (ITC)
INTRODUCTION

This course is suitable for all specializations of ITC and students from UT (e.g., Civil Engineering, Computer Science, or Creative
Technology). It aims to provide the student with knowledge of different 3D city/building modelling methods (as a base for Digital Twins),
based on geospatial information. The students will be given the opportunity to practice with a variety of applications (e.g., GIS, BIM,
image-based, gaming, or Virtual reality and Augmented reality) to develop and interpret their own 3D city/building model.

To achieve this, theoretical and practical activities where the student can learn different 3D city/building modelling techniques and
methods, used in a variety of applications, based on geospatial data are used.

The student will have the opportunity to work on a 3D modelling/Digital Twin assignment.

CONTENT
3D city modelling as a base for Digital Twin creation:

¢ 3D modelling (geometry, topology, semantics)

3D city modelling (categories, standards, methods, formats)

3D reconstruction from images

3D visualization (Virtual reality/Augmented reality)

3D city modelling/Digital Twin applications

3D spatial databases

3D data integration BIM/GIS (e.g. for infrastructure/utilities, using FME)
Principles of parametric and generative design (using Dynamo/Refinery)
¢ CityGML (using FME)

TEACHING AND LEARNING APPROACH

¢ An active learning approach will be applied to the lectures

¢ Lectures are supported by PPT, videos, and references to reading material

¢ The students will have practical sessions and an individual assignment to practice what they learned from the theory

¢ The students will have the unique opportunity to select and practice the usage of a variety of open and closed-source geospatial
and gaming solutions for 3D city/building model creation (e.g. FME, VR/AR apps, Blender, SketchUp, CityEngyne, Unity3D,
Unreal Engine 5 and Twinmotion among other)

TESTS
o Written test (30%)
¢ Individual assignment (70%)

ENTRY REQUIREMENTS
Recommended knowledge on how to use ArcGIS/QGIS

Preferable experience with the usage of geoformation data and simple modelling techniques

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Distinguish the geometric, topologic and semantic 3D modelling.

LO 2 Classify and explain the variety of 3D modelling techniques and methods, and how the results can be visualized and stored in a
3D Database.

LO 3 Distinguish and explain the principles and differences between GIS, BIM and CityGML modelling and their applications

LO4 Select the most suitable 3D modelling technique to develop a 3D model for a concrete scenario.

LO5 Interpret the model outcomes.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 34
Supervised practical 30
Written/oral test 3
Individual assignment 35
Self-study 38
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... ’;‘ e
LO 1 Distinguish the geometric, topologic and semantic 3D modelling. [ ]
LO2  Classify and explain the variety of 3D modelling techniques and methods, and how the results can be visualized and stored in a °
3D Database.
LO3 Distinguish and explain the principles and differences between GIS, BIM and CityGML modelling and their applications [ ]
LO4  Select the most suitable 3D modelling technique to develop a 3D model for a concrete scenario.
LOS5 Interpret the model outcomes. (]
Test type Written Assignment(s)
examination
Weight of the test 30 70
Individual or group test Individual Individual
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

ADVANCED IMAGE ANALYSIS

Course 201900065

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr. M. Belgiu (ITC)

INTRODUCTION

This course will introduce students to advanced image analysis methods in order to enhance their problem-solving abilities in the field of
geo-information. Previous courses have covered basic image processing and analysis methods, such as traditional pixel-based
classification, which do not consider spatial correlations within images and thus fail to fully utilize the information contained in them. Our
objective in this course is to present more specialized image analysis methods.

Specifically, we will teach Support Vector Machine, as well as bagging and boosting-based machine learning methods like Random
Forest and XGBoost, for pixel-level classification using multiple data sources. Contextual classification will be addressed through the
introduction of Convolutional Neural Networks (CNNs) and Fully Convolutional Neural Network (FCN). We will also evaluate the impact of
sample size and different sampling methods on classification performance. Furthermore, we will discuss the advantages and challenges
associated with multi-temporal image analysis.

Throughout the course, these methods will be applied to real-life case studies, providing practical experience and illustrating their
effectiveness.

CONTENT

. Support Vector Machines for classification

. Feature selection

. Bagging and boosting-based machine learning methods for classification (Random Forest and XGBoost)

. Deep Learning with Convolutional Neural Networks (CNNs) and Fully Convolutional Neural Networks (FCN) applied for
classification

5. Multi-temporal image analysis for classification and change detection

A WON -

TEACHING AND LEARNING APPROACH

Image analysis requires theoretical concepts and practical skills. Lectures will be used to introduce the topics, followed by reading
textbook material. Research articles will also be recommended for those students who are interested in learning more about a specific
concept, method, algorithm etc. Practical classes will consist of a mixture of demos, individual work following written instructions, and
presentations of the outcomes during feedback sessions. In the practical classes, students will work with existing program codes and
modify them (to a limited degree). In this way, the students can get insight into the intermediate stages of the image analysis algorithms
and make decisions on the outcomes. Furthermore, a reflection on theoretical concepts will be made. In this way, a solid integration of
theory and practice will be achieved.

TESTS

Individual assignment (10%): After introducing each advanced image analysis method, students will participate in supervised practical
sessions. The individual work carried out during these practicals will be graded.

Individual final assignment (50%): The students will work in groups. Each group will select an environmental challenge/problem that
can be examined using either single-date or multi-temporal images. The group will then apply at least two of the methods covered in the
course to address the identified environmental problem. Each member of the group will approach the problem either by using different
method or differnt dataset(s). The classification results obtained by each group member will be compiled and compared within the
group. The assessment and grading will be conducted individually, taking into account the contributions made by each group member.

Written test (40%): Additionally, there will be a written test covering the topics of image analysis methods.

ENTRY REQUIREMENTS

All students in Geoinformatics specialization are accepted. Students following other specializations should have background in
programming and image analysis (contact the coordinator for more details).

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the impact of sample size and various sampling methods on the classification performance

LO2 To analyze and quantify the effect of different hyperparameters on classification results

LO 3 Assess the strengths and weaknesses of the traditional machine learning and deep learning methods taught in the course

LO4 Apply the advanced image analysis methods taught in the course to classify both single-date and multi-temporal images in
support of addressing environmental and societal problems

LO5 Critically interpret the classification results obtained using advanced image analysis methods
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 38
Written/oral test 3
Group assignment 37
Self-study 38
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Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Explain the impact of sample size and various sampling methods on the classification performance

To analyze and quantify the effect of different hyperparameters on classification results

Assess the strengths and weaknesses of the traditional machine learning and deep learning methods taught in

the course

Apply the advanced image analysis methods taught in the course to classify both single-date and multi-temporal

images in support of addressing environmental and societal problems

Critically interpret the classification results obtained using advanced image analysis methods
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Weight of the test
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

BIG GEODATA PROCESSING

Course 201900064

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr.ing. S. Girgin MSc (ITC)
INTRODUCTION

Thanks to the digital, mobile and sensor revolutions, massive amounts of data are becoming available at unprecedented spatial,
temporal, and thematic scales. This leads to the practical problem of transforming big geodatasets into actionable information that can
support a variety of decision-making processes. In this respect, scalable geodata science workflows are not only key to process big
geospatial datasets, but also to share the obtained information and knowledge and to ensure the reproducibility of the results.

To handle and analyse massive amounts of potentially heterogeneous spatio-temporal data, GIS specialists and researchers need to 1)
understand the particular characteristics of big geodata, 2) learn to work with scalable data management and processing systems, and
3) develop distributed but robust data mining and machine learning workflows. This course aims to provide the necessary know-how by
presenting theories, methods, and techniques to build scalable solutions for handling and analysing big geodata, and develop the
necessary skills through hands-on practical and code-along sessions.

CONTENT

. Introduction to big geodata.

. Accessing big geodata on the Cloud.

. Principles of big geodata management.

. Principles of big geodata modelling and analysis (clustering, classification and regression tasks).

. Principles of distributed and parallel computing.

. Off-the-shelf vs. do-it-yourself big geodata solutions (e.g. Google Earth Engine, dask-based solutions).

. Building scalable workflows to process geospatial data.

. Best practices in research code development with Python (e.g. code repositories, code versioning, profiling, reproducibility).

O~NOOOAWN =

TEACHING AND LEARNING APPROACH

In this course, students will learn the fundamentals of big geodata processing. Then, they will be introduced via lectures and exercises
to various distributed big data solutions, as well as the role of computing infrastructure and cloud computing. They will work in tandems
and create the necessary workflows to process geospatial data and perform various machine learning tasks at scale. Programming
skills and critical thinking to select the "best" algorithm and computational solution will be teached by the instructors via code-along
sessions. In this course, there will also be a strong emphasis on Open Science principles, with a focus on best practices in research
code development and scientific reproducibility.

TESTS
o Mini projects (75%)
¢ Peer review of mini projects (25%)

ENTRY REQUIREMENTS

The knowledge gained during the Scientific Geocomputing course is advantageous but not strictly necessary to follow this course.
Some self-study material will be provided through Canvas for students that do not follow the Geoinformatics specialisation. Practicals on
best practices in developing research code in Python will be performed at the beginning of the course to improve the necessary skills.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain to peers the fundamentals of big geodata processing.

LO2 Compare various big geodata solutions.

LO 3 Create the required data management and analytical workflows to execute a big geo-data project.
LO4 Design scalable workflows that run in the cloud, and consider options for efficient computing.
LO5 Prepare and maintain a code repository.

LO 6 Interpret the analytical results and demonstrate their reproducibility.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 30
Supervised practical 32
Individual assignment 8
Group assignment 46
Self-study 24
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... E R £
LO1 Explain to peers the fundamentals of big geodata processing. [ J
LO2 Compare various big geodata solutions. [ ] o
LO3 Create the required data management and analytical workflows to execute a big geo-data project. [ ]
LO 4 Design scalable workflows that run in the cloud, and consider options for efficient computing. [ ) [ ) (]
LOS Prepare and maintain a code repository. [ J
LO6 Interpret the analytical results and demonstrate their reproducibility. [ ]
Test type Assignment(s) Assignment(s) Assignment(s)
Weight of the test 50 25 25
Individual or group test Group Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 1 2 2
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CATCHMENT HYDROLOGY AND SURFACE WATER

Course 201800298

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr.ing. T.H.M. Rientjes (ITC)
INTRODUCTION

The course aims at various aspects of integrated water resource modelling for surface water assessments. Aspects of catchment
system representation for integrated surface water — groundwater, rainfall-runoff, floods, Lakes and water allocation for food production
will be addressed. Mechanisms on runoff production, model parameterization, model integration and coupling; multi-objective model
calibration, effects of time-space scales, model error propagation and uncertainties will be addressed. An introduction to numerical
1d2d flood-modelling will be provided. A number of case studies that employ satellite data (DEM/Rain/ET/Floods/Moisture) will be
discussed with emphasis on rainfall-runoff and flood modelling including stream flow modelling and water balance closure analysis. Use
of earth observation data of DEMs, flood-events and water cycle variables such as rainfall and evapotranspiration will be shown, as well
as use of data from climatic models for water resources impact assessments. Knowledge transfer is by lecturing and student
participatory teaching. A number of assignments are available. Digital terrain modelling by flying drones and processing of collected
terrain data will be practiced as well.

CONTENT

This course aims at a principle understanding on the various aspects of integrated water resource modelling. Generic aspects (e.g.
time-space representation, model initialization) and specific aspects of modelling (e.g. use of numerical boundary conditions and
calibration) will be discussed with emphasis on model design and building, and a broad understanding on model performance
assessments. Aspects of catchment system and process representation, model parameterization, time-space scales, model error
propagation and uncertainties will be addressed. A range of model applications including modelling in data scarce areas and crop
growth modelling will be addressed. A number of case studies are discussed with emphasis on catchment hydrology, stream flow
modelling, water balance closure, rainfall-runoff modeling, flood modelling and modelling of crop growth. Use of earth observation data
of water variables such as rainfall, evapotranspiration and floods is shown and, were possible, practiced in this course. In-situ data and
satellite data analysis are part of the course. Knowledge also is to be gained by student participatory teaching and self-study. A number
of assignments on catchment scale runoff and flood modelling are prepared. Assessment is done via an examination and assignments.

TEACHING AND LEARNING APPROACH
Combination of frontal and participatory teaching; Self-study, and Practical’s that serve submission of assignments.

TESTS
Exam and Assignments. For the exam and mean grade of the assignments minimum grades of 5 should be obtained.

ENTRY REQUIREMENTS
Proven knowledge on hydrology, EO and hydrological modelling concepts.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Conceptualize hydrological catchment system behaviour to construct a water balance.

LO 2 Select, set-up and run hydrological models.

LO 3 Assess functioning of model parameters as well as selected boundary condition.

LO4 Demonstrate and describe the approach to optimize model parameters by use of objective functions.

LO 5 Identify and argue for key factors that affect model performance so to reason for plausibility of obtained model performance.
LO 6 Interpret and explain the sources of error and uncertainty in modelling.

LO 7 Understand basic concepts of satellite data-model integration.

LO 8 Select and process satellite data to serve catchment and surface water modelling.

LO9 Assess water balance closure for integrated models by use of satellite and/or climate data data.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 52
Supervised practical 15
Written/oral test 3
Individual assignment 64
Self-study 62
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LO1

LO2

LO3

LO4
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LO9
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Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Conceptualize hydrological catchment system behaviour to construct a water balance.

Select, set-up and run hydrological models.

Assess functioning of model parameters as well as selected boundary condition.

Demonstrate and describe the approach to optimize model parameters by use of objective functions.

Identify and argue for key factors that affect model performance so to reason for plausibility of obtained model performance.

Interpret and explain the sources of error and uncertainty in modelling.

Understand basic concepts of satellite data-model integration.

Select and process satellite data to serve catchment and surface water modelling.

Assess water balance closure for integrated models by use of satellite and/or climate data data.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Individual assignments

Assignment(s)

50

Individual

1-10

Written or oral test

Written

examination

50

Individual

1-10
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DIGITAL TWIN EARTH FOR WATER, ENERGY, AND FOOD SECURITY

Course 201900071

Period 03 February 2025 - 18 April 2025
EC 5

Course coordinator prof.dr. Z. Su (ITC)
INTRODUCTION

Satellite, airborne and in-situ sensors provide ever increasing observation data of our environment. How can we effectively use these
data for monitoring, modeling and predictions of water resources, food and climate change? Digital Twin Earth (DTE) approach
provides a powerful solution for the above challenges.

The main component of DTE includes a digital replica of the physical world (e.g., a soil-plant model), and the data assimilation
framework. Data assimilation is a process in which observations are assimilated into a dynamical numerical model in order to determine
as accurately as possible the state of the physical system.

This course will introduce the theoretical background, the state-of-the-art methods of DTE soil-plant, data assimilation, as well as their
real world applications for drought monitoring and climate change adaptations. Field visits and field work will be organized to an
agroforestry site.

CONTENT
The course will introduce:

¢ Concepts and methods for building DTE including physical models, data assimilation, machine learning and data analysis

¢ Data assimilation schemes used in numerical weather prediction (e.g., common language and terminologies, Cressman analysis,
optimal least squares estimator, optimal interpolation, variational methods, particle filters, Kalman filters)

¢ Reanalysis data and climate data records

e Practicals in using the DTE STEMMUS-SCOPE system

TEACHING AND LEARNING APPROACH
Lectures, practicals (workshops), tutorials, individual assignment and group work, field work and written exam

TESTS
¢ 1 Written test (open book), weight 40%
¢ 1 Individual assignment (workshop), weight each 30%

¢ 1 Group assignment, weight each 30%

ENTRY REQUIREMENTS
Successful completion of year 1 MSc GEO domain modules, or equivalent

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 ¢ acquire the language, terminology and methods of Digital Twin Earth and data assimilation

LO2 ¢ learn the techniques for parameter estimation

LO3 ¢ apply practical data assimilation techniques to improve the modelling and predictions of the physical soil-plant system
LO4 ¢ be able to effectively use reanalysis data

LO5 ¢ be able to develop practical applications

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 32
Supervised practical 24
Tutorial 8
Written/oral test 4
Individual assignment 8
Group assignment 24
Self-study 32
Study trip 8
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... § e &
LO 1 e acquire the language, terminology and methods of Digital Twin Earth and data assimilation [
LO2 ¢ learn the techniques for parameter estimation Y
LO3 o apply practical data assimilation techniques to improve the modelling and predictions of the physical soil-
plant system L
LO4 e be able to effectively use reanalysis data [ )
LOS e be able to develop practical applications o
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 40 30 30
Individual or group test Individual Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2
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DRINKING WATER, SANITATION AND HYGIENE (WASH) FOR
IMPROVED HEALTH -7 EC

Course 202300341

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. C. Anthonj (ITC)
INTRODUCTION

This course highlights the importance that drinking water, sanitation and hygiene (WASH) have for human health and sustainable
development. Global and regional WASH inequalities will be analyzed, and data collection and evaluation tools introduced. Based on a
case study from a humanitarian context in the Global South, students will develop and design interventions to improve WASH access for
improved health. The course has been designed to be 10 weeks in length, with one lesson to be completed per week.

CONTENT

Drinking water, sanitation, hygiene for improved health provides a foundation of knowledge on the implications that water insecurity has
on human health. The course underlines the importance of water and health for sustainable development, considering the links to all
Sustainable Development Goals (SDGs). It focuses particularly on the role of drinking water, sanitation and hygiene (WASH) for the
prevention of water-related diseases.

The global WASH situation, and inequalities in terms of access to WASH, will be assessed by analyzing of global and regional datasets
available through the Joint Monitoring Programme (JMP) by the World Health Organization and UNICEF.

A local WASH situation, based on a case study from a humanitarian context in the Global South, will be provided to students to work
with. For this purpose, different data collection and evaluation tools commonly used by Humanitarian Organizations will be introduced
for students to use.

Based on the case study provided, students will develop and design interventions to improve WASH access for improved health, and
communicate their solutions to experts from the field.

TEACHING AND LEARNING APPROACH

This course combines theoretical knowledge in the form of live lectures and recorded guest talks with weekly assignments such as
interactive discussions and short presentations, and hands-on project implementation through supervised practicals and tutorials,
individual and group assignments. The teaching team consists of medical geographers, environmental engineers, urban planners,
parasitologists, humanitarian engineers and representatives of humanitarian organizations as experts providing feedback.

TESTS
Quizzes, discussions, presentations, student project, poster, essay

ENTRY REQUIREMENTS

This course is tailored to all students and working professionals with a keen interest in global public health, health sciences and
decision-making, humanitarian engineering, medical geography, GeoHealth, monitoring and evaluation, water and sustainable
development. It is addressed to those who want to not only learn about water, WASH and health, but also implement their knowledge
through hands-on project work, and design of interventions. The course is designed to accomodate students not only with diverse
backgrounds and from different faculties, but also with diverse levels of expertise (incl. MSc and PhD candidates) who want to learn
more about water for health.

The course requires a high level of English proficiency, thus, prospective students must meet the English language requirement, to be
proven by a language certificate. Basic computer experience, basic programming skills, basic data science and statistics are required.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand the links between drinking water, sanitation, hygiene and human health

LO 2 Discuss implications of WASH, health and sustainable development
LO 3 Define WASH elements and relate them to disease exposure

LO 4 Identify, access and compare WASH data at different levels

LO5 Analyze and visualize WASH inequalities

LO6 Use WASH data collection and evaluation tools

LO7 Design WASH intervention to improve human health

LO8 Report and reflect WASH solutions to experts
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 10
Supervised practical 20
Written/oral test 8
Individual assignment 80
Group assignment 30
Self-study 48
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ELECTIVES

Learning Outcomes that are addressed in the test
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Individual assignment 6 (report)
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Learning Outcomes that are addressed in the test

Learning
outcomes
(LO) of the
course:
The
student
will be

able to...

Individual assignment 1 (discussions)
Individual assignment 2 (presentation)
Individual assignment 3 (JMP 1)
Individual assignment 4 (JMP 2)
Individual assignment 5 (Inequality)
Individual assignment 6 (report)

Group assignment 1
Group assignment 2

Written exam

LO7 Design
WASH
intervention
to improve
human

health

LO 8 Report and
reflect
WASH [
solutions to

experts

Test type Assignment(s) Presentation(s) Written Assignment(s) Assignment(s) Assignment(s) Assignment(s) Presentation(s) Assignment(s)

examination

Weight of 10 10 10 10 10 10 20 10 10

the test

Individual or Individual Individual Individual Individual Individual Individual Group Group Individual

group test

Type of Pass/Fail Pass/Fail 1-10 Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail

marking

Required
minimum
mark per

test

Number of 1 1 1 1 1 1 1 1 2
test

opportunities

per

academic

year
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DRINKING WATER, SANITATION AND HYGIENE (WASH) FOR
IMPROVED HEALTH -5 EC

Course 202300129

Period 21 April 2025 - 04 July 2025
EC 5

Course coordinator dr. C. Anthonj (ITC)
INTRODUCTION

This course highlights the importance that drinking water, sanitation and hygiene (WASH) have for human health and sustainable
development. Global and regional WASH inequalities will be analyzed, and data collection and evaluation tools introduced. Based on a
case study from a humanitarian context in the Global South, students will develop and design interventions to improve WASH access for
improved health. The course has been designed to be 10 weeks in length, with one lesson to be completed per week.

CONTENT

Drinking water, sanitation, hygiene for improved health provides a foundation of knowledge on the implications that water insecurity has
on human health. The course underlines the importance of water and health for sustainable development, considering the links to all
Sustainable Development Goals (SDGs). It focuses particularly on the role of drinking water, sanitation and hygiene (WASH) for the
prevention of water-related diseases.

The global WASH situation, and inequalities in terms of access to WASH, will be assessed by analyzing of global and regional datasets
available through the Joint Monitoring Programme (JMP) by the World Health Organization and UNICEF.

A local WASH situation, based on a case study from a humanitarian context in the Global South, will be provided to students to work
with. For this purpose, different data collection and evaluation tools commonly used by Humanitarian Organizations will be introduced
for students to use.

Based on the case study provided, students will develop and design interventions to improve WASH access for improved health, and
communicate their solutions to experts from the field.

TEACHING AND LEARNING APPROACH

This course combines theoretical knowledge in the form of live lectures and recorded guest talks with weekly assignments such as
interactive discussions and short presentations, and hands-on project implementation through supervised practicals and tutorials,
individual and group assignments. The teaching team consists of medical geographers, environmental engineers, urban planners,
parasitologists, humanitarian engineers and representatives of humanitarian organizations as experts providing feedback.

TESTS
Quizzes, discussions, presentations, student project.

ENTRY REQUIREMENTS

This course is tailored to all students and working professionals with a keen interest in global public health, health sciences and
decision-making, humanitarian engineering, medical geography, GeoHealth, monitoring and evaluation, water and sustainable
development. It is addressed to those who want to not only learn about water, WASH and health, but also implement their knowledge
through hands-on project work, and design of interventions. The course is designed to accomodate students not only with diverse
backgrounds and from different faculties, but also with diverse levels of expertise (incl. MSc and PhD candidates) who want to learn
more about water for health.

The course requires a high level of English proficiency, thus, prospective students must meet the English language requirement, to be
proven by a language certificate. Basic computer experience, basic programming skills, basic data science and statistics are required.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand the links between drinking water, sanitation, hygiene and human health

LO 2 Discuss implications of WASH, health and sustainable development
LO 3 Define WASH elements and relate them to disease exposure

LO 4 Identify, access and compare WASH data at different levels

LO5 Analyze and visualize WASH inequalities

LO6 Use WASH data collection and evaluation tools

LO7 Design WASH intervention to improve human health

LO 8 Report and reflect WASH solutions to experts
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 10
Supervised practical 20
Written/oral test 4
Individual assignment 40
Group assignment 30
Self-study 36
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Test type Assignment(s) Assignment(s) Written Assignment(s) Assignment(s) Assignment(s)

Weight of the test 5

Individual or group test Individual

Type of marking Pass/Fail
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5 10 20
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EARTH OBSERVATION WITH UNMANNED AERIAL VEHICLES

Course 201900053

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator prof.dr.ing. F.C. Nex (ITC)
INTRODUCTION

The use of Unmanned Aerial Vehicles - UAVs (or drones) has surged in the last two decades, leading to remarkable changes in several
remote sensing applications. However, the development of best practices for high-quality UAV mapping is often overlooked representing
a drawback for their adoption in different domains. UAV solutions then require an interdisciplinary approach, integrating different
expertise and combining several hardware and software components on the same platform. This course aims to deliver both theoretical
and hands-on knowledge to acquire, process and interpret UAV data. The course addresses three specific and alternative application
domains: precision agriculture, water management and scene understanding. The basics of UAV mapping using visible, multispectral
and thermal images will be given in the first module of the course. After this first module, the students will be asked to select one of the
different application domains.

In the introductory UAV mapping module, all students will learn how to generate 2D and 3D maps from a set of overlapping images
through image orientation, point cloud generation, DSM and DTM extraction and orthophoto generation. The sensors to be used in the
different applications and how to assess the quality of the generated products will be discussed in detail.

In the second module of the course, students will apply the learned knowledge, learning how to design the image and map acquisition,
analyze and interpret the achieved results for one of the application domains. In this module, students will gain hands-on experience
with their involvement in a real UAV acquisition project.

¢ In the precision agriculture module, students will gain knowledge on the use of UAVs for precision agriculture and data-driven
decision-making on farmland. Along applied case studies students will use the data to estimate crop inventory parameters, analyze
crop health and detect potential diseases or nutrient requirements of the crops. Since droughts and a lack of water are becoming
more frequent, this domain will cover in detail how to assess crop water use and check if the crops suffer from water stress.
Finally, students will learn how to count and assess the health status of livestock based on UAV data. In all these cases, the
emphasis is on being solution-oriented and applied to solve real problems in precision agriculture.

¢ In the water management module, students will learn how to collect, compile, process and organize data obtained from UAVs for
surface flood modelling in rural areas or urban areas without an underground drainage network. This module will expose students
to a real case to apply the gained knowledge and produce results useful in hydrological and hydraulic models. Students will deal
with PC-based and mobile GIS software to combine fast data retrieval and validation. This module will complement the use of UAVs
with unmanned boats for bathymetric surveys.

¢ In the scene understanding module, students will learn the basics of deep learning with specific regard to semantic segmentation
and object detection algorithms. The aim will be to use these algorithms to classify the scene acquired by UAV data and detect
objects of interest in urban and rural contexts. Students will learn how to use the tools to run deep learning algorithms and extract
useful information for different applications (such as urban mapping or land use classification) from the acquired data.

Participants do not need prior knowledge of the course topics.

CONTENT
Topics of the course are:

¢ UAV mapping: Structure from Motion (SfM), dense image matching techniques; orthophoto generation; DSM and DTM extraction,
on-board UAVs sensors technical specifications and flight planning for different applications. These topics will be described
considering the specific problems related to the use of UAVs in the two application domains.

e UAV for precision agriculture: What grows on my field? - an introduction to plant and crop inventories (deriving crop density, crop
size and yield estimations from a map); Are my crops healthy or do they need a treatment? - an introduction to indices and index
calculation using multispectral data (deriving crop health and nutrient requirements from a map); Are my crops water stressed and
where and when should | irrigate? - an introduction to crop stress and water stress detection principles (deriving crop water
stress); How many animals are in my area, and do they have fever? - detecting animals in a map (count animals, check
temperature differences).

¢ UAV for water management: integration of the DSM and DTM into a Specialized DTM for flood analysis; generation of hydraulic
property maps from drones; planning, execution and production of bathymetric information for permanently flooded bodies;
organization of extracted information in files compatible with flood modelling software.

¢ UAV for scene understanding: basic of deep learning with specific regard to convolutional neural networks and different training
techniques (supervised, unsupervised, self-supervised); segmentation of UAV images; object detection from UAV images;
classification of the scene; hands-on practice with deep learning libraries.

TEACHING AND LEARNING APPROACH

The course will be given in blended learning mode with recorded lectures, supervised practicals, reading material and unsupervised
assignments. Feedback sessions will be regularly held to improve understanding and deepen the knowledge of students. A blog will be
available for further interaction with students. Fieldworks for UAV data acquisition and their data processing will be discussed in
different application domains.

The student will learn how to correctly process and interpret the acquired UAV images for a specific application, receiving both
theoretical and practical knowledge and gaining self-confidence and independence during the course.
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TESTS
o Written test (70%)
¢ Individual assignment (30%)

ENTRY REQUIREMENTS
All students should have basic knowledge of remote sensing.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LO5

LO6

LO7
LO8

Understand and describe the main steps of UAV mapping according to the different application domains (precision agriculture
or water management or Al-based scene understanding).

Describe the typical UAV data acquisition procedure and data processing for geo-information purposes, understanding the
technical decisions usually adopted in real practical cases.

Apply the learned mapping techniques using tools to generate useful information in one of the application domains (precision
agriculture or water management or Al-based scene understanding).

Analyse and evaluate the quality of the UAV-generated data according to the meant application (precision agriculture or water
management or Al-based scene understanding).

Analyse the outputs derived from UAV data and extract useful information for the considered application domain (precision
agriculture or water management or Al-based scene understanding).

Identify the major pros and cons of the use of UAVs upon the gained experience and relate them to the application domain
(precision farming or water management or Al-based scene understanding).

Design the UAV acquisition and effective data processing for one application domain, given different contexts.

Report and critically 'discuss' the scientific outcomes by providing relevant referencing in relation to an application domain
(precision agriculture or water management or Al-based scene understanding).

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 18
Tutorial 6
Written/oral test 3
Individual assignment 48
Self-study 41
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Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Understand and describe the main steps of UAV mapping according to the different application domains (precision agriculture or

water management or Al-based scene understanding).

Describe the typical UAV data acquisition procedure and data processing for geo-information purposes, understanding the

technical decisions usually adopted in real practical cases.

Apply the learned mapping techniques using tools to generate useful information in one of the application domains (precision

agriculture or water management or Al-based scene understanding).

Analyse and evaluate the quality of the UAV-generated data according to the meant application (precision agriculture or water

management or Al-based scene understanding).

Analyse the outputs derived from UAV data and extract useful information for the considered application domain (precision

agriculture or water management or Al-based scene understanding).

Identify the major pros and cons of the use of UAVs upon the gained experience and relate them to the application domain

(precision farming or water management or Al-based scene understanding).

Design the UAV acquisition and effective data processing for one application domain, given different contexts.

Report and critically 'discuss' the scientific outcomes by providing relevant referencing in relation to an application domain

(precision agriculture or water management or Al-based scene understanding).

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Written exam

Written

examination

70

Individual

1-10

Individual assignment

Assignment(s)

30

Individual

1-10
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ECONOMICS AND FINANCE FOR GEOSCIENCES

Course 202300180

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. M. Bockarjova PhD (ITC)
INTRODUCTION

Economic assessments, that include quantification of a wide range of impacts, are becoming an increasingly important and even
required tool for policy and decision-making in a growing number of domains and geographies. Geospatial data is an increasingly
important element that is instrumental to build up evidence for such economic assessments. Therefore, a good understanding of
economic and financial tools, their premises and the use is fundamental to geospatial experts, so as to enhance the societal uptake and
sound application of geospatial data. This will enhance expertise of geospatial scientists to perform advanced spatial decision making.
This course introduces students to the topics of Economics and Finance relevant to decision-making contexts, linking them explicitly to
the geoscience domains covered throughout the entire MGEO programme. Economic and financial aspects are therefore important
drivers of a growing range of challenges facing today’s societies, which are making the most vulnerable populations around the globe
increasingly vulnerable, and range from climate change and resource depletion to food shortage, social unrest, forced migration and
pandemic diseases. The pertinence of these challenges increases the demand for academic professionals who have the ability,
attitudes, and skills to design solutions that are sustainable, transdisciplinary and innovative with positive societal impacts. This course is
particularly instrumental in offering economic and financial insights relevant for embedding geoscience in the societal context of today’s
challenges.

The Economics and Finance course for MGEO is a graduate intermediate level course for all MGEO (and SE) students from various
backgrounds (mostly, non-economists). It will lay the foundations for economic and financial terminology, methods and approaches that
are relevant to the MGEO domains, both in terms of expertise and of utilized geospatial data. Topics to be covered in the course include
climate change and natural hazards, environmental economics, urban and regional economics and spatial finance.

CONTENT

This course will enhance the societal component taken from economic and financial perspectives of the MGEO goal for students to
become increasingly able to critically evaluate the use of geo-information and create new insights for analysing, modelling and
visualising the spatial and temporal dimensions of contemporary and imminent problems facing our society. Solutions to contemporary
challenges therefore need to link to economic processes. Understanding these linkages is an important pre-requisite for future
geospatial experts to be able to work effectively in interdisciplinary contexts in public, semi-public or business environments. Examples
include designing sustainable management solutions for water and natural resources; assessing ecosystem services in agricultural,
industrial and urban systems; identifying and responding to natural hazards in drafting development strategies; characterising settlement
dynamics and citizen demand for built environmental characteristics, development of financial tools like crop index insurance, and alike.

This course will therefore enable a graduate of MGEO to be better capable of unravelling geospatial processes and developing
(creating) small scale solutions for global problems as an applied scientist or a geo-information consultant. It will thus facilitate MGEO
graduates in being more competent to work at the nexus between technical specialists and decision-makers by being able to understand
the needs of relevant societal stakeholders and by tailoring their solutions to the prevailing societal context.

TEACHING AND LEARNING APPROACH

The Economics and Finance course for MGEO aims at embedding the geo domain knowledge into the societal context from the
perspective of economics and finance, thus setting the scene for specific applications in various geoscience domains covered in
MGEO curriculum (including different specializations). This course will help equip programme graduates to be better able to operate in
multidisciplinary environments and be more effective in tailoring geoscience approaches to support decision-making in private and
public domains.

It is our ambition in this course that acquisition and integration of knowledge is carried out in an interactive, multicultural and
international environment, through group work, discussion groups and individual assignments that should encourage the development of
critical thinking. This approach will ensure creative and societally relevant solutions to contemporary challenges.

TESTS

In this course, we will use a variety of formative (informal) assessment forms in addition to intermediate and final summative (graded)
assessments. In order to get hands-on experience and deep understanding of course material, students will work in groups and
gradually build a cost-benefit assessment based on a case from their interest domain during the entire course. This will enable students
to pass intermediate and final tests where they will demonstrate their knowledge of relevant concepts, and evaluate and reflect on
various aspects of CBA methodology and geospatial data use.

Work on CBA case (group) — 15%

Presentation of CBA case (group) — 15%

Concepts test (individual) — 20%

CBA evaluation (individual) — 50%

ENTRY REQUIREMENTS

The Economics and Finance course for MGEO is a graduate intermediate level course for all MGEO (and SE) students from various

backgrounds (mostly, non-economists). No entry requirements are set; basic knowledge of economic, finance or business is an
advantage.

The course will be run with a minimum of 5 students.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Evaluate and reflect on a cost benefit analysis in a case study from a geodomain perspective
LO2 Formulate recommendations about the relevant geospatial data for decision-making support, based on the cost-benefit analysis
methodology

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 50
Tutorial 30
Written/oral test 6
Individual assignment 35
Group assignment 35
Self-study 40
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... E E 8 8
LO 1 Evaluate and reflect on a cost benefit analysis in a case study from a geodomain perspective [ J [ ] [ ] [ ]
LO2 Formulate recommendations about the relevant geospatial data for decision-making support, based ° ° °
on the cost-benefit analysis methodology
Test type Presentation = Written test Assignment(s) Written
examination
Weight of the test 15 50 15 20
Individual or group test Group Individual Group Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test 6 6 6 6
Number of test opportunities per academic year 1 2 1 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ENTREPRENEURSHIP: A BRIDGE TOWARDS GEOSPATIAL
INNOVATION

Course 201900066

Period 03 February 2025 - 18 April 2025
EC 5

Course coordinator V. Venus MSc (ITC)
INTRODUCTION

The objective of this course is to equip the students with entrepreneurial skills.

Entrepreneurship is defined as the capacity and willingness to develop, organize and manage a business venture, along with any of its
risks, in order to make a profit. Entrepreneurship can be as an owned company, or internal in a company. This course focuses on
Entrepreneurial ‘spirit’ and is characterized by innovation and risk-taking; this is an essential part to succeed in an ever-changing and
increasingly competitive global marketplace (from ‘Business dictionary’; 2013). However, entrepreneurship is much broader than the
creation of a new business venture. It is also a mind-set — a way of thinking and acting. It is about imagining new ways to solve
problems and create value. In the context of changing paradigms in development corporation, giving a mayor role to the private sector in
the aid to trade agenda, this entrepreneurial mind-set will help our students to understand and effectively communicate with stakeholders
in public-private partnerships and to be active in the private sector as well. Entrepreneurship is, not without a reason, one of the key

21t century skills.

Hence, the focus of this course lies on creating an entrepreneurial mind-set to identify and developed business cases from geo-
information science that have economical, societal & environmental values.
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CONTENT

This course has been designed to facilitate a strong social and learner-centered environment, meaning that learning is active and
requires participation from all learners. You will be actively engaged in sharing, reading, reviewing, and commenting on your
classmates' work they post to their learnings and through our discussion forums. Teaching is not something that can only be done by an
instructor, you will also need to be involved and participate in the process.

A. Theory: Lean start-up approach
The content for this course is divided into 9 modules that are grouped into the following units:

- Introduction

- Orientation and expectations

- MOOC content
1. Asses proposition
2. Users and their Job-to-be-Done (JtbD)
3. Tech/Eco opportunities
4. Functionalities and tech. architecture
5. Use and Bizz case
6. Concept validation
7. Tech and Markect PoC, Project Pland
8. Start-up Branding and Pitching
9. Investment Readiness and Raising Capital

B. Project: design and evaluate a business idea

In this project you get to improve your professional and academic entrepreneurial and valorisation skills by scoping a real-life
entrepreneurial opportunity based on geo-information science, possibly linked to the topic of your MSc research. As with all ideas, they
say "the proof of the pudding is in the eating". So, in this phase we will hope to find answers to some key questions potential investors
and other collaborators will be seeking an answer to before committing to your business idea:

¢ What's your customer's perspective of your MVP (minimum-viable product)?

* Do they agree it solves a tangible pain point or creates a noticeable accelerator for them? Is the solution your MVP offers really
making their JtbD (Job-to-be-done) easier? In "walking" the customer journey, are they offered a competitive, viable alternative to
what they are used to?

¢ |s you business model transparent and acceptable to them?

¢ What's their willingness-to-pay in relation to how much time, costs, or frustration your solution helps to reduce?

Step-by-step as you incorporate peer-review and expert feedback, you will gradually reach the final phase of the business ideation
process: the validation of your Business idea. As your proof-of-concept gradually becomes more-and-more presentable, why not let
your potential users be the judge of your idea? They will be the ones paying for it, ultimately. Therefore, at each stage of the idea
validation you will learn how to propose different validation activities cards and methods starting with an easy-to-create mockup to
observe the customer's response your solution - either as a hand-sketch or digital mockup of the solutions.

C. Progress meetings and peer-feedback

Progress meetings and peer-feedback are foreseen to monitor and stimulate the interaction between staff and students. Student groups
will be presenting their progress, identifying the challenges and possible solutions. The students will have the opportunity to comments
on each other’'s works and ask questions to the scientific consultants.

D. Pitch
A pitch (with supporting 60 second movie) will be designed such that the business idea can be presented in a compelling and clear
manner to appeal to a broader audience.

E. Self-reflection report
A written self-reflection report (max. 400 words) on the learning process within the context of the learning outcomes of the course and
the contribution to the case studies supported with evidence (individual and mark).

TEACHING AND LEARNING APPROACH

Acknowledging the strength and effectiveness of peer learning, this course has been designed to facilitate a strong social and learner-
centered environment, meaning that learning is active and requires participation from all learners. You will be actively engaged in
sharing, reading, reviewing, and commenting on your classmates' work they post to their learnings and through our discussion forums.
Teaching is not something that can only be done by an instructor, you will also need to be involved and participate in the process.

TESTS
The assessment will consist of three tests:

¢ Test 1: Assignments and participation during sessions, need to finish the training (complete/ fail, 30%)
o Test 2: Project (60%)

1- Design and execution (40%)

2- Presentation (20%)
e Test 3: Self-reflection report (10%)

ENTRY REQUIREMENTS
Affinity with entrepreneurship and the use of geo-information for the development of practical solutions.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Understand the importance of the basic principles of the lean start-up method.

LO 2 Design start-up business models and experiment with relevant tools (e.g. business model canvas).
LO 3 Perform idea validation using tools (e.g. questionnaires, interviews, etc.)

LO4 Analyse the competition and pivot their original idea accordingly

LO5 Understand the importance of team, raising capital and pitching

LO 6 Appraise inclusive innovation business (model) ideas, e.g. along agricultural value-chains, that are likely work in “Bottom-of-
Pyramid” (BoP) markets.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 38
Supervised practical 14
Tutorial 10
Individual assignment 26
Group assignment 26
Self-study 26
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... g 5 8
LO1 Understand the importance of the basic principles of the lean start-up method. [ ] [ J
LO 2 Design start-up business models and experiment with relevant tools (e.g. business model canvas). [ ]
LO3 Perform idea validation using tools (e.g. questionnaires, interviews, etc.) [ )
LO4  Analyse the competition and pivot their original idea accordingly [ ) (]
LOS Understand the importance of team, raising capital and pitching [ ]
LO6  Appraise inclusive innovation business (model) ideas, e.g. along agricultural value-chains, that are likely work in ° °
“Bottom-of-Pyramid” (BoP) markets.
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 30 60 10
Individual or group test
Type of marking Pass/Fail 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 2
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ENVIRONMENTAL ASSESSMENT USING SDS AND ADVANCED EO
TOOLS

Course 201900045

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr. E. Neinavaz (ITC)
INTRODUCTION

How can spatial decision support (SDS) and advanced earth observation tools enhance the environmental assessment process in
order to ensure sustainable planning and decision-making?

Ad hoc and often uncontrolled development initiatives can have undesired social, economic, and ecological consequences. Rapid
population growth, pollution, climate change, exposure to hazards and disasters, and the loss of biodiversity and ecosystem services
require effective assessment tools to assist sustainable planning and decision-making.

Environmental Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) are the basic procedures to support this
process. The key principles of EIA and SEA are the involvement of relevant stakeholders, a transparent and adaptive planning process,
consideration of alternatives, and using the best possible information for decision-making and policymaking. They, therefore, improve
both the (spatial) planning process and the information used in this process. In addition, earth observation (EO) tools can provide the
biophysical baseline in a given geographical area and monitor the proposed activity, making the environmental assessment process
more efficient.

In this course, you will not only explore how to integrate SEA into the planning process to enhance sustainable decision-making but also
address how GIS, spatial decision support, and advanced EO tools such as an unmanned aerial vehicle (UAV) and high-resolution
space-borne imagery, can be used to help identify and structure the problem(s), as well as generate and compare possible solutions,
and monitor and evaluate the proposed activities.

Hands-on experience with real EIA and SEA projects will be a major part of the course.

CONTENT
The course is spread over ten weeks and is based on task-based learning, which integrates theory and practice. The course consists of
nine modules and includes the following topics:

¢ Introduction and EIA

e SEA: concepts, principles, stages and interaction with the planning process

* Stakeholder properties in the context of EIA and SEA

¢ Advanced EO tools: a review of UAV and high-resolution space-borne imagery principles, applications in environmental
assessments and their advantages

¢ Screening & Scoping: key elements & plan objectives, key issues, SEA objectives and identification of alternatives & options

¢ Assessment: baseline information, impact prediction & significance, mitigation, comparison of alternatives and justification for
selected one(s), taking stakeholders point of views; SEA report

o Spatial Decision Support tools in EA: spatial multi-criteria evaluation for site selection and vulnerability analysis using GIS
application

¢ Review and decision-making

¢ Monitoring

A final project dealing with a typical application within the field of environmental assessment for spatial planning

TEACHING AND LEARNING APPROACH

The course will be 'problem-driven’, based on learning by doing. Several real-life case studies from different disciplines will be offered to
gain hands-on experience in environmental assessment for sustainable planning and decision-making. Teaching will be based on
presentations, supervised and un-supervised practicals, self-study, plenary discussions, self-tests, project work.

TESTS
four individual assignments and a summary group report.

ENTRY REQUIREMENTS

¢ GIS and Remote Sensing skills
¢ Basic understanding of environmental issues
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the basic principles, procedures and steps in EIA & SEA and their integration in the planning process.
LO2 Analyze the potential application of GIS and advanced EO tools in the environmental assessment process
LO3 Summarizing relevant stakeholder properties in the context of EIA and SEA

LO4 Apply SDS tools to define, analyse and assess alternatives
LO5 Carry out an EA project dealing with a typical application within the field of SEA & EIA for spatial planning
LO6 Evaluate the use of GIS, EO and SDS tools in EA

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 26
Supervised practical 26
Individual assignment 32
Self-study 30
Tutorial 6
Group assignment 20

219



ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test

Assignment in Advantages and disadvantages of the use of SDS tools in EA

Assignment Visual identification of tree species from UAV imagery
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LO1 Explain the basic principles, procedures and steps in EIA & [ J (]
LO2  Analyze the potential application of GIS and advanced EO tools in the
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environmental assessment process
LO3  Summarizing relevant stakeholder properties in the context of EIA and SEA
[
LO4  Apply SDS tools to define, analyse and assess alternatives [ J
LOS5  Carry out an EA project dealing with a typical application within the field of °
SEA &
LO6 Evaluate the use of GIS, EO and SDS tools in EA [ ] [ ]
Test type Assignment(s) Assignment(s) Assignment(s) Assignment(s) Assignment(s)
Weight of the test 60 10 10 10 10
Individual or group test Group Individual Individual Individual Individual
Type of marking 1-10 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2 2 2
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ENVIRONMENTAL MONITORING WITH SATELLITE IMAGE TIME
SERIES

Course 202200017

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr. M. Huesca Martinez (ITC)
INTRODUCTION

The 218t century has witnessed an increase in the availability and use of satellite images to capture changes in landscape patterns
through time. You may have already been exposed to classical change detection analysis, which is a type of monitoring in which
changes in landscape patterns are quantified from satellite imagery between a couple of snapshots in time. Change detection analysis
in this way is insufficient however when the processes under investigation is highly dynamic, e.g., crop rotation and ecosystem
disturbances/recovery. Such cases require continuous monitoring of satellite images at frequent (annual/seasonal) intervals with time
series analysis (TSA). Continuous satellite image data, referred to as Satellite Image Time Series (SITS) in this course, are used to
monitor dynamic environmental processes in the three FORAGES themes (i.e. Forest, Agriculture and Environment). Ecological
indicators derived from SITS capture landscape patterns consistently at frequent intervals, which enable researchers and end-users
alike to detect both abrupt or seasonal changes and gradual trends over time. In addition, SITS spanning long periods of time, provide
insights into the “drivers of change” and underlying mechanisms governing change. Several satellite image archives are now publicly
available with the emergence of relatively inexpensive high-performance cloud computing platforms. Each archive presents unique
challenges in terms of acquisition and processing. At the same time, TSA encompasses an array of quantitative approaches to monitor
and forecast ecological indicators derived from SITS. These include among others, autoregressive (AR), moving average (MA) and
autoregressive moving average (ARMA) models.

The number of SITS and methods for TSA can make environmental monitoring with Earth observation data a daunting task. The overall
goal of this course therefore is to provide participants with sufficient knowledge and tools to acquire and process SITS, perform TSA on
ecological indicators derived from SITS and design a successful environmental monitoring solution. In the NRM course Earth
Observation for Natural Resources Management, students are asked to follow the Phinn et al. (2003) procedure when selecting and
using a single satellite image and analytical technique to address specific problems in natural resources management (Figure 1). In this
course, we shift attention away from early steps of the procedure (scale of observation and general analytical approaches) to latter
steps of the procedure (data acquisition, processing, analysis, and evaluation). These steps are elaborated upon in Kennedy et al.
(2009) for scientists and natural resource managers interested in integrating SITS into their environmental monitoring project.

We begin the course with a review of key terms and concepts in environmental monitoring with Earth observation outlined in Phinn et al.
(2003) and Kennedy et al. (2009). These include: landscape patterns, pattern-generating processes, and process interactions. The
course continues with the exploitation of SITS to identify eco-physiological traits (ecological indicators) that can be used to monitor
landscape patterns through time. With this foundation, we enter the nuts and bolts of the course: how to acquire, process, analyze and
evaluate SITS for environmental monitoring. We use the Google Earth Engine cloud computing platform, Breaks For Additive Season
and Trend (BFAST) algorithm, LandTrendr, and Box—Jenkins method for TSA at these stages. Google Earth Engine is a freely-available,
convenient, and widely used platform to acquire and process SITS. BFAST and LandTrendr are intuitive and widely used temporal
segmentation algorithms to decompose ecological indicators derived from SITS based on trend, seasonality, cyclical irregularity, and
structural changes. Box—Jenkins is a classical and systematic method for constructing ARMA models for retrospective time series
analysis and forecasting. The ARMA process consists of five stages: (i) model identification; (ii) model estimation; (iii) model validation;
(iv) forecasting; and (v) forecasting evaluation. You will then apply your new knowledge and skills to two case studies. The case study
involves identifying and modelling crop rotations with AR models and change detection with time series segmentation. These case
studies link a problem to an ecological indicator, SITS and method for TSA. For the remainder of the course, participants will form
groups to design and execute their own small environmental monitoring solution. Each group will present their findings to the entire class
at the end of the course.

CONTENT
¢ Key terms and concepts in remote sensing and environmental monitoring
¢ Ecological indicators derived from SITS
e SITS features and data pre-processing
o Time series decomposition with BFAST
¢ Box—Jenkins method for TSA
¢ Detecting ecosystem tipping points using classical time series analysis
¢ |dentifying and modeling crop rotation with AR models
¢ Change detection with time series segmentation (Landtrendr)
¢ Environmental monitoring group project

TEACHING AND LEARNING APPROACH

The course takes a student-centered (inquiry-based) approach to teaching and learning. Students assume an active/participatory role
in their education, while teachers are facilitators who encourage interaction with new material presented and reflective thinking. The
teacher uses class discussions, hands-on practicals and other experiential learning tools to track student comprehension, learning
needs and academic progress over a teaching unit. Four summative assessments (two individual writing assignments + written test +
final group project) measure how well the students achieve higher order thinking and learning outcomes.
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TESTS

¢ Two individual written assignments, one individual written test and one group oral assignment

ENTRY REQUIREMENTS

¢ Geo-Information Science and Earth Observation: A Systems-Based Approach
¢ Earth Observation for Natural Resources Management (or equivalent)

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain key concepts in environmental monitoring (landscape patterns, pattern-generating processes, and process interactions)

LO 2 Assess environmental problems through an Earth observation lens (ecological indicators, SITS acquisition and processing, TSA,
accuracy assessment)

LO 3 Simulate ecosystem tipping points with time series analysis

LO 4 Identify and model crop rotation with SITS and TSA

LO5 Detect changes with time series segmentation

LO6 Design and implement an environmental monitoring solution in which SITS are acquired, processed, analyzed, and evaluated

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 16
Supervised practical 31
Written/oral test 6
Individual assignment 14
Self-study 30
Group assignment 36
Tutorial 7
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Learning outcomes (LO) of the course: The student will be able to...

Explain key concepts in environmental monitoring (landscape patterns, pattern-generating
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Assess environmental problems through an Earth observation lens (ecological indicators, SITS

acquisition and processing, TSA, accuracy assessment)
Simulate ecosystem tipping points with time series analysis
Identify and model crop rotation with SITS and TSA

Detect changes with time series segmentation

Design and implement an environmental monitoring solution in which SITS are acquired,
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Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Learning Outcomes that are

Written Assignment
Written Assignment

Assignment(s) Assignment(s)

ELECTIVES

addressed in the test
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examination examination

30 0
Individual Individual
1-10 Pass/Fail
5.5
2 2

30 40
Individual Group
1-10 1-10
5.5 55

2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

ENGAGING CLIMATE COMMUNICATION

Course 202400402

Period 03 February 2025 - 18 April 2025
EC 5

Course coordinator dr.ir. J. Ettema (ITC)
INTRODUCTION

Will you make a difference in the climate change discussions? In this course, we introduce you to this new exiting field of impactful
communication skill in view of climate change: applied improvisation. So let's warm up to cool down global warming.

Everybody knows that climate change poses huge challenges to society. These challenges are complex and multi-disciplinary, without
a single best solution. In global context this causes inertia to change. There is a need for people who can create wake-up calls and
induce societal change based on convincing communication of scientific knowledge; so-called game-changers.

A game-changers is someone who has the courage and attitude to spark a multi-stakeholder dialogue. In this course one of the skills
that supports achieving a game-changers goals is central: applied improvisation. Enhancing your improvisation skills allows you to
create a positive atmosphere where people are working together, exploring innovative solutions in this highly uncertain, complex, and
chaotic world.

Are you open-minded, creative, and self-aware person who wants to become more knowledgeable, inspirational, perhaps a bit
provocative, and stronger in communication about climate change? Then, this course is for you!

This Engaging Climate Communication course is part of a series on Game-Changer's skills, where Climate Awareness Raising skill
course is in Q2.

CONTENT

This course focuses on the climate communication skill of applied improvisation. Strengthening your improvisation skills is meant to
support you in cultivating creativity and establishing collaboration in a multi-stakeholder dialogue. You will explore a variety of
improvisations techniques and get personal feedback via short personal assignments. During this course you will get familiar with the
PLAY! model, which supports you in your communication with others. In the end, you will gain confidence in knowing how to apply
improvisation techniques in embodied and intuitive ways, so a dialogue results in a more effective response to complex problems in a
personal manner.

Next to practicing and enhancing your communication skills, you will learn more about the challenges that climate change is posing to all
levels of the society. We address the scientific knowledge available as well as explore the need for solutions in society to cope with
these challenges. In the project, you will work on a real, actual case to bring your new skills in action and learn more.

In this course you learn the following:

- basic knowledge on climate change and climate data to better understand climate change challenges

- basic principles of applied improvisation skills; how to create a win-win situation for all stakeholders involved

- practise and enhance your communication skills by working on a real-world case, given by a variety of stakeholders

TEACHING AND LEARNING APPROACH

The course comprises a set of mandatory supervised practicals, where students explore their knowledge and skill levels under guidance
of a skilled teacher. Self-guided materials will be provided on the theory behind climate change and the communication skill addressed
to ensure students can enhance their climate change knowledge and communication skills accordingly, including quizes. The final
project is based on Challenge-based learning teaching approach, where students work in a group on a real-world case introduced by
stakeholders. Frequently feedback/intervision sessions and formative evaluations will be implemented to ensure students reflect and
communicate on their steps in the individual learning process with their peers and experts.

TESTS
The assessment of this course comprises of one graded assignments:
- individual final project report (100%). Due to the extent of this project, there is no second opportunity.

In addition, a number of formative assignments (pass/fail) will be given to provide feedback on student's individual learning paths. These
tests are not graded but completion is required to be able to participate in the final test.

In this course, Al can only be used for improving the English language.

ENTRY REQUIREMENTS

Open for students with an interest in climate change challenges and enhancing their climate communication skills, preferred with a
background in earth sciences, physical geography, water resources, geo-information, natural resources, natural hazards, soil science,
engineering.
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ELECTIVES

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand how to apply applied improvisation skills while practising in class

LO2 Design an original application dealing with the principles of applied improvisation for a real-world case

LO 3 Involving stakeholders effectively in the design of the product

LO4 Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 8
Supervised practical 20
Study trip 0
Individual assignment 40
Tutorial 24
Self-study 48

0
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test

b
2
Learning outcomes (LO) of the course: The student will be able to... &
LO1 Understand how to apply applied improvisation skills while practising in class (]
LO2 Design an original application dealing with the principles of applied improvisation for a real-world case [ J
LO3 Involving stakeholders effectively in the design of the product [ J
LO 4 Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed [ J
Test type Assignment(s)
Weight of the test 100
Individual or group test Individual
Type of marking 1-10
Required minimum mark per test
Number of test opportunities per academic year 1

229



RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

CLIMATE AWARENESS RAISING

Course 202400401

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr.ir. J. Ettema (ITC)
INTRODUCTION

Will you make a difference in the climate change discussions? In this course, we introduce you to this new exiting field of impactful
communication in view of climate change. Let's warm up to cool down global warming.

Everybody knows that climate change poses huge challenges to society. These challenges are complex and multi-disciplinary, without
a single best solution. In global context this causes inertia to change. There is a need for people who can create wake-up calls and
induce societal change based on convincing communication of scientific knowledge; so-called game-changers.

A game-changers is someone who has the courage and attitude to spark a multi-stakeholder dialogue. In this curse a new design space
is created for exploring innovative solutions in this highly uncertain, complex, and chaotic world. Are you open-minded, creative, and
self-aware person who wants to become more knowledgeable, inspirational, perhaps a bit provocative, and stronger in communication
about climate change? Then, this course is for you!

CONTENT

This course focuses on the climate communication skill of awareness raising. Enhancing this skill is meant to support you in informing
and educating various stakeholders with the intention of influencing society’s attitude, behaviour, and beliefs. In the form of workshops,
you will explore a variety of awareness raising techniques and strategies. With guest lectures we are bringing external expertise into the
classroom to learn from first hand what you can achieve with awareness raising. The aim is that you gain insight in the societal impact
of awareness raising materials and tool, so you recognize your own scientific or cultural bias and improve your skills.

Next to addressing the awareness raising skill, the challenges climate change is posing to all the levels of society are central in this
course. We address the scientific knowledge available as well as explore the need for education in society to cope with these
challenges. External stakeholders, e.g. WWF, are involved, who bring in their challenges with awareness raising to their target
audience. So you will work on a real, actual case to bring your new skills in action and learn more.

In this course you learn the following:
- basic knowledge on climate change and climate data to better understand climate change challenges
- basic principles of awareness raising skills; designing good looking, impactful materials

- practise and enhance your communication skills by working on a real-world case, given by a variety of stakeholders

TEACHING AND LEARNING APPROACH

The course starts with a small set of mandatory supervised practicals, where students explore their knowledge and skill levels under
guidance of a skilled teacher. Self-guided materials will be provided on the theory behind climate change and the communication skill
addressed to ensure students can enhance their climate change knowledge and communication skills accordingly, including quizes. The
final project is based on Challenge-based learning teaching approach, where students work in a group on a real-world case introduced
by stakeholders. The assessment is on individual assignment, which is accountability report on the group work done. Frequently
feedback/intervision sessions and formative evaluations will be implemented to ensure students reflect and communicate on their steps
in the individual learning process with their peers and experts.

TESTS
The assessment of this course comprises of one graded assignments:
- individual final project report (100%). Due to the extent of this project, there is no second opportunity.

In addition, a number of formative assignments (pass/fail) will be given to provide feedback on student's individual learning paths. These
tests are not graded but completion is required to be able to participate in the final test.

In this course, Al can only be used for improving the English language.

ENTRY REQUIREMENTS

Open for all students with an interest in climate change challenges and enhancing their climate communication skills, preferred with a
background in earth sciences, physical geography, water resources, geo-information, natural resources, natural hazards, soil science,
engineering.
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ELECTIVES

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Understand how to apply awareness raising skills while practising in class

LO2 Design an original application dealing with the principles of awareness raising for a real-world case

LO 3 Involving stakeholders effectively in the design of the product

LO4 Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 8
Supervised practical 16
Study trip 0
Individual assignment 40
Tutorial 16
Self-study 60

0
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TESTPLAN

LO1

LO2

LO3

LO 4

ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Understand how to apply awareness raising skills while practising in class

Design an original application dealing with the principles of awareness raising for a real-world case

Involving stakeholders effectively in the design of the product

Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed
Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Test 1

Assignment(s)

100

Individual

1-10
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

CREATIVE CLIMATE COMMUNICATION

Course 202400403

Period 03 February 2025 - 18 April 2025
EC 5

Course coordinator dr.ir. J. Ettema (ITC)
INTRODUCTION

Will you make a difference in the climate change discussions? In this course, we introduce you to this new exiting field of impactful
communication in view of climate science communication: creative climate communication. Let's warm up to cool down global warming.

Everybody knows that climate change poses huge challenges to society. These challenges are complex and multi-disciplinary, without a
single best solution. In global context this causes inertia to change. There is a need for people who can create wake-up calls and induce
societal change based on convincing communication of scientific knowledge; so-called game-changers.

A game-changers is someone who has the courage and attitude to spark a multi-stakeholder dialogue. There is a clear need for
creativity to ensure people are educated and have open-minds for changes. In this course, we are addressing creative communication
techniques and personal assets, the create a new design space. A design space, where we explore innovative solutions to communicate
about climate change and the need for society to adhere to this change, while it is a highly uncertain, complex, and chaotic world.

Are you open-minded, creative, and self-aware person who wants to become more knowledgeable, inspirational, perhaps a bit
provocative, and stronger in communication about your science? Then, this course is for you!

Creative climate communication is the third course in this series on Game-Changer's skills, where Climate Awareness Raising skill
course is in Q2 and Engaging Climate Communication is also in Q3. As all courses are addressing a different skillset, you can attend
any of them without having to complete the other courses as well.

CONTENT
The exact content is still under development. So this description on content might change slightly.

This course focuses on the climate communication skill of creative climate communication. It is meant to support you in cultivating
creativity in translating scientific conclusions into a variety of ways to expression knowledge. Creative communication will stimulate you
to capture the essence of a system, to translate science into a simple message which is instrumental to spark discussion, debate,
understanding and exploring new ideas on scientific challenges. You will gain insight in the power of creative communication and
recognize your own scientific or cultural bias in conveying your message to society.

In order to communicate, knowledge on the challenges that climate change is posing to all the levels of society is essential. We address
the scientific knowledge available as well as explore the need for education in society to cope with these challenges. In the final project,
you will work on a real, actual case to bring your new skills in action and learn more.

In this course you learn the following:
- basic knowledge on climate change and relevant information better understand society's climate change challenges

- basic principles of communication skills; designing good looking, impactful materials
- practise and enhance your communication skills by working on a real-world case, supporting a wide variety of stakeholders
Each year we introduce a different real-world case in the project, which is directly linked to ITC's research or projects

TEACHING AND LEARNING APPROACH

The course comprises a set of mandatory supervised practicals, which are in a workshop set-up where students explore their skill levels
under guidance of a skilled teacher. Self-guided materials and lectures will be provided on the theory behind climate change challenges
and the communication skill addressed to ensure students can enhance their climate change knowledge and communication skills
accordingly, including quizzes.

The final small project is based on Challenge-based learning teaching approach, where students work in a group on a real-world case
introduced by stakeholders. Frequently tutorial/feedback/intervision sessions and formative evaluations will be implemented to ensure
students reflect and communicate on their steps in the individual learning process with their peers and experts.

TESTS
The assessment of this course comprises of one graded assignment:
- individual final project report (100%). Due to the extent of this project, there is no second opportunity.

In addition, a number of formative assignments (pass/fail) will be given to provide feedback on student's individual learning paths. These
tests are not graded but completion is required to be able to participate in the final test.

In this course, Al can only be used for improving the English language.

ENTRY REQUIREMENTS
Open for students with an interest in climate change challenges and enhancing their climate communication skills, preferred with a
background in earth sciences, water resources, geo-information, natural resources, natural hazards, soil science, and/or engineering.
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ELECTIVES

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand how to apply creative communication skills while practising in class

LO2 Design an original application dealing with the principles of creative communication for a real-world case

LO 3 Involving stakeholders effectively in the design of the product

LO4 Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 16
Supervised practical 30
Individual assignment 40
Tutorial 16
Self-study 38
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ELECTIVES
TESTPLAN

Learning Outcomes that are addressed in the test

=
Learning outcomes (LO) of the course: The student will be able to... E

LO 1 Understand how to apply creative communication skills while practising in class [ J

LO2 Design an original application dealing with the principles of creative communication for a real-world case (]

LO3 Involving stakeholders effectively in the design of the product [ J

LO4 Reflect and evaluate the content and process of the learning experience on the climate change challenge addressed [ J
Test type Assignment(s)
Weight of the test 100
Individual or group test Individual
Type of marking 1-10
Required minimum mark per test
Number of test opportunities per academic year 1
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

GEO-HEALTH, QUARTILE 2

Course 202100001

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator prof.dr. J.I. Blanford (ITC)
INTRODUCTION

Geohealth integrates epidemiology with spatial data science. During the course students will be introduced to different spatial analysis
methods, spatial data science methods and spatial concepts useful for the analysis of health and disease. These include the collection
and use of geographic information, mapping of disease incidence and understanding where, when, why and how disease incidences
may be occurring.

CONTENT

Each week students will be provided with lecture notes and readings, be required to participate in a range of weekly activities that may
include taking a quiz, discussions and weekly projects. Each week students will focus on a single topic so that they can develop a
thorough understanding of how the spatial data method(s) can be used for tackling specific health or disease problem. Problem
scenarios range across data surveillance and infrastructure planning, spatial and temporal analysis of health or disease, modeling
vector-borne diseases, evaluating and planning health infrastructure, risk mapping and analysis as well as responding to disease
outbreaks and epidemics.

TEACHING AND LEARNING APPROACH
Readings: lecture notes and readings,

Weekly quizzes, discussions and projects.
Interactive peer-review

Individual term project where the student selects a topic and use what they learn during the course to the topic.

TESTS
weekly quizzes

ENTRY REQUIREMENTS

All students in Geoinformatics specialization are accepted. Students following other specializations should have a background in one or
more of the following: data science, epidemiology, statistics, health sciences or public health.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe how geospatial information, technologies and spatial analysis methods can be used in health and disease studies

LO 2 Identify data sources useful for exploring health and disease outcomes and distinguish and critique between authoritative vs.
non-authoritiative data sources;

LO 3 List factors important in understanding the ecology of vector-borne diseases; Apply map algebra, spatial statistics and raster
analysis to model risk of vector-borne disease - malaria

LO 4 Describe the research process used to investigate patterns associated with health and disease ; Calculate summary statistics
(central tendency, variability);Calculate the three centers of spatial data distributions; Describe the concepts of basic
biostatistics and how these can be applied to summarize and analyze health and disease data

LO5 Explain what cluster analysis is; Explain how cluster analysis can be used in health studies;List different clustering methods that
can be used for clustering analysis; Perform spatial clustering analysis and assess map and examine spatial patterns in the
data.

LO6 List factors important in determining accessibility to health care; Review different approaches used to model accessibility
to healthcare; Describe approaches useful for examining access to healthcare based on distance, time and cost;Explain the
map algebra concepts; Evaluate disparities of accessibility to health care; Propose solutions to improving access to health care

LO 8 Develop and execute an independent geohealth project.

LO9 Complete analysis and write-up of individual term-project.

LO 10 Present individual term-project and peer-evaluate term project
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ELECTIVES

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 20
Supervised practical 20
Written/oral test 10
Individual assignment 40
Group assignment 10
Self-study 40
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... § e &
LO1 Describe how geospatial information, technologies and spatial analysis methods can be used in health and ° °
disease studies
LO2 Identify data sources useful for exploring health and disease outcomes and distinguish and critique between ° ° °
authoritative vs. non-authoritiative data sources
LO3 List factors important in understanding the ecology of vector-borne diseases [ ] [ ]
LO4 Describe the research process used to investigate patterns associated with health and disease [ ] @ (]
LOS Explain what cluster analysis is [ ] [ ] [ J
LO6 List factors important in determining accessibility to health care [ ] [ ]
Lo7 [ ] [
LO 8 Develop and execute an independent geohealth project. [ ) @
LO9  Complete analysis and write-up of individual term-project. [ J [ )
LO 10 Present individual term-project and peer-evaluate term project [ ] [ ] o
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 20 70 10
Individual or group test Individual Individual Group
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1 1
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ELECTIVES

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

GEO-HEALTH, QUARTILE 4

Course 202100310

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator prof.dr. J.I. Blanford (ITC)
INTRODUCTION

Geohealth integrates epidemiology with spatial data science. During the course students will be introduced to different spatial analysis
methods, spatial data science methods and spatial concepts useful for the analysis of health and disease. These include the collection
and use of geographic information, mapping of disease incidence and understanding where, when, why and how disease incidences
may be occurring.

CONTENT

Each week students will be provided with lecture notes and readings, be required to participate in a range of weekly activities that may
include taking a quiz, discussions and weekly projects. Each week students will focus on a single topic so that they can develop a
thorough understanding of how the spatial data method(s) can be used for tackling specific health or disease problem. Problem
scenarios range across data surveillance and infrastructure planning, spatial and temporal analysis of health or disease, modeling
vector-borne diseases, evaluating and planning health infrastructure, risk mapping and analysis as well as responding to disease
outbreaks and epidemics.

TEACHING AND LEARNING APPROACH

Readings: lecture notes and readings,

Weekly quizzes, discussions and projects.

Interactive peer-review

Individual term project where the student selects a topic and use what they learn during the course to the topic.

TESTS
weekly quizzes

ENTRY REQUIREMENTS
All students in Geoinformatics specialization are accepted. Students following other specializations should have a background in one or
more of the following: data science, epidemiology, statistics, health sciences or public health.
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ELECTIVES

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1

LO2

LO3

LO4

LO5

LO6

LO7
LO8

LO9
LO 10

Describe how geospatial information, technologies and spatial analysis methods can be used in health and disease studies;
apply spatial analysis methods to describe health risks

Identify data sources useful for exploring health and disease outcomes; Explain why spatial data is special and limitations
associated with spatial data ;Distinguish and critique between authoritative vs. non-authoritiative data sources; Explain privacy
and ethical concerns associated with mapping and using health and disease data; Explore technologies and assess how these
can be used for collecting health and disease data

List factors important in understanding the ecology of vector-borne diseases; Examine the epidemiologic triad for different
vector-borne diseases;Examine different methods of complexity used to map and model vector-borne diseases; Explain
theoretical approaches and how overlay methods and raster-based modeling approaches can be used; Describe the
epidemiologic triad for malaria;Apply complex map algebra operations to model risk of vector-borne disease - malaria; Describe
how these outputs are useful for public health response.

Describe the research process used to investigate patterns associated with health and disease ; Calculate summary statistics
(central tendency, variability);Calculate the three centers of spatial data distributions; Describe the concepts of basic
biostatistics and how these can be applied to summarize and analyze health and disease data; Assess how (geo)visualizations
can be useful for examining disease.

Explain what cluster analysis is; Explain how cluster analysis can be used in health studies;List different clustering methods that
can be used for clustering analysis; Perform spatial clustering analysis and assess map and examine spatial patterns in the
data. Peer-review term project

List factors important in determining accessibility to health care; Review different approaches used to model accessibility

to healthcare; Describe approaches useful for examining access to healthcare based on distance, time and cost;Explain the
map algebra concepts; Evaluate disparities of accessibility to health care; Propose solutions to improving access to health care
Same as LO6

Explain Epidemic theory; Identify what surveillance data are important; List the steps important in an outbreak investigation;
Describe the spatial tools that are useful at each of these steps; Identify data limitations during a crisis (pandemic)-

response situation; Analyze and describe the spread of an outbreak/pandemic and distribution of human cases; Critique
analytical outputs and data visualizations and evaluate their usefulness in assessing and communicating risk; Create an
interactive outbreak map that would be useful for communicating risk; Evaluate the usefulness of web maps in communicating
risk during an on-going outbreak

Complete analysis and write-up of individual term-project.

Present individual term-project and peer-evaluate term project

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 36
Supervised practical 20
Written/oral test 16
Individual assignment 58
Group assignment 10
Self-study 56
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... § e &
LO 1 Describe how geospatial information, technologies and spatial analysis methods can be used in health and ° °
disease studies
LO2 Identify data sources useful for exploring health and disease outcomes [ J [ ) (]
LO3 List factors important in understanding the ecology of vector-borne diseases [ ] [ ]
LO 4 Describe the research process used to investigate patterns associated with health and disease [ ] [ ]
LOS Explain what cluster analysis is [ ] [ ] [ J
LO6  List factors important in determining accessibility to health care [ ] [ )
LO7  SameasLO6 [ J [ J
LO8 Explain Epidemic theory [ ] [ ]
LO9  Complete analysis and write-up of individual term-project. [ ) @
LO 10  Present individual term-project and peer-evaluate term project [ J [ ) (]
Test type Written Assignment(s) Assignment(s)
examination
Weight of the test 20 70 10
Individual or group test Individual Individual Group
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 1 1 1
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ELECTIVES

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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GEO-JOURNALISM

Course 201900068

Period 03 February 2025 - 18 April 2025
EC 5

Course coordinator V. Venus MSc (ITC)
INTRODUCTION

The objective of this course is to equip students with an interest in geo-journalism skills to deliver spatial products and thematic
information in a condensed, easily understandable format addressing the appropriate level for broad societal uptake.

Stories about our Planet are broad by nature and it is the job of a journalist to help pin down the often interconnected reasons that drive
environmental change. The growth of large, publicly accessible datasets presents the media community with new opportunities, but this
also comes with the need for new skills to turn this trove of information into easy-to-understand, evidence-based stories. Simultaneously,
ITC/UT has been teaching applied geo-information sciences for +60 years, but with increasing emphasis on academic skills in recent
years. According to a recent survey, however, more than 80% of our alumni do not pursue an academic career. Therefore, an all-new
MSc course on geo-journalism is presented which teaches students to combine geodata, data analytics, and various Bodies of
Knowledge (BoK) in creating compelling (cartographic) infographics to support their storytelling. Using this knowledge and skill, students
are enabled to create compelling (cartographic) infographics in minutes rather than days. These infographics are fully semantically
enriched, allowing others to see and question the data sources and underlying analyses. With each course assignment, students
gradually populate their online NEWSroom with blog articles annotated by these (cartographic) infographics. As portfolio of the
student’s environmental storytelling efforts, this NEWSroom also helps improve their personal branding since their reporting is
automatically indexed by Microsoft Bing and Google search because of the Semantic Web.

The skills taught in this course provide important ‘spill-overs’; the open-source technology stack used not only facilitates fact-checking
of claims made in news and blog articles, but also those in scientific journal articles. Studies show that only 10~30% of published
science articles are reproducible. Many argue this is a logical result of the publishing format as in most papers textual reference is
made such as “this experiment was conducted as previously reported [insert reference here]” instead of a live reference to the online
executable algorithm and workflow to recreate the results. Our hope is that it will enable those with an enthusiasm for storytelling to use
these rapid geo-information pipelines to support their valorisation efforts in publishing (reviews) of scientific findings and how to
stimulate viral spread across the Internet.

CONTENT

This course will prepare the students to become vocal individuals who have ability, attitudes, skills and know-how necessary for
sound geo-journalism for the valorisation of research results and uptake addressing the appropriate level of understanding for an
audience.

The course is structured as follows: (a) basic theory (frontal teaching), (b) advanced concepts (flipped classroom), (c) getting practical;
storytelling, (d) editorial meetings, (e) NEWSroom of co-authored blogs and infographics by groups of students, and (f) Self-reflection
report.

A. Basic theory
The course starts with frontal lectures consisting of traditional and guest lectures.

A.1 Traditional lectures
Develop knowledge and insights in storytelling about our natural world:

¢ Discover the story by identifying elements in scientific findings that contradict, agree, or deviate from popular opinion
¢ How to write a news article in a ‘foldable’ manner
¢ Business models for (semi) professional geo-journalism

A.2. Guest lectures
A series of guest lectures will be organized:

¢ Facts and values in journalistic practice
¢ Social media strategies
¢ Cross-media strategies

B. Advanced concepts: flipped class room

Online martials are provided to the participants through which they will enhance their competencies in authoring and reviewing blog
article with an associated (cartographic) infographic related to a contemporary issue. The aim of this phase is to discover a students’
learning path and to prepare them for the role of author, editor, and publisher in a role-play (phase in C).

Master rapid, online executable EO workflows for geo-journalism and online publishing:

¢ Appraise methods, tools, and data that help summarize these findings using an infographic

¢ Elaborate data needs for the infographic

¢ Subset geo-data by time, space, and parameter for the infographic

¢ Propose rapid geo-data processing functions and reduce the data dimensionality meaningful for the infographic
¢ Present and augment computer-generated infographics to be visually appealing and easy-to-understand

Master robust, online peer-review workflow to stimulate viral spread across the Internet:

¢ Understand the basic principles of the Semantic Web 3.0 and the structured data types for "fact-checking”

¢ Demonstrate an understanding of the full definition of ClaimReview (schema.org/ClaimReview)

¢ Demonstrate authoring of a (review) claim (schema.org/CreativeWork)

¢ Understand how truthfulness ratings are assigned using the reviewRating of the ClaimReview-process (schema.org/Rating)
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¢ Understand how the claim being checked by multiple reviewers can be summarised programmatically (based on a crowd of fact-
checkers)

Appraise strategies and reasons to build a personal brand:

¢ Understand practical ways to build-out your online presence

* Be able to tell a story orally, pitch your perspective on a contemporary environmental issue in less 3 minutes

¢ Discriminate social media strategies

¢ Understand (non)monetary business models for (semi) professional geo-journalism (e.g. freelance journalism, personal
branding, or valorisation of research results)

C. Getting practical; storytelling (oral and written) and roleplaying

In this phase you get to improve your geo-journalism skills by working on a story covering a real-life, contemporary environmental

issue backed by geo-information science. This requires that you use multiple theories and tools from geo-information and journalism in
an integrated fashion. Given the technical readiness of geo-journalism, several social-cultural aspects also deserve attention such as
what are the (perceived) occupational or cultural barriers to be publicly outspoken.

Four contemporary issues (study cases) are presented to students, whereby groups of students will jointly work on the design cycle of a
story, frequently alternating the student’s role from author-editor-publisher-reader. Below an example design cycle:

¢ Read up on promising fact-checking articles and discuss why some spread virally across the Internet

¢ Compare the findings of three scientific articles (focus on the abstract and conclusions), are there elements that deviate from
popular opinion (contradict, agree)?

* Write an appropriate "lede" for the story you have in mind: hard-news ledes are generally used for breaking news and for more
important, time-sensitive stories. Feature ledes are generally used on stories that are less deadline-oriented and for those that
examine issues in a more in-depth way.

¢ Write the main body of the blog post in a 'foldable’ manner such that the reader can 'skip over' sub-paragraphs while still
understanding the main point of the story

¢ By hand, sketch a dummy infographic that would support the main elements of the story.

¢ Review the handwritten dummy infographic from one of your peers: does it support the main elements of the story?

* (Optional) Create the online-dereferenceable, reproducible EO workflow needed to create the infographic (based on the sketch)

The design cycle of a blog or news article is an iterative process. This means that throughout the project you will improve each design
step by going back and forth between steps until a satisfactory result is achieved, and checked by a potential reader or paying
publisher. This means design iterations and rework are a natural part of this design cycle, all with the sole goal of improving the young
geo-journalist.

D. Editorial meetings

Editorial meetings are foreseen to monitor and stimulate the progress of the students. The student groups will be presenting their
progress in identifying and telling stories, addressing the challenges, and proposing possible solutions. The students will have the
opportunity to comments on each other’s works and ask questions to the scientific and professional consultants.

E. NEWSroom

As part of the students’ growing journalistic aspirations, with each course assignment students gradually populate their online
NEWSroom with blog articles annotated by (cartographic) infographics as personal portfolio of their environmental storytelling efforts.
This NEWSroom also helps to improve their personal branding since their reporting is automatically indexed by Microsoft Bing and
Google search because of the ReviewClaim-tag, incl. their work in the various role-playing modes, e.g. as editor and reviewer, where
fact-checking and feedback on the scientific rigor of underlying facts, incl. data, method, results and discussion, are presented in a
scientific and clear manner.

F. Self-reflection report
A written self-reflection report (max 400 words) on the learning process within the context of the learning outcomes of the course and
the contribution to the case studies supported with evidence. (individual & mark)

TEACHING AND LEARNING APPROACH

This course integrates blended learning with storytelling teaching approach. Blended learning combines face-to-face lectures with
flipped classroom via online learning materials. Tutorials are self-learning online materials that stimulates learning by doing with some
limited coaching. The students will work, hereafter, in multinational groups (consisting of 3-4 persons) on a article or story, combine and
develop their skills in role-playing, and present in a “simulated” public hearing setup.

TESTS

o Test 1: Assignments and attendance, need to finish the course elements & provide peer-review feedback (20%) (summative:
completed/fail)

¢ Test 2: Reviewing journalistic work (30%)

¢ Test 3: Blog/news article and fact-check assignment (60%)
1- Blog article with Claim (20%)
2- ClaimReview (20%)

o Test 4: self-reflection report (10%)

ENTRY REQUIREMENTS
Affinity with the use of geo-information science for data journalisms, infographics, and building an online presence.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Discover and tell a story that is appealing.

LO 2 Gain insights in journalistic best practices by publishing scientific results in the media.
LO 3 Master tools for geo-journalism and online, rapid executable EO workflows.

LO4 Master robust, online peer-review workflow to stimulate viral spread across the Internet.

LO5 Valorise on research results by appraising and recommending suitable methods to summarize scientific findings for a broader
audience using infographics and social media blog articles.

LO6 Understand practical ways to build-out your personal brand.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 22
Supervised practical 14
Tutorial 10
Individual assignment 26
Group assignment 26
Self-study 42
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GEODATA VISUALIZATION

Course 201900059

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator prof.dr. M.J. Kraak (ITC)
INTRODUCTION

This course Geodata Visualization covers aspects of geovisual analytics, in particular, with respect to time series of movement data of
people, animals, and goods. The objective of this course is to learn how to prepare and integrate, transform, and visually analyse the
data to reveal spatio-temporal patterns and trends. Participants will, based on the methods introduced, develop visual environments for
answering questions related to a real-world scenario. These visual environments will combine interactive and dynamic map and diagram
displays with a focus on user-centred design.

CONTENT
¢ Information visualization (0.5 EC): interactive visualization pipeline; visual sense making; visual clutter; design space
¢ Geovisual analytics (0.5 EC): movement data and time series; flow map and other visual origin—destination representations
* Data preparation (0.5 EC): data structures and scales of measurement; data transformation
¢ User-centred design (0.5 EC): user requirements; user interaction; functionality
¢ Case study (3 EC): tool options; implementation of a visualization; qualitative and quantitative evaluation methods

TEACHING AND LEARNING APPROACH

The lectures provided seek to raise a theoretical and practical understanding of how to analyse, design, implement, and evaluate
visualizations. The lectures are complemented by practicals, in which the participants work on group and individual assignments
to consolidate what they have learned in practice.

TESTS

¢ Essay (for demonstrating the ability to design visualizations for a specific task; 25%)
¢ Presentation (about the implementation of two visualizations; 40%)
¢ Report (evaluation of the two visualizations implemented; 35%)

In case a participant fails any of these tests, he/she is granted the possibility to improve it, with the opportunity to achieve a maximum
mark of 6. If one test is failed, it is not possible to proceed with the next one.
For further information, please see the test plan.

ENTRY REQUIREMENTS
No formal ones.

This elective requires a minimum number of 8 students.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the basics of geovisual analytics, and understand its usefulness in solving real world (movement data related) problems.

LO 2 Evaluate the different data transformation and visual representation options to display complex movement data.

LO 3 Design and built a prototype of a visual representation based on real work data (case study).

LO4 Follow a user-centred, evaluation-based design approach in choosing and applying appropriate visual representations to analyse
a particular spatio-temporal problem.

LO 5 Explain and justify the selection of components of a geovisual working environment in the context of a selected problem case,
considering the usefulness of the application of dashboards.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 12
Supervised practical 8
Individual assignment 42
Group assignment 42
Self-study 36
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... H K §
LO1 Explain the basics of geovisual analytics, and understand its usefulness in solving real world (movement data °
related) problems.
LO2 Evaluate the different data transformation and visual representation options to display complex movement °
data.
LO3 Design and built a prototype of a visual representation based on real work data (case study). o
LO 4 Follow a user-centred, evaluation-based design approach in choosing and applying appropriate visual °
representations to analyse a particular spatio-temporal problem.
LOS Explain and justify the selection of components of a geovisual working environment in the context of a °
selected problem case, considering the usefulness of the application of dashboards.
Test type Assignment(s) Presentation(s) Assignment(s)
Weight of the test 25 40 35
Individual or group test Individual Group Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2
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GEOPHYSICS - IMAGING THE UNSEEN

Course 201800320

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator prof.dr. M. van der Meijde (ITC)
INTRODUCTION

This course serves to deliver knowledge on tools for 3D characterization, visualization and modelling of the subsurface. The
development of homogeneous 3D subsurface information systems is important for various fields such as for environmental monitoring,
soil studies, groundwater, natural hazards, and earth resources.

Many earth processes have a source or a component below the surface. Understanding of the spatial and temporal variation of physical
parameters in the subsurface therefore gives additional insight in these processes and their extent. This could be the extent of pollution
plumes, distribution of water, nutrients, mineral resources, or e.g. sliding planes of landslides.

The course offers possibility to specialize in two geophysical methods and study these in detail, and final project.

CONTENT

The course starts with an overview of modern concepts in subsurface characterization and (dynamic) modelling. This will be based on
the theoretical basis for the various geophysical tools and techniques. Next, through demos and field work, participants are familiarized
with the geophysical method(s) relevant to an application area of their own interest. Finally, through small projects, relevant (sub)surface
processes are linked to subsurface properties whereby participants are confronted with natural limitations of the various tools and
techniques.

Topics include:

¢ Physical properties of rocks, minerals and soils

¢ Theory and practice of geophysical techniques (e.g. geo-electrical, electromagnetic, ground penetrating radar, seismics, gravity,
magnetics)

¢ Analysis of various multi-scale, multi-temporal, and multi-source data sets

¢ Modelling (2D/3D) of physical properties in the subsurface

¢ Relation of derived models with physical processes

* Application of the above in various case studies related to specific fields of interest

¢ Prepare and evaluate geophysical proposals

TEACHING AND LEARNING APPROACH

Students can choose their own methods (2) to study, which are relevant for their study and/or work and will focus on these methods
throughout the course. The teaching is therefore based on self-learning and application of geophysical methods through projects and
fieldwork.

TESTS
Individual bid report and evaluation (40%), individual presentation final project (30%), written exam (30%).

ENTRY REQUIREMENTS
Open for students with a background in earth sciences, physical geography, water resources, soil science, environmental science,
engineering, applied physics/mathematics, with an interest in earth systems.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe the various geophysical methods and its equipment to study, model and visualize the subsurface in 2D/3D.

LO 2 Determine the applicability of geophysics in 3D subsurface characterization for various applications.

LO 3 Develop a geophysical bid for a study of the subsurface supported by a decision support system to select the right tools and
techniques.

LO4 Evaluate geophysical bid proposals (dynamically) model subsurface parameters and processes.

LO5 Extract subsurface parameters from analysis, modelling and visualization of geophysical data.

LO6 Analyse derived subsurface parameters in relation to (sub)surface processes.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 16
Individual assignment 98
Group assignment 14
Self-study 44
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... 3 E (g- ‘;‘
LO1 Describe the various geophysical methods and its equipment to study, model and visualize the ° °
subsurface in 2D/3D.
LO2  Determine the applicability of geophysics in 3D subsurface characterization for various
[ J [ [ J
applications.
LO3 Develop a geophysical bid for a study of the subsurface supported by a decision support system °
to select the right tools and techniques.
LO 4 Evaluate geophysical bid proposals (dynamically) model subsurface parameters and processes. [ J
LOS Extract subsurface parameters from analysis, modelling and visualization of geophysical data. [ J [ )
LO6  Analyse derived subsurface parameters in relation to (sub)surface processes. [ ] [ ]
Test type Assignment(s) Assignment(s) Assignment(s) Written
examination
Weight of the test 20 20 30 30
Individual or group test Individual Individual Individual Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2 2
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INTERNSHIP

Course 201900002

Period 02 September 2024 - 04 July 2025
EC 10

Course coordinator B. Jaarsma - Knol (ITC)
INTRODUCTION

The internship is a credit-bearing experiential activity in a professional work environment. Its primary purpose is to integrate knowledge
and theory with practical applications and skill development in a host organization.

It is the responsibility of a student to organize and execute an internship. The internship coordinator provides feedback and guidance in
the process.

The internship may be conducted within consultant companies, government agencies, research institutes, NGOs or intergovernmental
organisations in the Netherlands or abroad. ITC has a working relationship with these organisations and has made agreements on the
possible placement of interns. The student will be able to apply for an internship topic based on interests and preferences and will
develop this topic into an internship project plan (IPP) prior to the start of the internship.

During the internship, the student will receive guidance from a daily supervisor in the organisation concerned. A member of the ITC
scientific staff who is an expert on the area of the internship topic will be assigned as ITC internship supervisor. At the end of the
internship, the student will have to hand in an internship report (IR) in which the results and experiences are discussed and which
reflects on the learning that has been achieved during the internship. The supervisor of the host organization will give feedback on the
professional skills using the Host Evaluation Form (HEF).

Students choosing to carry out internships will have the opportunity to:

¢ Develop working knowledge in the operationalization of geo-information science;

e Learn new practical skills and gain confidence in entrepreneurial and professional settings;
e Practice communication and teamwork skills;

¢ Establish a network of professionals;

* Boost their career prospects;

¢ Become a more motivated life-long learner.

CONTENT
The internship focuses on executing specific tasks of a project or research related to the integration of M-GEO knowledge within the
context of a host/client organization. It involves spending part of the second year working at a company/organization as part of a team.

TEACHING AND LEARNING APPROACH

The process of the search for the internship is predominantly the student’s own responsibility but it is facilitated by the ITC internship
coordinator. Orientation for an internship can be started the moment the student is enrolled in the academic year but should start at least
6 months prior to the desired start date for an internship in The Netherlands and preferably a whole year in advance for an international
internship. This extra time is required for arrangements that need to be made.

ITC is providing a database with host organizations and internship assignments from which the student can choose. It is also possible
that the student suggests an internship assignment or organization in the field of geo-information science.

The internship coordinator facilitates and supports the student throughout the whole internship process. The UT online tool “mobility
online” is used to monitor the internship procedure. An internship can only start after approval and signing of the internship assignment
and the Internship Project Plan (IPP) — to be signed by three parties; host organization, student and ITC internship supervisor (i.e.
examiner). The ITC supervisor is responsible for the quality check of the content of the internship assignment and Internship Project
Plan. Itis also mandatory to have a signed internship agreement before the internship commences.

During the internship, the student will receive supervision and guidance from an ITC internship supervisor as well as a daily supervisor
at the host organization. A minimum of 8 full-time weeks will have to be spent on the internship, with an indicative maximum of 20 weeks
(i.e.2 quartiles). Irrespective of the length of the internship within these limits. The number of credits awarded after successful
completion of the internship remain 10 EC > (280 hours).

Due to the research orientation of the MSc programme an internship can start when a student has obtained sufficient credits of the first
year (46 EC) to present and defend an MSc Research proposal.

The internship has to be concluded with an internship report (IR) and a presentation in the organization and/or at ITC. This internship
report provides a content description of the process and results of the internship and includes a discussion of the problem and context,
objectives of the assignment, the question addressed, the method used, analyses performed, results and discussion.

TESTS
Internship shall be assessed as completed/uncompleted using three appraisals:

¢ (60%) Internship Report (IR), received from the student
¢ (40%) Host Evaluation Form received by the host organization (HEF)
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ENTRY REQUIREMENTS
¢ Approved study plan for the second academic year
¢ Obtained 46 EC of the first year
¢ Internship Project Plan approved by Supervisor and Internship Coordinator
¢ IPP & Internship Agreement signed by the student, the host organization and the faculty ITC

IMPORTANT:

Whether an internship is possible in a certain country could depend on scholarship conditions. As these are different for each
scholarship provider, the internship coordinator should be consulted to provide clarity on this issue.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1
LO2
LO3
LO4

Develop a deliverable that integrate M-GEO knowledge with the practical applications of a host/client organization.
Operate practically and confidentially in entrepreneurial and professional settings.

Reflect/evaluate the content and process of the learning experience of the internship.

Communicate the internship results effectively to the client/industry and academics.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Written/oral test 24
Individual assignment 256
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Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Develop a deliverable that integrate M-GEO knowledge with the practical applications of a host/client organization.

Operate practically and confidentially in entrepreneurial and professional settings.

Reflect/evaluate the content and process of the learning experience of the internship.

Communicate the internship results effectively to the client/industry and academics.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Host evaluation

Internship Report

Assignment(s) Assignment(s)

40

Individual

1-10

60

Individual

1-10
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INTRA URBAN SPATIAL PATTERNS AND PROCESSES

Course 201800306

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. J.A. Martinez (ITC)
INTRODUCTION

This elective explores the socio-spatial inequality challenges that impact both the urban environment and the quality of life of urban
residents. We focus on capturing and understanding diverse forms of knowledge related to intra-urban variations in quality of life,
including socioeconomic status and health. A deeper understanding of the resulting socio-spatial patterns is essential for targeting
multiple deprived areas and implementing land, area-based, and regeneration policies. Particular attention will be paid to different scales
of analysis and categorisations.

The course adopts a challenge-based learning approach, where students identify a learning path to solve socially relevant challenges
related to urban quality of life and well-being. This course employs a mixed-methods approach and presents various methods for
analysis. Through lectures, reading assignments, exercises, and group work, students learn to combine quantitatively derived patterns
and measures with qualitative data sources and analyses. For group collaboration and self-reflection, each student will keep a diary to
report their work, observations, challenges, and strategies related to the methods used.

CONTENT
Context and application

¢ Intra-Urban Socio-Spatial Patterns in Urban Studies and Land Administration;
¢ Spatial Justice and Inequality;

¢ Quality of Life / Community Well-Being and Deprivation;

e Socioeconomic Status and Health;

¢ Diverse Forms of Knowledge;

¢ Targeting and Regeneration, Area-Based Policies and Land Services.

Methods

¢ Data Reduction, Factor Analysis;

¢ Geodemographics ["Analysis of People by Where They Live"], Neighbourhood Analysis and Targeting, Cluster Analysis, K-Means;

¢ Patterns and Scale Issues (MAUP);

e Spatial Autocorrelation;

¢ Intra-Urban Patterns and Change;

¢ Patterns of User-Generated Data and Qualitative Data, Qualitative GIS, Mixed-Methods Approach, "Objective" and "Subjective"
Measures;

¢ Spatial Analysis of Qualitative Data, Geo/Place Quotation, ATLAS-ti Software Geocoding and Content Analysis.

TEACHING AND LEARNING APPROACH
Active participation and critical reflection are embedded in a challenge-based learning approach.

Participation and attendance:

¢ Due to educational activities that require active involvement (e.g., group presentations), the lecturer may demand mandatory
attendance during lectures or parts thereof.

The course coordinator will communicate this at the start of the course.

TESTS

Two group assignments and two individual assignments (see test plan for details)
Type of marking: 1-10

ENTRY REQUIREMENTS

Knowledge of GIS at the Level of Core Courses or Higher;

Ability to Independently Apply GIS Software;
Knowledge of Basic Statistics.
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LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe the relevance and validity of selected qualitative and quantitative methods in the context of urban studies and planning.

LO 2 Apply qualitative, statistical, and GIS-based spatial analytical methods to detect and analyse intra-urban socio-spatial patterns.

LO 3 Analyse the intra-urban socio-spatial patterns in relation to current theoretical and empirical debates in urban studies and
planning.

LO4 Interpret results and relate these to policy implications.

LO 5 Identify a learning path to solve socially relevant challenges related to urban quality of life and well-being.

LO6 Collaborate and communicate with inter- and transdisciplinary colleagues to shape socially relevant challenges related to urban
quality of life and well-being.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 35
Supervised practical 19
Tutorial 16
Written/oral test 6
Individual assignment 32
Group assignment 48
Self-study 40
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TESTPLAN

Learning Outcomes that are addressed in the test

>
c
< 8
$ g 5
© ©
T 3 2
: :
3 S 2 g
5 d a >
Learning outcomes (LO) of the course: The student will be able to... & 8 8 e
LO1 Describe the relevance and validity of selected qualitative and quantitative methods in the °
context of urban studies and planning.
LO2  Apply qualitative, statistical, and GIS-based spatial analytical methods to detect and analyse
([ (] [ J [
intra-urban socio-spatial patterns.
LO 3  Analyse the intra-urban socio-spatial patterns in relation to current theoretical and empirical °
debates in urban studies and planning.
LO4 Interpret results and relate these to policy implications. [ J
LOS5 Identify a learning path to solve socially relevant challenges related to urban quality of life and ° °
well-being.
LO6  Collaborate and communicate with inter- and transdisciplinary colleagues to shape socially ° °
relevant challenges related to urban quality of life and well-being.
Test type Assignment(s) Presentation(s) Assignment(s) Assignment(s)
Weight of the test 15 15 25 45
Individual or group test Group Group Individual Individual
Type of marking 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 1 1 2 2

267



ELECTIVES

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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quality of life and well-being.
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LAND CHANGE MODELLING

Course 201900202

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. N. Schwarz (ITC)
INTRODUCTION

What are the processes influencing the spatial pattern of urban sprawl? What could future scenarios of deforestation look like? How
can simulation models inform land use policies? How can | interpret land cover change simulations? This course is for students who are
interested in such questions!

This elective is a hands-on introduction to land cover / land use change models. Such models can help to understand and simulate the
outcomes of often rapid and extensive land cover / land use changes, such as deforestation and urbanisation. In this course, students
will get to know three popular modelling methods: spatial logistic regression, cellular automata and agent-based modelling. Students will
develop conceptual understanding, and practical and analytical skills from case study-based learning by doing. The course is divided
into two parts: In the first part, students will get to know the three methods and learn the basics of NetLogo, the programming
environment used in this course. In the second part, students will choose one method and apply it to their own case study, working in
groups.

CONTENT
Land use modelling foundations: model purposes and underlying assumptions;

Land use / cover change modelling approaches:

¢ Spatial Logistic Regression
e CA model
* ABM

Critical reflection on different modelling approaches;

In-depth application of one modelling approach. Depending on the chosen approach, this may also include data collection and
evaluation.

The three modelling methods will be introduced using an urban case study. In the group work phase, students can also select a case
study from other land use/cover change contexts.

TEACHING AND LEARNING APPROACH

For lectures, a flipped classroom approach is used. Students will watch pre-recorded lectures and/or read an article, and staff and
students meet in the classroom to discuss questions. This way, students can watch the lectures whenever they want and at their own
pace. Discussing articles more in-depth will strengthen their understanding of the topic. Supervised practicals and discussion boards
are dedicated to learning the basics of NetLogo and working with the modelling methods, so that students can get help when stuck.
During the group work phase, students also strengthen their time management and organisational skills.

TESTS
Summative:

e Individual essay
e Group report (written + oral presentation) on in-depth application of one modelling approach

Since the group report requires a lot of practical work, the resit option is limited to a repair with a maximum mark of 6.

ENTRY REQUIREMENTS
Students will need:

* Knowledge of GIS and remote sensing at level of M-GEO Core, i.e. ability to independently apply GIS software and basic concepts
of image classification;
¢ Knowledge of basic statistical methods and tests (e.g. linear ).

Students do NOT need programming skills in NetLogo or other programming languages, basic skills will be acquired during the course.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the foundations of land use / cover change modelling approaches.

LO2 Relate the functional requirements for three modelling methods with available data and resources in a case study.
LO 3 Apply one of three methods for modelling land use / cover change.

LO4 Critically reflect on model outcomes.

LO5 Propose, with justification, a suitable modelling approach for a given problem situation.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 50
Group assignment 86
Self-study 36
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... e &
LO1 Explain the foundations of land use / cover change modelling approaches. o
LO2 Relate the functional requirements for three modelling methods with available data and resources in a case study. [ ]
LO3 Apply one of three methods for modelling land use / cover change.
LO 4 Critically reflect on model outcomes. [ ]
LOS Propose, with justification, a suitable modelling approach for a given problem situation. [ )
Test type Assignment(s) Assignment(s)
Weight of the test 50 50
Individual or group test Individual Group
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2
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LAND USE AND TRANSPORT INTERACTION (LUTI)

Course 201900138

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator dr. A.B. Grigolon (ET)
INTRODUCTION

The interaction between land use and transport is complex, multifaceted, and dynamic. Land use development influences transport-
related decisions/behavior and transport decisions influence where, when, and how land development takes place.

In this course, key theories that underlie land use transport interaction are discussed, along with their modeling foundations. Special
attention is given to spatial interaction theory, which is of relevance to the study of optimal service locations, accessibility analysis at
various levels of detail, simulation, and forecasting, and can also be used to optimize and manage network throughput.

This course covers important modeling foundations of networks and spatial interaction as a basis for accessibility analysis in GIS.

Students will conduct a scenario study and examine the land use, mobility, and accessibility impacts of land use and transport policy
strategies, using GIS-based land-use/transport interaction measures for the Netherlands.

The course will be offered to ITC students and CEM students as part of a joint-teaching collaboration between Faculties ITC (UPM) and
ET (CEM). Please note that all elective courses at ITC are 7 EC, while the elective courses at ET are 5 EC.

CONTENT
1. Introduction

* Urban and regional planning foundations, urban form, land use and transport interaction theory, spatial interaction theory
¢ Challenges of modeling interaction in urban and regional planning

2. Network geography

¢ Network geography and indicator development
¢ Multimodal network modeling

3. Transport Equity and accessibility
4. Accessibility modeling

* Various methods and approaches to accessibility modeling
¢ GIS application in accessibility modeling
¢ Case study on multimodal accessibility modeling

TEACHING AND LEARNING APPROACH

Active participation, critical reflection, oral presentation. In addition to lectures and practical assignments, the learning of course
concepts is complemented with paper discussion sessions, where students are expected to lead a paper discussion session, position
their views about different research articles, and activate their peers with points for discussion. The staff act as observers.

TESTS
7EC Course (ITC):

Test 1: 30% Critical review of a research article (Individual mark)
Test 2: 50% Written project report (Group mark)

Test 3: 20% Written reflection report linked to Test 2 (Individual mark)
5EC Course (ET):
Test 1: 40% Critical review of a research article (Individual mark)

Test 2: 60% Written project report (Group mark)

Type of marking: 1-10
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ENTRY REQUIREMENTS

Ability to independently apply GIS software. Knowledge of GIS at the level of ITC Core courses or higher is preferred. At Q1 a course
on "GIS for transport” is offered to CEM students and exchange students as an introductory course to GIS.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the theoretical and modelling foundations of models in urban and regional planning and the role therein of networks and
spatial interaction.

LO 2 Apply models for network analysis and accessibility analysis.

LO 3 Analyse and reflect on model outcomes using a real world case study.

LO 4 Describe the strengths and limitations of GIS in modelling networks and land use transport interaction.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 18
Supervised practical 28
Tutorial 2
Individual assignment 22
Group assignment 98
Self-study 28
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TESTPLAN

Learning Outcomes that are addressed in the test

Critical review of a research article

b b
2 2
Learning outcomes (LO) of the course: The student will be able to... & &
LO 1 Explain the theoretical and modelling foundations of models in urban and regional planning and the role therein °
of networks and spatial interaction.
LO2  Apply models for network analysis and accessibility analysis.
LO3  Analyse and reflect on model outcomes using a real world case study.
LO4  Describe the strengths and limitations of GIS in modelling networks and land use transport interaction.
Test type Assignment(s) Assignment(s) Assignment(s)
Weight of the test 30 50 20
Individual or group test Individual Group Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test 5.5 55
Number of test opportunities per academic year 2 1 1
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LASER SCANNING

Course 201800310

Period 21 April 2025 - 04 July 2025
EC 7

Course coordinator prof.dr.ir. M.G. Vosselman (ITC)
INTRODUCTION

Airborne, terrestrial and mobile laser scanning are modern technologies to acquire and monitor the geometry of the Earth's surface,
objects above the surface like buildings, trees and road infrastructure, and even building interiors. This course provides an overview of
the state of the art of these techniques, potential applications, like digital terrain modelling and 3D city modelling, as well as methods to
extract geo-information from the recorded point clouds.

CONTENT

¢ Principles of airborne, terrestrial and mobile laser scanning

¢ Sensor and point cloud properties

* Point cloud registration, accuracy potential, error sources and correction methods, quality analysis
¢ Point cloud visualisation

¢ Point cloud segmentation methods: surface growing, RANSAC, Hough transform

¢ Classification of point clouds: handcrafted features and deep learning

¢ Digital terrain models: extraction of terrain points and break lines

¢ 3D city and landscape modelling for digital twins, extraction of vegetation characteristics

¢ Acquisition and modelling of indoor environments

TEACHING AND LEARNING APPROACH

Lectures, recorded mini-lectures, flipped classroom, supervised exercises, self-study. The lectures will focus on providing a first
overview of the various topics as well as on the explanation of the more advanced point cloud processing methods. Not every topic will
be addressed in the lectures. The students are expected to study five book chapters and selected articles independently. During the
course, several lecture hours will be used for discussion of the studied book chapter and articles.

TESTS

In an individual assignment, you will analyse a selected scientific paper related to laser scanning and orally report your findings. The
result of this assignment counts for 20% of the course mark. A mid-term test will assess knowledge of laser scanning technology and
planning and counts for 20% of the course mark. The written test at the end of the course counts for the remaining 60%.

ENTRY REQUIREMENTS

This is a technical course. Basic knowledge of mathematics and physics as taught in Bachelor programmes is required. Basic Python
and remote sensing knowledge is an advantage, but not strictly required.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain how to combine GNSS, IMU, and range finder measurements as well as relative sensor registration parameters to
generate a point cloud.

LO 2 Design survey plans to acquire point clouds of outdoor and indoor environments taking into account the accuracy and point
density requirements.

LO 3 Evaluate the quality of laser scanning datasets.

LO4 Select and apply the best methods for point cloud segmentation, classification, and object modelling.

LO5 Interpret and analyse point cloud processing results.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 40
Supervised practical 12
Written/oral test 3
Individual assignment 16
Self-study 125
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... s § ‘;‘
LO1 Explain how to combine GNSS, IMU, and range finder measurements as well as relative sensor registration ° °
parameters to generate a point cloud.
LO2  Design survey plans to acquire point clouds of outdoor and indoor environments taking into account the accuracy ° °
and point density requirements.
LO3 Evaluate the quality of laser scanning datasets. [ J
LO4  Select and apply the best methods for point cloud segmentation, classification, and object modelling.
LOS Interpret and analyse point cloud processing results. (]
Test type Presentation(s) Written Written
examination examination
Weight of the test 20 60 20
Individual or group test Individual Individual Individual
Type of marking 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2 2
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MODELLING MULTI-HAZARDS & RISK

Course 202001493

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator prof.dr. C.J. van Westen (ITC)
INTRODUCTION

This course provides an advanced understanding in the assessment of dynamic risk for multi-hazards from hydro-meteorological and
geological origin (e.g. landslides, floods, debris flows). This course presents approaches to evaluate how multi-hazard risk might change
over time. Multi-hazard risk assessment (MHRA) is the quantitative estimation of the spatial distribution of potential losses for an area.
These relate to multiple natural hazards with different hazard interactions, with multiple event probabilities, for multiple types of elements-
at-risks, and multiple potential loss components. The course first discusses the various types of hazard interactions. An overview is
given of the tools available for multi-hazard assessment, stressing the importance of developing integrated physically-based multi-hazard
models. One of such models, OpenLISEM Hazard, is treated in detail, and the participants will get hands-on experience in the use of
this integrated physically-based multi-hazard model, and the data requirements. After discussing problems involved in analyzing static
MHR, the course addressed the analysis of changing multi-hazard risk as a basis for decision-making. These changes may be related
to changes in triggering or conditional factors, increasing exposure of elements at risk, and their vulnerability and capacity. Dynamic
risk can be evaluated in the long term because of changes in climate, land use, population density, economy, or social conditions.
Changes in risk might also be occurring in a short time frame and assessed as a basis for Early Warning and impact based
forecasting, and to analyze the consequences of hazard interactions after major events.

CONTENT

The course teaches how to conduct quantitative multi-hazard modelling, and how this is used in risk assessment, how the risk
components (hazards, elements-at-risk and vulnerability) can be obtained, and how risk information can be used in risk reduction
planning.

The course will have two major components:

¢ Modelling Multi-Hazards. The first component of the course deals with the use of integrated, physically based models for
analyzing multi-hazard interactions, for example, the hazard interaction that occur in mountainous areas during extreme rainfall
(flashflood, landslides, debris flows). Users will learn how to work with OpenLISEM Hazard (h
https://blog.utwente.nl/lisem/download/) The model includes interactions between rainfall-runoff processes, slope stability, slope
failure, sediment and water mixture, entrainment, and deposits. Catchment-scale hydrology directly causes flooding and
influences slope stability, failure and runout. Input data related to topography, soils, vegetation, and land use are provided as
raster data. Rainfall data is given per time step for specific rainstorm events. The OpenLISEM tool can be used for both
forecasting and assessing the hazard and risk of multi-hazards related to hydro-meteorological extremes. The OpenLISEM
Hazard model is used in a final project to model multi-hazard in a case studies, and to re-model the hazard for the various risk
reduction alternatives.

¢ Analyzing Multi-Hazard Risk. The main focus of the second half is on the quantitative analysis of risk, and how information on
changing risk is used in decision making for disaster risk The methods are demonstrated using a tutorial dataset, and the risk
assessment is carried out using GIS tools. The participants analyze economic and population risk and evaluate the risk level.
Various risk reduction alternatives are defined, and updated hazard maps, assets information and vulnerability information
reflecting the consequences of these alternatives are used to re-analyze the risk. Cost-benefit analysis is carried out to define
which alternative is best and reviewed in a stakeholder workshop. Several possible future scenarios in terms of climate change,
land-use change and population change are taken into account, and risk is calculated for various future years. Students design
optimal combinations of alternatives & scenarios. Students will also learn how the methods can be integrated within a Spatial
Decision Support System for analyzing risk dynamics

TEACHING AND LEARNING APPROACH
The course will consist of:

* (Online) Interactive lectures, where an introduction is given to the various topics. The lectures will also be available later as videos.
The course is given in hybrid mode, as an online course, as well as face-to-face in ITC.

¢ Supervised practical. These will be organized in ITC, and a supervisor will be present to give support. Online participants are
guided through Canvas.

¢ Unsupervised practical. The students can work at ITC in the practical room, or decide to work at home.

¢ Reading assignments.

¢ Final projects. Both components of the course contain a final project, in which the students analyze a particular problem.

¢ Group assignments include a stakeholder simulation workshop, where students have to represent certain stakeholder

TESTS
The learning outcomes will be tested in assignment format. There will be two assessments:

¢ Report on risk assessment tutorial (individual): 50 %
¢ Report on Hazard modelling project (individual): 50 %
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ENTRY REQUIREMENTS

This course is open for short-course participants and MSc students with an affinity with disaster risk reduction challenges, combined
with experience with GIS and spatial data.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Specify the data requirements for hazard and risk assessment, and evaluate how these might change over time.

LO2 Carry out physically-based hazard modelling, including the generation of the dataset, calibration and validation

LO 3 Analyze changes in hazard interactions using a physically-based model

LO4 Carry out a spatial quantitative multi-hazard risk assessment

LO5 Analyze how different planning alternatives alter the hazard, exposure and risk and identify which are optimal from a stakeholder
perspective

LO6 Analyze how hazard and risk may change over time due to climate change, land use change, population changes and other
socio-economic changes

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 30
Tutorial 32
Individual assignment 30
Self-study 24
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... e e
LO 1 Specify the data requirements for hazard and risk assessment, and evaluate how these might change over time. [ ] [ J
LO2  Carry out physically-based hazard modelling, including the generation of the dataset, calibration and validation
LO 3  Analyze changes in hazard interactions using a physically-based model
LO4  Carry out a spatial quantitative multi-hazard risk assessment o
LO5  Analyze how different planning alternatives alter the hazard, exposure and risk and identify which are optimal from a °
stakeholder perspective
LO6  Analyze how hazard and risk may change over time due to climate change, land use change, population changes and other °
socio-economic changes
Test type Assignment(s) Assignment(s)
Weight of the test 50 50
Individual or group test Individual Individual
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2
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PARTICIPATORY PLANNING 1: THEORY AND DEVELOPMENT OF PSS
FOR DECISION ROOMS, WEB APPLICATIONS AND SERIOUS GAMES

Course 201900055

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr.ir. L.G.J. Boerboom (ITC)
INTRODUCTION

Spatial planning and decision-making processes occur in any domain, be it urban or rural areas, management of natural and water
resources, distribution of welfare, wellbeing and risk, adaptation to climate change, or energy transition. They involve stakeholders in
civil society, private sector, public administration and government, which hold different interests, norms, values, and knowledge as well
as different practices and strategies of dealing with planning, decision-making and conflicts. Information and information systems do not
capture the normative and collaborative/participative aspects of these processes whereas Planning Support Systems (PSS) and Spatial
Decision Support Systems (SDSS) do.

You can either study theory and methods about (participatory) development of geo-technologies for participatory planning or theory and
methods about the use of these technologies in planning and decision-making processes. This course is the first of two courses and
addresses the former study. It focuses on theory, methods and technologies that participatory development of PSS and SDSS to
support spatial planning and decision-making. The second course focuses on theory and methods of processes of participation and
learning while using spatial information and moderation of PSS and SDSS in spatial planning and decision-making.

CONTENT
¢ Theories and methods of PGIS, PSS and DSS, and serious gaming for same vs. different place and time planning and decision-
making
¢ Participatory (co)design and development of PSS/SDSS for a decision room, web application, or a serious game
¢ Usability and usefulness of PSS and SDSS

TEACHING AND LEARNING APPROACH
The approach is:

¢ Independently review resources offered and discuss them in groups or in class.
¢ Guidance by either introduction lectures to resources or discussion lectures.
* A project of designing and developing a PSS for decision rooms, a web application, or a serious game, considering resources
offered as well as other resources relevant to students.
¢ A participatory game design
¢ Students can work on their research projects or work on a project offered by staff involved in the course
¢ The course provides technical facilities such as the ITC group decision room and server capacity for web application
development.
¢ Example projects will illustrate the use of PGIS, decision rooms, (web-based) PSS, and serious games
* We avail of contacts with projects in which we partner, where MSc thesis projects and internships can be done, for instance in
o The Ingenuity project Settlement Synergies in which a co-design takes place of a web application for spatial evaluation.
o the Go Blue project on environmentally sustainable urban planning and development of the coastal region of Kenya.

TESTS

¢ Conceptual design and prototype development (60%)
¢ Reflection document on conceptual design and prototype demonstrating mastery of concepts learned in this course (40%)

ENTRY REQUIREMENTS
This course requires students from any university to have successfully completed the first year of their MSc degree including the GIS,
geo-databases, and possibly Remote Sensing courses.

NOTE: The minimum number of participants is 8 students and the maximum number of students is 18 due to a co-design group
assignment.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Position their research in the theoretical context of PSS and DSS, technological environments for collaborative work, web-based
geo-ICT for planning, and serious gaming.

LO2 Conceptualize and (co-)design a PSS for decision rooms, a web application or serious game

LO 3 Technically implement a PSS for decision rooms, a web application or serious game to a prototype (up to Technology Readiness
Level 4)

LO4 Evaluate a PSS for decision rooms, a web application, or a serious game for applicability and usability.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 40
Group assignment 24
Individual assignment 60
Written/oral test 16
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TESTPLAN

LO1

LO2

LO3

LO 4

ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Position their research in the theoretical context of PSS and DSS, technological environments for collaborative work, web-

based geo-ICT for planning, and serious gaming.

Conceptualize and (co-)design a PSS for decision rooms, a web application or serious game

Technically implement a PSS for decision rooms, a web application or serious game to a prototype (up to Technology

Readiness Level 4)

Evaluate a PSS for decision rooms, a web application, or a serious game for applicability and usability.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Conceptual design and prototype devt

Reflection document

Assignment(s) Assignment(s)

60

Individual

1-10

40

Individual

1-10
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ELECTIVES

PARTICIPATORY PLANNING 2: THEORY AND APPLICATION OF, AND
LEARNING FROM, PSS AND SERIOUS GAMES IN PLANNING AND
DECISION PROCESSES

Course 201900056

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr.ir. L.G.J. Boerboom (ITC)
INTRODUCTION

Spatial planning and decision-making processes occur in any domain, be it urban or rural areas, management of natural and water
resources, distribution of welfare, wellbeing and risk, adaptation to climate change, or energy transition. They involve stakeholders in
civil society, private sector, public administration and government which hold different interests, norms, values and knowledge as well as
different practices and strategies of dealing with planning, decision-making and conflicts. Information and information systems do not
capture the normative and collaborative/participative aspects of these processes whereas Planning Support Systems (PSS) and Spatial
Decision Support Systems (SDSS) do.

You can either study theory and methods about participatory development of geo-technologies for participatory planning or theory and
methods about the use of these technologies in planning and decision-making processes. This course is the second of two courses and
addresses the latter study. It focuses on theory and methods of processes of participation and learning in the generation of spatial
information and moderation of PSS and SDSS in planning and decision-making. The first course focuses on the theory, methods and
technologies fo the participatory development of PSS and SDSS that support spatial planning and decision-making.

CONTENT
¢ Theories and methods of the practice of participatory GIS, planning and decision processes, conflict analysis and resolution, and
learning.
Use of geo-ICT technologies for same vs. different place and time planning and decision-making.
Design and implementation of planning and decision processes
Methods to study use of PSS and DSS in planning and decision-making processes.
Social learning and knowledge co-production using geo-tools in participatory planning activities
Task technology fit of PSS, task facilitation, Thinklets.
Interpretive methods for researching institutionalization of participatory planning and decision methods and tools in existing
processes.

TEACHING AND LEARNING APPROACH
¢ Students will independently review the resources offered and discuss them in groups or in class.
¢ Guidance by either introduction lectures to resources or discussion lectures.
¢ A project of designing and developing a participatory planning process considering resources offered as well as other resources
relevant to students.
¢ Students will take part in a spatial decision-making game to gain experience with the theory and methods learned.
¢ Students can work on their own research projects or work on a project offered by staff involved in the course.
¢ The course provides technical facilities such as the ITC group decision room and server capacity for web application
development.
¢ Example projects will illustrate the use of PGIS, decision rooms, (web-based) PSS, and serious games.
* We avail of contacts with projects in which we partner, where MSc thesis projects and internships can be done, for instance in
o The Ingenuity project Settlement Synergies in which collaborative planning support takes place with a web application for
spatial evaluation.
o the Go Blue project on environmentally sustainable urban planning and development of the coastal region of Kenya.

TESTS
¢ Conceptual design and implementation of planning and decision process (60%)
¢ Reflection document on conceptual design and implementation of planning and decision process (40%)

ENTRY REQUIREMENTS
This course requires students from any university to have successfully completed the first year of their MSc degree including the GIS,
geo-databases, and possibly Remote Sensing courses.

NOTE: The minimum number of participants is 8 students and the maximum number of students is 18 due to a game of spatial decision-
making.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Position their research in the theoretical context of process design of Participatory GIS, conflict resolution, collaborative work
and learning.

LO2 Co-design participatory planning and decision processes for planning and research purposes.

LO 3 Moderate participatory planning and decision processes using spatial information tools.

LO4 Learn to extract data from participatory planning and decision processes for planning and research purposes.
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ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 40
Group assignment 32
Individual assignment 52
Written/oral test 16
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TESTPLAN

LO1

LO2

LO3

LO4

ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Position their research in the theoretical context of process design of Participatory GIS, conflict resolution, collaborative work

and learning.

Co-design participatory planning and decision processes for planning and research purposes.

Moderate participatory planning and decision processes using spatial information tools.

Learn to extract data from participatory planning and decision processes for planning and research purposes.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Conceptual design and implementation of planning and decision process

Reflection document on conceptual design and implementation of planning and decision process

Assignment(s) Assignment(s)

60

Individual

1-10

40

Individual

1-10
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ELECTIVES

PYTHON SOLUTIONS

Course 201900069

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator W.H. Bakker MSc (ITC)
INTRODUCTION

Standard geo-data processing can be done using standard functionality offered by standard software tools. But for the solving of
complex spatial-temporal problems in earth and environmental research often the handling of (very) large and complex data sets is
required. This typically asks for special geoprocessing solutions.

This course teaches students how to plan and carry out their own programming or scripting project, to support the processing,
visualization and analysis of large and complex data sets in their MSc research phase. During the course, students will work on
their own geoprocessing challenge in their own application field and using their own research data.

Emphasis is on scientific computing using the programming (and scripting) language Python. Depending on student interest, other
modern programming languages may be considered as well. In a similar manner, tools for the design of Graphical User-Interfaces
(GUI) will be considered, which will allow building interactive windows containing buttons, text boxes, graphs, maps etc.

Special attention will be given to available statistical and scientific packages for mathematics, science and engineering, such as array
processing, linear algebra, regression, optimization, classification, clustering and machine learning.

The course intends to support individual students in programming solutions that they need during their MSc research. Therefore, a
certain flexibility is offered to students when to start the course.

CONTENT
¢ Object-oriented programming using the Python programming language
« Scientific Computing and cloud computing
¢ Building graphical user-interfaces
¢ Add-on mathematical, scientific and engineering packages
e Case Study on a topic related to geoinformatics

TEACHING AND LEARNING APPROACH

The course has an overall distance learning setup, supported by regular tutorial- and 'Question&Answer'-sessions. Students will spend
most of the course on self-study of course materials and on individual project work. This project work will involve the planning, running
and documenting of a scripting/programming assignment.

TESTS
Course assessment is done on the basis of the results of the project assignment.

ENTRY REQUIREMENTS
Open for students with basic programming skills and affinity with handling large spatial-temporal data sets.

GFM students are excluded from this course as GFM has its own courses in programming!

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Understand the principles of high-level programming.

LO 2 Plan a software project.

LO 3 Solve problems related to geo-information processing using programming.
LO4 Break down a problem into engineering solutions.

LO5 Create (interactive) solutions for real-world problems.

LO6 Compare alternative approaches to programming solutions.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Tutorial 36
Individual assignment 40
Self-study 64
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TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... E
LO1 Understand the principles of high-level programming. (]
LO2 Plan a software project. o
LO3 Solve problems related to geo-information processing using programming. [ J
LO 4 Break down a problem into engineering solutions. (]
LOS Create (interactive) solutions for real-world problems. (]
LO6 Compare alternative approaches to programming solutions. o
Test type Assignment(s)
Weight of the test 100
Individual or group test Individual
Type of marking 1-10
Required minimum mark per test
Number of test opportunities per academic year 2
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ELECTIVES

QUANTITATIVE REMOTE SENSING OF VEGETATION PARAMETERS

Course 201900062

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr. R. Darvishzadeh Varchehi (ITC)
INTRODUCTION

This course deals with the retrieval of quantitative information about vegetation canopies from remote sensing data. In particular, the
focus will be on vegetation physiological parameters, namely leaf area index and phenology and how they can be estimated from remote
sensing data.

Definitions and details about these parameters, how they are measured in the field, and how they are estimated using various remote
sensing data will be provided during the course.

CONTENT

The course has a remote sensing focus to model vegetation phenology and biophysical parameters like leaf area index. In addition to
interactive lectures, students will be familiarised with lab and field measurements of these parameters and in the practical exercises,
they will use multispectral and hyperspectral data to model and estimate these parameters.

In the first part (weeks 1-4), the course deals with the topic of biophysical parameter measurements in the lab/field and their estimations
using remote sensing, various statistical approaches and inversion of radiative transfer models. The second part (weeks 5-8) will
address the topic of phenology and calculation of phenological metrics by analyzing time-series remote sensing data. During a field visit
(at the end of week 8) students will collect data and practice what they have learned earlier in the course. In the last two weeks of the
course, students will work on their final assignment and will present it on the last day of the course.

TEACHING AND LEARNING APPROACH

A series of lectures, tutorials in the forms of discussions and Q&A sessions, field and lab tutoring, supervised practicals, and the use of
online and distance learning materials will be implemented.

TESTS

Two sets of group assignments (each with 20% weight) and one individual final assignment (with 60% weight). The individual final
assignment has a second test opportunity through repair with a maximum mark of 6.

ENTRY REQUIREMENTS
GIS and remote sensing skills.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 To explain the spectral properties of vegetation and explain the use and role of vegetation physiological parameters in various
applications for terrestrial ecosystems.

LO2 To conduct field and laboratory measurements for several plant physiological parameters;

LO 3 To describe modelling approaches for estimation of plant physiological parameters using remote sensing data, including general
statistical approaches (such as calculation of various vegetation indices), and inversion of simple radiative transfer models;

LO4 To explain existing phenological analysis techniques and its relevance to a range of applications;

LO5 To estimate phenological parameters, such as start- and end-of-season, from satellite image time series;

LO6 To apply the learned techniques in an individual assignment related to the student's MSc thesis.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 26
Supervised practical 35
Tutorial 18
Study trip 7
Written/oral test 4
Individual assignment 24
Self-study 19
Group assignment 7
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LO1
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ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

To explain the spectral properties of vegetation and explain the use and role of vegetation physiological

parameters in various applications for terrestrial ecosystems.

To conduct field and laboratory measurements for several plant physiological parameters;

To describe modelling approaches for estimation of plant physiological parameters using remote sensing data,
including general statistical approaches (such as calculation of various vegetation indices), and inversion of

simple radiative transfer models;

To explain existing phenological analysis techniques and its relevance to a range of applications;

To estimate phenological parameters, such as start- and end-of-season, from satellite image time series;

To apply the learned techniques in an individual assignment related to the student's MSc thesis.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year

Measurements biophysical parameters

Phenology

Individual Final Assignment

Assignment(s) Assignment(s) Assignment(s)

20

Group

1-10

20

Group

1-10

60

Individual

1-10
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

RADAR REMOTE SENSING

Course 201900058

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr. L. Chang (ITC)

INTRODUCTION

Radar Remote Sensing is different from optical Remote Sensing and offers unique opportunities in observing and monitoring the Earth
surface. This course provides an overview of technology and applications related to radar remote sensing. Specifically, Synthetic
Aperture Radar (SAR) and advanced methods building on SAR are considered: INSAR (Interferometric Synthetic Aperture Radar),
DInSAR (Differential INSAR), Time Series INSAR, PoISAR (Polarimetric SAR) and PolInSAR. The students will learn how to choose,
handle and pre-process the SAR images and apply advanced methods for information extraction from these images. Various examples
of applications (such as land use land cover classification and land subsidence) will be provided. The quality of obtained results will be
discussed in relation to the type of SAR data and choices made during the analysis. The course offers an opportunity to specialise in
one of the advanced SAR methods during a practical project.

CONTENT

. General radar remote sensing

. SAR (Synthetic Aperture Radar)

. InSAR (Interferometric SAR) for elevation and deformation measurements

. Time series INSAR and quality control

. PoISAR (Polarimetric SAR) decomposition for characterisation of land cover

. PolInSAR (Polarmetric INSAR) for forest and crop height and biomass measurements

O Rr WN -~

TEACHING AND LEARNING APPROACH

Lecture, flipped classroom, self-study, individual assignment, supervised practical and individual project (oral presentation exam and
individual report).

TESTS
Assignments in practicals on:

. Radar vs optical

. Complex number analysis

. Radar equation / radar cross section
. Coherent/speckle

B WON -

Individual project on DEM / DSM / deformation / land cover classification / change detection

ENTRY REQUIREMENTS

All students in the M-GEO GFM specialization are accepted.
Students following other specializations or programmes should have studied programming (Python, Matlab, or R) and basic image
analysis knowledge.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Explain the differences between microwave and optical remote sensing techniques.

LO 2 Explain main principles of SAR and InSAR techniques: speckle, radar cross section, coherence, phase unwrapping,
interferogram and factors affecting the precision of its results, the principle of polarimetric filtering, decomposition, and
polarimetric interferometry

LO 3 Evaluate and justify the selection of radar sensors, image acquisition mode and image processing level for a specific study.

LO4 Apply InSAR to generate elevation and ground deformation.

LO5 Apply polarimetric SAR for target identification and land cover classification.

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 24
Supervised practical 18
Written/oral test 3
Individual assignment 15
Group assignment 27
Self-study 50
Tutorial 3
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ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Explain the differences between microwave and optical remote sensing techniques.

Explain main principles of SAR and InSAR techniques: speckle, radar cross section, coherence, phase unwrapping,
interferogram and factors affecting the precision of its results, the principle of polarimetric filtering, decomposition, and

polarimetric interferometry

Evaluate and justify the selection of radar sensors, image acquisition mode and image processing level for a specific study.

Apply InSAR to generate elevation and ground deformation.

Apply polarimetric SAR for target identification and land cover classification.

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

REMOTE SENSING AND MODELLING OF PRIMARY PRODUCTIVITY
AND PLANT GROWTH

Course 201900051

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr.ir. C. van der Tol (ITC)
INTRODUCTION

Plants play a crucial role in the history of the Earth. They have accelerated the water cycle, and have made soil formation possible, and
provide Oxygen through photosynthesis. They are also the primary sink of carbon dioxide, and they are our food.

Ongoing changes in climate affect the functioning of plants, but also vice versa: Land cover changes affect the surface properties of the
Earth which in turn affect the climate. For sustainable land cover, ecology and food production, we must be able to quantify the role of
plants in the climate on Earth.

This course offers tools to quantify processes in terrestrial vegetation using contemporary remote sensing signals (reflectance,
chlorophyll fluorescence, and thermal remote sensing) in combination with in situ data. There is attention for natural ecosystems as well
as crops.The following topics will be covered:

¢ Plant physiological processes and their relation with satellite data

¢ The use of radiative transfer models for scaling processes from the molecular to the satellite level

¢ The retrieval of plant functional traits from satellite data, in particular Sentinel 1,2,3, and 5 (Tropomi), and airborne data collected
in the frame of the ESA’s 8th Earth Explorer mission FLEX.

¢ The use of these data in dynamic vegetation model

The participants will work on their own mini-project, such as: the effect of companion planting, the water productivity or water footprint,
the effect of volcano eruptions, re- or deforestation.

CONTENT

Week 1 Photosynthesis and the energy balance of plants

Week 2 Scaling from the leaf to the satellite level

Week 3 Retrieval of data from a satellite sensor. Example of Sentinel-3

Week 4 Assimilation of remote sensing data in growth models for seasonal cycles
Week 5 Individual project

TEACHING AND LEARNING APPROACH

Teaching takes place in an interactive setting. The course starts with a survey on the participants background and focus, followed by the
setting of personal goals, which can be more specific than the overall learning objectives. The participants carry out a mini-project to
answer a contemporary question related to the remote sensing of plants or crops. The question can be selected from a list on Canvas,
or it can be an issue connected to the participant's MSc topic. A weekly lecture guides the participants through the learning objectives,
followed by a practical exercise and a quiz (self-test). Other lectures are upon the participants request. A syllabus is provided with a
summary of all background information. The content of the syllabus is also presented in Canvas, with links to other resources (web
pages, models, data, articles).

TESTS
¢ Online test (Canvas) (50%)
¢ Individual assignment report in Overleaf (50%)

ENTRY REQUIREMENTS
basic knowledge on remote sensing.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe the state-of-the-art of satellite models for the primary productivity.

LO 2 Apply plant physiological, radiative transfer and vegetation models for the scaling of processes from leaf to satellite levels.
LO 3 Identify and analyse opportunities for improvement of real time monitoring of vegetation health and functioning.

LO4 Evaluate the outcome of primary productivity and vegetation growth models.
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ELECTIVES

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 9
Supervised practical 16
Tutorial 6
Written/oral test 2
Individual assignment 45
Self-study 20
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... 5 e
LO 1 Describe the state-of-the-art of satellite models for the primary productivity.
LO 2 Apply plant physiological, radiative transfer and vegetation models for the scaling of processes from leaf to satellite levels.
LO3 Identify and analyse opportunities for improvement of real time monitoring of vegetation health and functioning. (]
LO 4 Evaluate the outcome of primary productivity and vegetation growth models.
Test type Written Assignment(s)
examination
Weight of the test 50 50
Individual or group test Individual Individual
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 1
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

SATELLITES FOR GEOHEALTH

Course 202300143

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr.ing. M.J.M. Penning de Vries (ITC)
INTRODUCTION

What do satellites have to offer to GeoHealth scientists?

Health and disease may be very difficult to detect from space, but both are linked to our environment, which can be very well studied
and monitored by satellite-borne instruments.

In this course, we will take a look at the tiny tip of an enormous iceberg of data waiting to be used for GeoHealth purposes. Based on
various health issues (pollution, heat, and diseases) students will be introduced to satellite data (of atmospheric composition,
precipitation, vegetation) and to data from climate and weather models. A clear focus will be on acquiring skills to work with these data
sets by using basic python programming, cloud computing, and machine learning. This will be facilitated by exercises in jupyter
notebooks on crib.

CONTENT

1. Introduction to GeoHealth, satellite data, and programming with jupyter notebooks
2. Basics of remote sensing with applications to GeoHealth

3. Air pollution, health & satellite data of the atmosphere

4. Water-related diseases & satellite data of the water cycle

5. Temperature extremes and data from weather models and reanalysis

6. Climate change and general circulation models (GCMs)

7. Vector-borne diseases, vegetation indices & machine learning

TEACHING AND LEARNING APPROACH

Each week of the course is dedicated to a particular health-related topic, coupled to a type of satellite (or model) data and a
programming skill. Students acquire or refresh the required knowledge by reading, listening to, and/or viewing provided self-study
materials, and broaden their understanding during interactive lectures. The programming skills needed for the final assignment — a case
study project of choice — are acquired step-by-step through tutorials and exercises throughout the course. Two group assignments are
planned, during which students can help each other master the topic and programming skills.

TESTS

A written test (closed book, 2 hours duration) in the last course week (40% of final grade) assesses learning outcomes 1 & 2

Two group assignments:

« Create project in github to plot water cycle data using xarray (10%) - learning outcome 3

* Use cloud computing to compute trends from model data and plot (10%) - learning outcome 3 & 4

Two individual assignments:

* Present outline of GeoHealth case study and provide feedback to peers (10%) - learning outcome 5

* Written description of GeoHealth case study project (30%) — learning outcome 6

During the written test the students’ ability to reproduce facts and definitions and understanding of concepts - as introduced during
lectures, exercises and in the reading material - will be assessed.

ENTRY REQUIREMENTS

The course is developed for M-GEO students at the MSc level, but may be followed by students in the final stages of a relevant BSc
study. Basic knowledge of satellite remote sensing (e.g., the “core” course GIS & RS for Geospatial Solutions) and some affinity with
programming are advantageous to follow the course.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Describe how satellite and/or model data can be applied to human health-related studies and list at least five examples of such
applications.
LO 2 Explain the principles of satellite remote sensing techniques of the atmosphere, (vegetated) surface, and water cycle

LO 3 Use python programming to handle and analyze satellite data in a jupyter notebook and use git versioning
LO4 Work with cloud computing platforms and machine learning algorithms

LO5 Present outline of GeoHealth case study and provide expert feedback to peers
LO6 Design and perform a GeoHealth satellite data application
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ELECTIVES

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 20
Supervised practical 20
Individual assignment 50
Group assignment 10
Self-study 40
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... 3 & & = &
LO1 Describe how satellite and/or model data can be applied to human health-related °
studies and list at least five examples of such applications.
LO2 Explain the principles of satellite remote sensing techniques of the atmosphere,
(vegetated) surface, and water cycle [ ] [ ]
LO3 Use python programming to handle and analyze satellite data in a jupyter
notebook and use git versioning [ ]
LO4  Work with cloud computing platforms and machine learning algorithms [ J
LOS Present outline of GeoHealth case study and provide expert feedback to peers
LO6 Design and perform a GeoHealth satellite data application [ ] [ ]
Test type Oral Assignment(s) Assignment(s) Written Assignment(s)
examination examination
Weight of the test 10 10 30 40 10
Individual or group test Individual Group Individual Individual Group
Type of marking 1-10 1-10 1-10 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 1 1 1 2 1
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ELECTIVES

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

SCENE UNDERSTANDING WITH UNMANNED AERIAL VEHICLES

Course 201900061

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator Dr. habil. Y. Yang (ITC)
INTRODUCTION

Unmanned Aerial Vehicles (UAVs) are becoming a valid alternative to traditional Geomatics acquisition systems, as they close the gap
between higher resolution terrestrial images and the lower resolution airborne and satellite data. UAVs can be remotely controlled
helicopters, fixed wind airplanes or kites. This course deals with algorithms and techniques for scene information extraction from
images. Both geometric (i.e. 3D reconstruction) and semantic (i.e. 2D image understanding) aspects are described in the course.

In this course the 2D and 3D scene analysis will be explained, with focus on the use of data acquired by UAVs. The course is
composed of two main parts. In the first part, the participants will focus on 2D scene analysis (semantic segmentation, object detection,
modern deep learning), while during the second part, the participants will gain hands-on experience on the use of UAVs. The second
part of the course will be given together with the course on “Earth Observation with UAVs”.

At the end of the course the participants will submit the output of an assignment on the dealt topics, the quality of which will contribute to
the course mark.

CONTENT

. The scene understanding algorithms: semantic segmentation, object detection

. State-of-the-art deep learning algorithms

. Use of the commercial software to manage photogrammetric process

. Analysis and evaluation of results generated by photogrammetric process using simple tools and the available ground truth

. UAV image acquisition and processing for geo-information purposes

. The use of UAVs in different domains: urban monitoring, disaster mapping, land administration, urban monitoring, food security.

OO WN =

TEACHING AND LEARNING APPROACH

The course will be composed of lectures (with the use of flipped classrooms, or pre-recoreded videos when necessary), practical,
assignments and/or fieldwork for UAV image acquisitions. The student will learn how to correctly process the acquired images receiving
both the theoretical and practical knowledge and gaining in self-confidence and independence during the course.

TESTS

e Oral test (60%)
¢ Group assignment (40%)

ENTRY REQUIREMENTS
Specialization: Geoinformatics
Stream course: Image Analysis

Note that we offer two UAV courses and that students from other specialisations/outside ITC should choose the Earth Observation with
UAVs course in principle.

In case of any doubt, the students can contact course coordinator for clarification.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Apply three semantic segmentation algorithms for UAV imagery.

LO2 Apply the learned IBM techniques using the proposed commercial software (pix4D) for UAV data.

LO 3 Analyse and evaluate the geometric quality of the previously generated data using the two available tools (GNUplot and
CloudCompare).

LO 4 Design two state-of-the-art object detection algorithms for processing given UAV imagery.

LO5 Describe the typical UAV data acquisition procedure and data processing for 3D geo-information purposes, understanding the
technical decisions usually adopted in real practical cases.

LO 6 Identify the major pros and cons of the use of UAVs upon the gained experience and relate them with the five different domains.
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ELECTIVES
ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 30
Supervised practical 16
Tutorial 6
Written/oral test 3
Individual assignment 50
Self-study 35
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ELECTIVES

TESTPLAN

Learning Outcomes that are addressed in the test
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Learning outcomes (LO) of the course: The student will be able to... S &
LO1 Apply three semantic segmentation algorithms for UAV imagery. [ ]
LO2  Apply the learned IBM techniques using the proposed commercial software (pix4D) for UAV data. o
LO3  Analyse and evaluate the geometric quality of the previously generated data using the two available tools (GNUplot and °
CloudCompare).
LO 4 Design two state-of-the-art object detection algorithms for processing given UAV imagery. [ ]
LOS Describe the typical UAV data acquisition procedure and data processing for 3D geo-information purposes, understanding the °
technical decisions usually adopted in real practical cases.
LO6 Identify the major pros and cons of the use of UAVs upon the gained experience and relate them with the five different domains. [ )
Test type Oral Assignment(s)
examination
Weight of the test 60 40
Individual or group test Individual Group
Type of marking 1-10 1-10
Required minimum mark per test
Number of test opportunities per academic year 2 2
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RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

SPACE FOR ETHICS

Course 201900090

Period 11 November 2024 - 31 January 2025
EC 5

Course coordinator dr. F.V.M. Meissner (ITC)
INTRODUCTION

Geodata ethics is becoming an ever more important topic in the field of geoinformation science and earth observation. As information
and communication technologies advance and everybody can be connected to everybody the volume, velocity, variety, veracity and
value of available data keep increasing. At the same time methods of aquiering and linking data are evolving and more advanced ways
of studying spatial phenomena become feasible. Does feasibility also mean that we should build and use such geodata technologies?
How invasive should we allow geodata technologies to be? What ethical principles and moral considerations should guide how we
innovate in the geosciences? What kinds of innovations might we need to counter the risks that an ever more datafied society brings
with it? Answering these questions is not easy but increasingly important: It is high time that we make Space for Ethics!

The course, will cover selected current debates surrounding geotechnology ethics. Possible foci will be location privacy, cartography
and machine learning (or Al) ethics. Information about an individual’s location is substantially different from other kinds of personally or
demographically identifiable information which makes privacy a hot topic. The same is true for how we make sense of places. We are
witnessing the increasing automation of geospatial processes. This will require astute engagement with Geo-Al ethics - a space where
debate and regulatory interventions are constanly evloving. Students will engage with and sharpen their critical thinking and
transdisciplinary competences in this course.

For this elective course, the minimum number of registered students is 5.

CONTENT

¢ Introduction to applied ethics for geoscientists
¢ Basics of critical geography/cartography and Al ethics
¢ The trajectory of privacy as a concept across time, place and space

¢ Political and ethical dimensions of data and maps
e Examples of privacy-preserving strategies
¢ Multi-stakeholder character of geodata technology ethics

TEACHING AND LEARNING APPROACH

The course is revolving around the moderated discussion of selected literature, key (guest) lectures on geodata and Al ethics. The
focus is on critical engagement with geoprivacy, cartographic ethics and broader concerns in geodata technology ethics with academic
peers.

TESTS

1. Literature Comprehension Exercise (50%)
2. Short Essays (50%)

The course will include formative assessment exercises - short end of class reflections - that will need to be completed as a pre-
condition for submitting the short essay.

ENTRY REQUIREMENTS

There are no specific entry requirements for this course, but students should be open to engaging in critical thinking about the
development and use of geodata technologies. The course is open to both MSc and PhD students.

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO1 Recognise common geoscience ethics concerns

LO 2 Explain how the meaning of privacy (and other geodata-ethics principles) changes over time and is fiercely contested among
different social groups

LO3 Comment on current debates in the ethics of machine learning and cartography and how they relate to geospatial innovations

LO4 Argue why and how location privacy can act as a proxy to place privacy

LO 5 Distinguish between existing privacy-preserving strategies
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ELECTIVES

ALLOCATED TIME PER TEACHING AND LEARNING METHOD

Teaching / learning method Hours
Lecture 12
Tutorial 12
Written/oral test 4
Individual assignment 36
Group assignment 36
Self-study 40
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ELECTIVES

Learning Outcomes that are addressed in the test

Learning outcomes (LO) of the course: The student will be able to...

Recognise common geoscience ethics concerns

Explain how the meaning of privacy (and other geodata-ethics principles) changes over time and is fiercely contested among

different social groups

Comment on current debates in the ethics of machine learning and cartography and how they relate to geospatial innovations

Argue why and how location privacy can act as a proxy to place privacy

Distinguish between existing privacy-preserving strategies

Test type

Weight of the test

Individual or group test

Type of marking

Required minimum mark per test

Number of test opportunities per academic year
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ELECTIVES

RELATION OF LEARNING OUTCOMES (LO) OF THE COURSE WITH THE PROGRAMME LEARNING OUTCOMES
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ELECTIVES

SPATIAL ANALYSES OF ECOSYSTEM SERVICES: NATURE'S
BENEFITS TO PEOPLE

Course 201900057

Period 02 September 2024 - 08 November 2024
EC 5

Course coordinator dr. N. Schwarz (ITC)

INTRODUCTION

This elective is given by NRM, UPM and GFM staff.

Ecosystem services i.e., the contributions of nature to human well-being, are increasingly used to describe human-nature interactions
in an inclusive way. The ecosystem services concept addresses management objectives that go beyond natural resources or human
practices alone, as it focuses on the interactions between nature and society. Geo-information (from earth observation, citizen science,
to existing GIS maps) is inherent to ecosystem service assessments since the supply (from ecosystems) and demand (from society) for
ecosystem services are spatially explicit. Understanding the ecosystem service concept, selecting and using mapping methods for
specific management objectives is therefore essential for incorporating human-nature interactions into environmental management from
cities to rural areas and hence the key objective of this course. Managing natural resources in a sustainable way by taking into account
human well-being is also at the core of the Sustainable Development Goals as set by the United Nations. After completing this course,
the student will have obtained knowledge of the theoretical aspects of the concept of ecosystem services. The student will also be able to
select and apply mapping methods and data for ecosystem service assessments on real-life applications in the context of diverse
management objectives.

CONTENT
Knowledge, methods, skills, and approaches that the students will learn:

1. Human-nature relation concepts and terminology: Scientific concepts over time, terminology of ecosystem services, Natural
Capital, Nature-based Solutions, Green/Blue Infrastructure

. Ecosystem service classifications

. Concepts of ecosystem service supply, use, demand, and value

. Decision-making frameworks and (geo-) information needs

. Decision-making & mapping challenges in urban and rural systems

. Ecosystem service quantification and valuation approaches: social, economic and ecological measures, interactions, relevance.

. Ecosystem service mapping methods/tools/software: based on GIS, Remote Sensing, Participatory GIS/citizen science/social
media data and their analysis

. Ecosystem service data: requirements, sources, archiving, challenges

9. Fieldwork: collecting relevant data for a specific decision-making challenge
10. Comparing and contrasting ecosystem service mapping methods for decision-making challenges
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TEACHING AND LEARNING APPROACH

Concepts, theories, and models are introduced to the student with lectures. The lectures are followed by (un)supervised practicals to
gain hands-on experience. A day is closed with plenary question-and-answer and discussion sessions to share thoughts, insights and
doubts. To gain and practice professional implementation of the course topic a guest lecture is given by a practitioner, we go outside to
collect data, and students will solve a real-life challenge. There is a lot of time for self-study to read and do the exercises, informal
quizzes, and assignments.

TESTS
Summative:

¢ Individual assignment (50%)
¢ Group assignment report (50%).

Formative: after each teaching activity in the form of quizzes and reporting on exercises.

Students can only do a repair for the assignments.

ENTRY REQUIREMENTS
Able to independently use GIS software; strong interest in interdisciplinary work

LEARNING OUTCOMES
Upon completion of this course, the student is able to:

LO 1 Distinguish and apply ecosystem service-related terminology, concepts, and classifications for diverse decision-making contexts

LO 2 Interpret and archive ecosystem service information for diverse decision-making objectives in urban and rural systems

LO 3 Select and use data, tools and concepts for mapping ecosystem services for one case study application

LO4 Evaluate tools for ecosystem service mapping for selected decision-making objectives.

LO5 Formulate opportuniti