Syllabus

Course Title

Economics of Climate Change: Case Studies and Best Practices in the Water
Sector

General Information

General description of the required education/training, outlining the main objectives and explaining the
necessity of the education/training at the organizational/country/regional level

The impact of global climate change on the water resources sector is
manifested as follows: the water availability of rivers and the capacity of groundwater
aquifers are changing, the frequency and intensity of hazardous hydrometeorological
phenomena (floods, high-water events, droughts) are increasing, the availability of
water for the country’s economic complex during low-water periods and years is
decreasing, etc. These changes cause economic problems in the water sector and
related industries. In southern Ukraine, a deficit of water resources, the drying up of
small and medium-sized rivers, the shallowing and salinization of estuaries,
deterioration of the quality of surface and groundwater, and limited access to clean
drinking water are projected. During the study of the discipline, methods and
methodologies that were developed at the Faculty of Hydrometeorology and Ecology
of Odesa I. I. Mechnikov National University (ONU) and subsequently used to solve
economic and social problems of the water sector under conditions of climate change
and significant water-management transformations in river basins will be presented.
The main attention is paid to the North-Western Black Sea region.

The objectives include the following: assessment of changes in Ukraine’s
water resources at present and in the future under conditions of global warming,
strengthening of the consequences of anthropogenic impact on river basins subject to
water-management transformations, determination of the risks of depletion of water
resources, establishment of the optimal scale of water-management transformations
(irrigation, drainage, creation of artificial water bodies, restoration of the freshwater
balance), prediction of possible water conflicts, and others.

Audience

The main target audience of the course and any secondary audience, if it may influence decisions regarding
the structure or content of the course

Expected level of knowledge and skills of the main audience (current or minimally required), as well as other
factors (for example, cultural characteristics, level of technical training, access to the Internet) that should be
considered when planning the course, as they may affect the choice of teaching methods, materials, and

approaches to interaction with the audience
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Master’s students studying, first of all, in the specialties E2 “Ecology”, E4 “Earth
Sciences”, G2 “Environmental Protection Technologies”, C6 “Geography and
Regional Studies”, as well as future specialists in climate-dependent sectors of the
economy — G “Engineering, Manufacturing and Construction”, H “Agriculture,
Forestry, Fisheries and Veterinary Medicine”, I “Healthcare and Social Protection”.

Representatives of management personnel and teachers who are upgrading their
qualifications on the topic of adaptation to climate change in various sectors of
Ukraine’s economy may also participate in the training.

Competencies

Training needs at the individual or organization/country/regional level, as well as a description of how these
needs were identified and recognized as relevant.

Competencies targeted by the training.

e Be able to formulate a mathematical problem, process and systematize the initial
information, perform an analysis of the results in accordance with existing
mathematical models of runoff, and adapt them to possible anthropogenic changes in
runoff formation conditions in the catchments of water bodies of various water-
management purposes and changes in global and regional climate.

e Apply the results of regional modeling of climate change under certain scenarios
to assess changes in water resources and their consequences in accordance with the
proposed methods and methodologies.

Learning outcomes and performance criteria
Learning outcomes and performance criteria formulated with regard to the knowledge and skills to be acquired

during the training process.

Learning outcomes for the educational component:

LOI1. Explain that climate change affects not only the quantitative status of water
resources, but also aquatic ecosystems as a whole, causing socio-economic problems
in the water sector and related industries.

LO2. Discuss the impact of climate change on the quantitative and qualitative status
of water resources, possible consequences for water supply and water consumption,
agriculture, hydraulic engineering, fisheries, and navigation.

Effectiveness criteria:
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Determine the possible consequences of changes in water resources as a result of
climate change for the water sector and related industries (according to the results of
mathematical model simulations under the respective scenarios).

Course Content

Provide a content outline that corresponds to the learning objectives and outcomes. This may be a course
outline as it will be presented to students, but not necessarily a complete curriculum.

Include a general list of all topics that you consider necessary to cover. If you believe it would help clarify the

scope, indicate what will NOT be covered.

MODULE 1. Water and environmental problems under climate change and
their impact on the economy

1.1. Consequences of the impact of climate change on water resources and related
economic sectors

1.2. Water scarcity and the level of water stress under climate change and war

1.3. Nutrient pollution, eutrophication, and their consequences

1.4. PRACTICAL WORK No. 1 Assessment of the impact of drainage
reclamation on river runoff characteristics at the beginning of the 21st century
(using the Zhytomyr Polissia region as an example)

1.5. PRACTICAL WORK No. 2 Changes in low-flow characteristics and
environmental flows at the beginning of the 21st century under the influence of
climate change
MODULE 2. Practices for solving hydro-ecological problems of the North-
Western Black Sea region

2.1. Hydraulic engineering reclamation (irrigation, drainage, creation of artificial
water bodies) under climate change

2.2. Hydro-ecological problems of the Kuyalnyk Estuary and ways to solve them
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2.3. PRACTICAL WORK No. 4 Determination of the optimally permissible
water surface areas of artificial water bodies in catchments under baseline and
scenario conditions based on the climate—runoff model

2.4. PRACTICAL WORK No. 5 Determination of freshwater inflow from the
rivers of the North-Western Black Sea region to estuaries, rivers, and the sea under
baseline and scenario conditions based on the “climate—runoff” model

2.5. PRACTICAL WORK No. 6 Assessment of changes in the mineralization of
the water of the Velykyi Kuyalnyk River depending on runoff characteristics under

baseline and scenario conditions

Learning Solutions and Methods of Implementation

List the learning solutions (teaching methods) that will be used and explain why they were chosen. For

example: classroom learning, online learning, blended learning, workplace learning, online resources for
selfstudy, coaching or mentoring, etc.

To achieve the planned learning outcomes, the course will employ a comprehensive
set of learning solutions that will ensure diversity in the educational process,
flexibility in the format of knowledge acquisition, and a practical focus.

Selected learning solutions

1. Classroom learning (in-person learning)
- Reasons for selection: creates opportunities for live interaction between the
instructor and participants, promotes discussions, exchange of experience,
and development of communication skills.
- Implementation: lectures, seminars, group discussions.

2. Online learning
- Reasons for selection: provides accessibility for participants regardless of
their location and allows the use of interactive digital tools.
- Implementation: synchronous sessions in the form of video conferences
and asynchronous materials (lecture recordings, interactive tests).

3. Blended learning
- Reasons for selection: combining in-person and online formats allows
participants to benefit both from direct interaction and from convenient
remote access to resources.
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- Implementation: in-person training + online assignments for independent
work.

4. On-the-job training
- Reasons for selection: allows participants to immediately apply the
acquired knowledge in a professional context and increases the practical
value of the training.
- Implementation: completion of practical assignments and projects in real-
world conditions.

5. Online resources for self-directed learning
- Reasons for selection: promote the development of self-organization skills
and provide an individualized learning pace.
- Implementation: platforms with electronic textbooks, video lectures, and
interactive assignments.

6. Coaching and mentoring
- Reasons for selection: support an individual approach, allow participants to
receive feedback, and develop professional and personal competencies.
- Implementation: individual consultations, mentoring by experts.

Justification for the choice

Combining the specified learning solutions will allow:

e to cover different learning styles and formats;

e to combine theory with practice;

e to ensure flexibility and accessibility of the educational process;

e to create conditions for the personal and professional development of participants.

Thus, combining classroom, online, and practice-oriented learning will ensure the
most effective achievement of the planned learning outcomes.

Learning Strategies

Consider which learning strategies you will use. Provide justification for why you intend to apply them,
including reasons why they will help participants achieve the planned learning outcomes.

Combine different learning strategies to create a diverse learning environment that accommodates different
learning styles of participants. This will increase the effectiveness of learning and help achieve the planned

learning outcomes. This section does not require a detailed description of specific activities.
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During the implementation of the course, a combination of different learning strategies will be used,
aimed at ensuring maximum effectiveness in mastering the material and achieving the planned
learning outcomes. Taking into account the diversity of participants’ learning styles (visual,
auditory, kinesthetic, reflective), the selected approaches will ensure multifaceted interaction with
the learning material.

Learning strategies used

1. Active learning
Will ensure participants’ engagement in the learning process through analysis, discussion,
and practical application of knowledge. This approach will contribute to the development
of critical thinking and a deeper understanding of the material..

2. Group collaboration (collaborative learning)
Working in small groups will help participants develop teamwork, experience-sharing, and
collective decision-making skills. This will increase learning effectiveness through
different perspectives and peer learning.

3. Problem-based learning (PBL)
Participants will solve practical tasks and analyze real-life cases. This will allow them to
transfer the acquired knowledge into a professional context, contributing to the
development of analytical, decision-making, and creative thinking skills.

4. Reflective learning
Will provide time for self-analysis, self-assessment, and reflection on individual progress.
This will help participants identify their strengths and areas for development, as well as
increase their motivation for further learning.

5. Multimodal approaches
The use of information and communication technologies (presentations, interactive
platforms, visualizations, videos) will ensure a variety of ways of presenting the material
and contribute to better retention of information.

Justification for the choice of strategies

Combining the above approaches will make it possible to create a balanced learning environment
that:

meets different learning styles;

combines theory and practice;

promotes the development of both individual and teamwork skills;

develops competencies necessary for applying knowledge in real-world conditions.

Thus, the selected strategies will contribute to achieving the planned learning outcomes and
increasing the effectiveness of the educational process.

Learning Activities
Describe the main learning activities that will be included, such as lectures, readings, case studies,

discussions, exercises, practical assignments, simulations, role-playing games, etc.

Also describe the roles of instructors and students during these activities.

Co-funded by the
Erasmus+ Programme
of the European Union

(ClimEd




The course includes 36 contact academic hours — 24 hours of lectures and 12 hours
of practical classes (40%), while 54 hours are allocated to students’ independent work
(60%). The course incorporates a variety of learning activities designed to integrate
theoretical knowledge with practical skills. This will enable participants not only to

acquire information but also to learn how to apply it in real-world contexts.
Main learning activities:
1. Lectures
o Objective: to provide basic knowledge, key concepts, and theoretical foundations
of the topic.
o Role of the instructor: organizer and source of knowledge, explains the material
and structures key ideas.
o Role of students: active listeners who take notes and ask clarifying questions.
2. Analysis of literature and recommended materials
o Objective: to deepen understanding of the topic and develop the ability to work
with academic and professional sources.
o Role of the instructor: provides a list of literature and methodological guidelines
for independent study.
o Role of students: read, take notes, and prepare key points for further discussion.
3. Case studies (analysis of practical cases)
o Objective: to apply theoretical knowledge to specific situations and develop
analytical and decision-making skills.
o Role of the instructor: discussion moderator who presents the case and guides
the discussion.
o Role of students: analyze the situation, propose solutions, and justify their
positions.
4. Practical tasks and exercises
o Objective: to consolidate knowledge through the completion of specific tasks and
develop practical skills.
Role of the instructor: explains instructions and provides feedback.
Role of students: complete individual or group assignments.

Summary
The combination of lectures, reading, case studies, discussions, and practical activities ensures a
balance between knowledge acquisition and skills development, as well as promotes active
student participation in the learning process.
e Instructors act not only as sources of knowledge but also as facilitators, mentors, and
moderator.
e Students become active participants who take responsibility for their own learning and
outcomes.

Assessment of Learning

Describe the assessment plan for participants before, during, and/or after the course, including tests,
exercises, activities, and projects that will be assessed. Indicate whether self-assessment or peer assessment

will be used.
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During the learning process, various forms of assessment will be applied, which will enable
comprehensive monitoring of participants’ progress and ensure the achievement of the planned
learning outcomes.
1. Surveys (short discussions with the instructor after lectures)
e Objective: to check understanding of key concepts and provide an opportunity to clarify
unclear points.
e Link to learning outcomes: helps consolidate material immediately after its presentation
and develops oral argumentation skills.
2. Self-assessment (mini-test after the first module)
e Objective: enables participants to independently determine their level of understanding
and identify weak areas for further work.
e Link to learning outcomes: develops self-reflection skills and encourages revisiting and
revising the material.
3. Formative assessment during the course (practical exercises with instructor

feedback)
e Objective: to monitor progress and the ability to apply knowledge in practice.
e Link to learning outcomes: gradually builds competencies and provides feedback for
improvement.
4. Summative assessment after the course (final test after each module)
e Objective: to assess the level of acquisition of key knowledge and integrate the learned
information.
e Link to learning outcomes: confirms that participants have achieved the required level of
knowledge for progression or course completion.

Thus, the combination of surveys, self-assessment, formative, and summative assessment allows to:
e ensure continuous monitoring of progress;
e provide participants with tools for self-development;
e guarantee that final outcomes correspond to the stated course objectives.

Storyboard of Learning (Learning Storyboard)

Use this to create a visual scenario of your blended learning activity

LOLl.
Explain that climate change affects
not only the quantitative status of

water resources but also aquatic . Reading
ecosystems as a whole, causing Lectures Practical classes Study of Test
socio-economic problems in the | Lectures short | [ Thin | | Grou additional o
. . odels of changes in quiz - p materials on EU based on the
water sector and related industries. water resources under Pair- | | discus Directives inthe | studied material
climate change Share sion field of natural
conditions at the resource
end of conservation and
the their
mild“ implementation.
e

Co-funded by the
Erasmus+ Programme
of the European Union

(ClimEd




LO2.
Discuss the impact of climate
change on the quantitative and

qualitative  status of  water ) Reading
resources, and the possible Lectures Practical classes Study of —

udy o ests
consequences for water supply and Lectures Short Keiic- additional

Q : odels o quiz cTann materials on based on the
water .COHSllm.Dthf}a agrlcultgre, authrop?gemc impacts Iloxo ecohydrological studied material
on water resources periona dels.
hydrauh,c @nglneermg, ﬁsherles, under climate change JIBHAX mocens
and navigation. conditions. 3MiH
KaimMar
y

Learning resources and tools

List the available resources that will be used for different types of learning activities and recommended to

students.

Describe the technologies that will be used to implement learning solutions, including educational
technologies and operational equipment (hardware, software, collaboration tools).

1. Emissions Scenarios. A Special Report of [IPCC Working Group III. 2000,

27 pp.

2. KpakoBcrka C.B. UucenbHi mpoekiii KIIMaTHYHUX 3MiH B Jlyrancbkin
obmacTi 10 2050 p. // Hayk. npami YkpHAI'MI. -Ne261, 2011. —C.37-55.

3. Kpakosckas C.B., [Tamamapuyxk JI.B., [drokens ['.A. Pernonansnast monenb

(PEMO) B u3ydenunn criibHBIX 0ocaakoB B KapnaTtax // Meteoposoris, KIiMaToJIOTis
ta riapoioris.-Ne50, 2008. - C.75-80.

4. Kpakosceka C.B., I[Tamamapuyk JI.B., [lememenko LII., Hrokens I'.0.,
I'matiok H.B. Bepudikamis manux cBiToBoro kiimatuuHoro uentpy (CRU) Ta
perionanbHoi Moneni kiiMary (REMO) mono nmporHosy mpu3eMHOI TeMIepaTypu
MOBITPS 32 KOHTpoJibHUH Tiepion 1961-90 pp. // Hayk. npami YkpHAI'MI. -Ne 257,
2008. - C. 42-60.

5. [Tanamapuyk JI.B., KpakoBceka C.B., Illememenko LII., Hrokens I'.0.,
I'matrok H.B. Bepudikamiss manux cBiToBoro kiimatudydoro nentpy (CRU) Ta
perionansHoi Mozeni kiiMmary (REMO) miono nporso3y mosjs omaaiB B YKpaiHi 3a
KOHTpoJibHU niepioa 1961-1990 pp. // Hayk. npami YkpHIAI'MI. -Ne 258, 2009. —
C.69 — 83.
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6. KpakoBcbka C.B., I'matiok H.B., I[lnutane T.M., [Tanamapuyk JI.B.
[Tpoexiiii 3MiH MpU3EMHOI TEMITEpATyPH MTOBITPS 33 JAHUMHU aHCAMOJIIO peT10HATBHUX
KIIMaTHYHUX Mojeiel y perioHax Ykpainun B XXI cromirri. / Hayk. mparmi
YxpHAT'MI. -Ne 268 , 2016. - C. 33-43.

7. [Ienemenko L.II., KpakoBceka C.B., I'matiok H.B. Bepudikariis ganux
€ponericbkoi 6a3u E-OBS miono npuzeMHoi Temrneparypu Ta KUIBKOCTI OMajiiB y
aJMiHICTpaTUBHUX obnacTsax Ykpainu // Hayk. mpami YkpHIAI'MI. - Ne 262, 2012.
C. 71-90.

8.  Nakic¢enovi¢, N., and R. Swart (eds.), 2000: Special Report on Emissions
Scenarios. A Special Report of Working Group I1I of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, 599 pp.

9. 3BIT TPO HAyKOBO-AOCHIAHY poOOTYy po3poOJeHHsI CIIEHapliB 3MIHU
KJIIMAaTUYHUX YMOB B YKpaiHi Ha CEpeJHhO- Ta JIOBTOCTPOKOBY MEPCHEKTUBY 3
BUKOPUCTAHHAM JIaHUX TJI00ABHUX Ta perioHaibHuX Monenen, 2013. — 121 c.

10. Climate Change 2013: The Physical Science Basis / T.F. Stocker, D. Qin,
G.-K. Plattner, M. Tignor [et al.] / Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. — Cambridge
University Press, 2013. — 1535 p.

11. Crenanenko C.M. /lunamika Ta MoJieTtoBaHHs KiiMary: niapyynuk / C.M.
Crenanenko. — Oneca: Exoioris, 2013. — 204 c.

12.  van Vuuren D.P. The representative concentration pathways: an overview /
D.P. van Vuuren, J.A. Edmonds, M. Kainuma, K. Riahi [et al.] // Climatic Change. —
2011. - Vol. 109, No. 1-2. — P. 1-27.

13.  Evans J.P. CORDEX — An international climate downscaling initiative / J.P.
Evans // 19th International Congress on Modelling and Simulation. — Perth
(Australia), 2011. — P. 2705-2711.

14. Giorgi F. Addressing climate information needs at the regional level: the
CORDEX framework / Filippo Giorgi , Colin Jones and Ghassem, R. Asrar // WMO
Bulletin. — 2009. —No. 58 (3). — P. 175-183/
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15. Physical processes (CY23R4) / P.W. White // Technical report European
Centre for Medium-Range Weather Forecasts (ECMWF), 2001.

16. HIRLAM-5 Scientific Documentation / P. Undén [et al.] // Technical report
Swed. Meteorol. and Hydrol. Inst. — Norrkdping, Sweden, 2002.

17. Ettema J. Higher surface mass balance of the Greenland ice sheet revealed
by high-resolution climate modeling / J. Ettema, M. R. van den Broeke, E. Van
Meijgaard [et al.] // Geophys. Res. Lett. —2009. No. 36(L12501).

18. Mamupka JI.B., Bamabyx B.O. VIMoBipHi 3MiHM KITiMaTHYHHX YMOB
VYkpainun 1o cepenunn XXI ct. / I'iaponoris, riapoximis 1 rigpoekosoris. 2020.
Nel(56) C.94-100. DOI: https://doi.org/10.17721/2306-5680.2020.1.10

19. Kuimar Ykpainu / 3a pen. B.M.Jliniacekoro, B.A . Jlsiuyka, B.M.ba6iuenko
— K.: Bun-Bo PaeBcrkoro, 2003. — 343 c.

20.  https://cordex.org/

21. https://www.euro-cordex.net/060374/index.php.en

22. Copernicus Climate Change Programme: User Learning Service Content
Florian Dierickx2019—-04-28. 141 P.

23. Sandstad, M., Schwingshackl, C., Iles, C., (2022): Climate extreme
indices and heat stress indicators derived from CMIP6 global climate projections.
Copernicus Climate Change Service (C3S) Climate Data Store (CDS). DOI:
10.24381/cds.776e08bd

24, Mercogliano, P., Rianna, G., Reder, A., Raffa, M., Mancini, M.,
Stojiljkovic, M., de Valk, C., and van der Schrier, G., (2021): Extreme
precipitation risk indicators for Europe and European cities from 1950 to 2019.
Copernicus Climate Change Service (C3S) Climate Data Store (CDS). DOI:
10.24381/cds.3a9¢c4£89

25. Mercogliano, P., Rianna, G., Reder, A., Raffa, M., Padulano, R.,
Essenfelder, A., Mazzoli, P., and Bagli, S., (2021): Flood risk indicators for
European cities from 1989 to 2018. Copernicus Climate Change Service (C3S)
Climate Data Store (CDS). DOI: 10.24381/cds.9d3db0Oeb
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https://doi.org/10.17721/2306-5680.2020.1.10
https://cordex.org/
https://www.euro-cordex.net/060374/index.php.en

26. Andrew Gettelman, Richard B. Rood. Demystifying Climate Models A
Users Guide to Earth System Models. Earth Systems Data and Models. Volume 2.
(2016). 274 P. DOI 10.1007/978—-3-662—48959-8

27. Dupar, M., with McNamara, L. and Pacha, M. (2019). Communicating
climate change: A practitioner’s guide. Cape Town: Climate and Development
Knowledge Network.

28. https://ecmwf—projects.github.io/copernicus—training—c3s/reanalysis—

climatology.html — Tutorial on Climatologies using Climate Data from C3S

29. Karanor nocioyr Copernicus — https:/www.copernicus.eu/en/accessing—data-where—

and—how/copernicus—services—catalogue? combine=&cc_source

_service_target id%5B2770%5D=2770

30. InTepaktuBHuii Atiac IPCC https://interactive-atlas.ipcc.ch/
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