Syllabus

Course Title

Predictive models

General Information

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

The course “Predictive Models” plays an important role in the training of PhD students in the field of
climate services, as it enables a shift from the description of climate processes to their quantitative analysis
and forecasting. In the context of global climate change, increasing extreme weather events, and the need
for scientifically grounded decision-making on adaptation and mitigation, the role of predictive models is
significantly growing. Such models are the main tool for assessing future changes in the climate system,
the risks associated with these changes, and for developing effective management strategies.

The aim of the course is to equip students with knowledge and skills in the construction, evaluation,
verification, and practical application of predictive models in the field of climate and environmental
science. The course covers both basic concepts of mathematical modelling and modern approaches to
developing models of varying complexity—from simple empirical models to complex numerical general
circulation models of the atmosphere. Special attention is given to input data analysis, model calibration
methods, uncertainty assessment, and interpretation of forecasting results for decision-making purposes.

The course will contribute to the training of specialists capable of applying predictive models in climate
services practice. Such training is particularly relevant for modern Ukraine, which on the one hand faces the
challenges of climate change, and on the other is undergoing post-war reconstruction, requiring the
integration of science-based approaches to sustainable development planning, infrastructure recovery, and
reduction of vulnerability to climate risks.

Audience

Main target audience of the course and any secondary audience that may influence decisions regarding the
structure or content of the course.

Expected level of knowledge and skills of the main audience (current or minimum required), as well as other
factors (e.g., cultural characteristics, level of technical training, access to the internet) that should be
considered when planning the course, as they may influence the choice of teaching methods, materials, and
approaches to interaction with the audience.

Main audience — PhD students of Ukrainian higher education institutions who are studying or conducting
research in climate sciences, meteorology, geoinformatics, applied mathematics, or related disciplines.

1. Level of knowledge and skills of the main audience
Basic academic background:

The course audience consists of PhD students with strong theoretical preparation in natural or technical
sciences. They are already familiar with the basics of the climate system, atmospheric dynamics processes,
and climate modelling. Previous experience in meteorology, geophysics, or environmental forecasting is an
advantage.

Mathematical background:

PhD students are expected to have a solid command of mathematical tools sufficient for understanding and
constructing differential models, statistical analysis, optimization methods, and processing large datasets.
Knowledge of numerical methods and the ability to apply them to practical problems in climate sciences is
expected.

Technical background:
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The audience should be able to work with scientific software, use programming languages (Python, R,
MATLAB, Fortran), digital meteorological models, and GIS tools. Experience with climate or atmospheric
models (e.g., WRF, RegCM, GCM) is an advantage. Skills in independently accessing data repositories,
processing NetCDF/GRIB files, and visualizing research results are expected.

English language level:

A recommended English proficiency level is B2 or higher, enabling students to work with scientific
literature, publish research results in international journals, and use foreign online courses and model
documentation.

2. Other factors influencing course design:

Inclusivity and accessibility.

Flexible delivery of materials, assessment, and communication will be provided, taking into account
different learning styles and abilities.

Internet access:

The course is designed in a blended learning format with a significant online component. However, all
learning materials (texts, presentations, model code, videos) will be available for download for offline self-

study. This is critically important in conditions of unstable internet access due to military actions or technical
limitations.

Competencies

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

Competencies targeted by the training.

C1l. Assessment of the impacts of climate change, climate variability, and climate extremes on different
sectors (society, environment, economy, etc.) at various scales, taking into account the full range of
interconnections within the climate system and transdisciplinary interactions with society.

Learning outcomes and performance criteria

Learning outcomes and performance criteria formulated taking into account the knowledge and skills to be
acquired during the learning process.

Performance criteria:

PCL. Perform search, selection, and preprocessing of climate model data.
PC2. Assess possible impacts of climate change on natural and socio-economic systems.
PC3. Conduct verification and quality assessment of climate model outputs.

Learning outcomes:

LOL. Explain the principles of climate system modelling, the structure of climate models, sources of climate
data, and standards for working with climate information.

LO2. Apply climate data, scenarios, and climate model outputs to analyze climate change and simulate its
possible impacts.

LO3. Evaluate the quality of climate model outputs using standard WMO verification methods, downscaling
techniques, and bias correction methods.

Course Content

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

Include a general list of all topics you consider necessary to cover. If it helps clarify, indicate what will NOT
be covered.
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Module 1: Principles of climate system modelling. Basics of climate models and forecasting. Sources of
climate data and data formats.

Module 2: Modelling climate change impacts. End-user needs and design of climate services.

Module 3: Validation of climate models. Verification and assessment of the accuracy of climate forecasts.
Tools for accessing and processing climate data. Downscaling and bias adjustment.

Learning solutions and methods of their implementation

List the learning solutions (teaching methods) that will be used and explain why you chose them. For example:
classroom learning, online learning, blended learning, workplace learning, online resources for self-study,
coaching or mentoring, etc.

For PhD students, it is advisable to use a blended learning format that combines online components with
periodic face-to-face or synchronous consultations. This approach makes it possible to effectively combine
the flexibility of individual learning with opportunities for in-depth discussion of complex scientific and
applied aspects of climate services management.

Considering the specifics of PhD training, a significant portion of learning can take place online, mainly in
an asynchronous mode. This allows PhD students to independently plan their study time, combining it with
research work, dissertation preparation, and participation in scientific projects. PhD students generally have
sufficient experience in independent work with scientific materials, time management skills, and a high level
of motivation for learning.

At the same time, given the complexity and interdisciplinary nature of climate services management, regular
discussion of theoretical concepts, methodological approaches, and practical examples of climate services
application is essential. For this purpose, periodic meetings between PhD students and the instructor are
planned in a synchronous format (online or offline), during which the results of studying course materials
will be discussed, case studies of climate services will be analyzed, and research tasks will be carried out.

Asynchronous online learning involves working with video lectures, scientific articles, analytical reports,
and other learning materials available on a learning platform (e.g., Moodle). The instructor will support the
learning process through forums, online discussions, and consultations, ensuring continuous feedback
between the instructor and PhD students.

At the end of the course, a final assessment of learning outcomes is npeaycmorpeno, which may include the
preparation of an analytical paper or a research project related to the analysis or evaluation of climate
services. Upon successful completion of the course, PhD students may be awarded certificates.

Given the current challenging conditions in Ukraine, the course may also be delivered fully online using
asynchronous materials with the possibility of synchronous online sessions.

The online format also creates additional opportunities to involve leading scientists and experts in climate
services, who can deliver guest lectures or participate in discussions. This will contribute to broadening the
scientific outlook of PhD students and familiarizing them with current international research and practices in
climate services.

Particular importance in this format is placed on regular and purposeful communication between the
instructor and PhD students, as studying climate services management requires in-depth analysis of climate,
socio-economic, and institutional aspects. Such interaction will support the development of PhD students’
ability to critically analyze scientific approaches, evaluate the effectiveness of climate services, and apply
acquired knowledge in their own research.

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.
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Combine different learning strategies to create a diverse learning environment that accommodates different
learning styles of participants. This will increase learning effectiveness and help achieve the planned
outcomes. In this section, it is not necessary to describe specific activities in detail.

Learning strategies

The learning process within the course is based on a combination of theoretical instruction, practical work
with climate data, case-based analysis, and a project-oriented approach. This combination allows for the
development of both fundamental knowledge and applied skills necessary for working with climate forecasts
and climate services.

1. Lecture-based learning and work with scientific resources

Lectures provide the theoretical foundation of the course and account for approximately 30% of the study
time. During lectures, students are introduced to key concepts of climate forecasting, methods for evaluating
the accuracy of climate models, sources of climate data, and modern approaches to developing climate
services.

Lecture materials are supported by the use of scientific articles, technical reports from international
organizations (in particular the World Meteorological Organization and the Copernicus Climate Change
Service), as well as specialized online resources for working with climate data.

This strategy is aimed at developing students’ systemic understanding of climate modelling processes,
forecasting, and the use of climate information to support decision-making.

2. Practice-oriented learning (hands-on learning)

Practical sessions account for about 30% of the course time and are aimed at developing skills in working
with real climate data and predictive information.

During practical sessions, students work with modern digital tools and platforms, including:

e Copernicus Climate Data Store (CDS)

e Climate Explorer

e Climate4Impact

o Python libraries for working with climate data (xarray, climpred, pandas, matplotlib)

Practical tasks include:

downloading and initial processing of climate data;

analysis of seasonal and sub-seasonal forecasts;

evaluation of the accuracy of climate forecasts;

application of downscaling and bias correction methods;

analysis of long-term climate scenarios.

This approach enables students to acquire skills in using tools that are widely applied in international practice
in climate research and climate services.

3. Project-based learning

Project work accounts for approximately 40% of the course time and is a central element of the learning
process.

Students work in small groups to develop an applied climate forecast for a specific region and user (e.g., an
agricultural enterprise, a municipal water utility, or local government authorities).

The project involves completing the full cycle of working with climate predictive information:

identifying user needs;

collecting and analyzing climate data;
developing a forecast;

assessing its accuracy;

adapting results to user needs;

preparing recommendations for decision-making.
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The project concludes with a presentation of results and a group discussion, allowing students to receive
feedback and critically evaluate different approaches to developing climate forecasts.

4. Discussion and reflection strategies
Discussions and debates are conducted both during practical tasks and after project completion.
These discussions are aimed at:

developing critical thinking;

building skills for reasoned scientific discussion;

analyzing different approaches to the use of climate forecasts;

evaluating the limitations of climate models and uncertainties in forecasts.

5. Self-directed learning and digital tools
Independent student work includes:

studying scientific materials;
completing practical tasks;
preparing project work;

e taking self-assessment tests.

Digital platforms and online resources are used to support the learning process, providing access to climate
data, software tools, and learning materials.

7. Pedagogical logic of the course

The combination of lectures, practical sessions, case studies, and project work ensures a balanced learning
process that aligns with two key principles of modern education:

Flexibility — the ability to adapt the learning process to different levels of student preparation and varying
learning conditions.

Diversity — the combination of theoretical knowledge, practical skills, and analytical thinking.

The application of these approaches contributes to the development of professional competencies required for
working with climate forecasts, analyzing climate risks, and developing climate services to support decision-
making across different economic sectors.

Learning activities

Describe the main learning activities that will be included, such as lectures, readings, case studies,
discussions, exercises, practical tasks, simulations, role-playing, etc.

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

The learning activities of master’s students will consist of lectures, which will account for approximately
20% of the total course time. Practical sessions will be implemented in the form of various practical tasks
(20% of the time), case studies (30%), and projects (30%). Case studies and project work will also include
discussions, which will be conducted either after task completion or during its implementation. To assess
knowledge of course sections, self-assessment tests and final assessment tests will be provided.

Lecture sessions will include the following topics:

Lecture 1: Fundamentals of climate modelling

Lecture 2: Standards and agreed frameworks supporting climate modelling
Lecture 3: From global climate models to regional applications

Lecture 4: Methodological approaches to impact modelling

Lecture 5: Access to climate data and tools for end users

Lecture 6: Validation of climate models and the ESMValTool
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Lecture 7: Bias correction of climate models: methods, effectiveness, and limitations

The practical session cycle is aimed at developing skills in working with climate predictive data, model
verification, and the use of climate scenarios for assessing future climate change. The tasks are based on
modern tools such as the Climate Data Store (CDS), Climate Explorer, Climate4lmpact, Python libraries
(xarray, climpred), as well as methods recommended by the World Meteorological Organization (WMO).
The practical sessions are applied in nature and oriented toward real needs of climate services in supporting
decision-making across different sectors.

Practical session 1: Downloading and initial processing of climate predictive data
Obijective:

To familiarize students with basic sources of climate predictive information and methods for structuring it
for further analysis.

Expected outcomes:

Students will be able to locate and download data from open climate portals, perform basic quality checks,
and visualize simple time series.

Practical session 2: Developing a sub-seasonal or seasonal forecast for a specific region
Obijective:

To train students to formulate a climate forecast considering the specifics of a selected region and seasonal
climate variability.

Expected outcomes:

Students will produce a forecast of temperature or precipitation for a given period, analyze the spatio-
temporal structure of anomalies, and present results in the form of maps or graphs.

Practical session 3: Forecast verification

Obijective:

To introduce students to methods of forecast evaluation by comparing predictions with observed data.
Expected outcomes:

Students will calculate key verification metrics (e.g., CRPSS, Brier Score), interpret their values, and draw
conclusions regarding forecast quality.

Practical session 4: Downscaling and bias adjustment
Obijective:

To provide practical skills in applying simple methods of spatial downscaling and bias correction of climate
models to improve the accuracy of regional forecasts.

Expected outcomes:

Students will apply statistical downscaling and bias-correction methods to real climate data and evaluate
improvements in the results.

Practical session 5: Analysis of climate scenarios

Obijective:

To develop skills in working with long-term climate scenarios and assessing them for applied tasks.
Expected outcomes:

Students will compare SSP scenarios (e.g., SSP2-4.5 and SSP5-8.5), produce graphs of projected changes,
and analyze potential impacts for a selected region or sector.

The group project will include research on the topic: “Development of a climate forecast and its adaptation to
the needs of a specific user.”
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Group project will include research on the topic: “Development of a climate forecast and its adaptation to
the needs of a specific user”.

General description:

This project is based on the application of climate forecasts (sub-seasonal, seasonal, or long-term) to solve
practical tasks in the field of climate services. Students will work in small groups (2—4 persons) to create a
forecasting product for a specific region and user—for example, an agricultural enterprise, a municipal water
management service, or a municipality. Each team will carry out the full forecasting cycle: from climate data
collection to their adaptation and presentation in a form understandable to the end user.

Project aim:

To provide students with practical experience in developing a climate forecast, assessing its quality, and
adapting it to specific user needs. The project will promote interdisciplinary thinking, communication with
simulated clients, as well as skills in visualization and presentation of forecasting information.

Student tasks:

Students analyze weather and climate conditions in a selected region, create and verify a forecast for one or
more climate parameters (temperature, precipitation, etc.), and formulate a final forecast taking into account
user needs (e.g., a farmer or municipal officer).

Each group:

1. Select a region and a user (LO#1): e.g., an agricultural producer in the Odesa region or the city
administration of Kyiv..

2. Collects relevant climate data (LO#1): downloads seasonal or long-term forecasts from Copernicus
CDS, Climate4lmpact, Climate Explorer portals.

3. Creates a climate forecast for the selected period (LO#3): uses models or interprets forecast data;
performs basic data processing.

4. Verifies the forecast (LO#2): compares it with observational data and calculates simple accuracy
metrics (e.g., Brier Score, CRPSS).

5. Produces an adapted forecast for the user (LO#1): translates results into decision-oriented
language, formulates risks, provides practical recommendations, and indicates time horizons.

Expected results:

o A completed forecast (graphs, maps, tables) for the selected region;

o A verification analysis with basic accuracy estimates;

e A user-adapted forecast (in the form of an explanatory note);

o A presentation (10 minutes) with conclusions, comments, and recommendations;

e A short report (up to 5 pages) in a structured format (introduction, methods, results, discussion,
conclusions);

e Participation in a group discussion after the presentation for critical analysis of other teams’
approaches.

Assessment of learning

Describe the assessment plan for participants before, during, and/or after the course, including tests,
exercises, activities, and projects to be assessed.

Indicate whether self-assessment or peer assessment will be used. Explain how assessment is linked to the
learning outcomes.

Type of Assessment description Maximum
activity score
Tests Online tests after thematic modules to assess theoretical knowledge of climate models, data 20 points
sources, forecasting methods, and climate scenarios
Practical Completion of individual practical tasks: working with climate data, developing forecasts, 30 points
sessions verifying them, applying downscaling methods, and analyzing climate scenarios
Discussions Active participation in discussions during practical sessions and presentation of results, 10 points
quality of argumentation, and ability to interpret analytical outcomes
Group project | Development of a climate forecast for a specific region and user, including data analysis, 40 points
forecast verification, scenario use, and presentation of results
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Group project assessment is carried out using a four-level scale: excellent level, good level, satisfactory
level, and insufficient level. The maximum score for the project is 40 points.

Learning Assessment Excellent level (A) Good level Satisfactory Insufficient level | Max.
outcome criterion (B-C) level (D-E) (F score
LO1 Quality of the The forecast is The forecast is | The forecast is The forecast is 15
Develop sub- | developed developed correctly, generally developed with incorrect or
seasonal, climate forecast using appropriate data | correct, but noticeable missing; user
seasonal, and | and its adaptation | and methods; uncertainty or | methodological needs are not
long-term to user needs uncertainty is user needs are | limitations; considered
forecasts considered; results are | only partially adaptation to
clearly adapted to the considered user needs is
needs of a specific superficial
user
LO2 Use of standard Verification is One or two Verification is Verification is 10
Perform verification performed correctly; metrics are conducted absent or
forecast methods (Brier several metrics are used; superficially or performed
verification Score, CRPSS, used; results are interpretation with incorrectly
etc.) properly interpreted is somewhat methodological
limited errors
LO3 Use of scenarios | Scenarios (e.g., SSP) Scenarios are Scenarios are Scenarios are not | 10
Formulate and models in are used correctly; used, but their | used formally or | used or are used
and apply forecasting radiative forcing, interpretation without incorrectly
climate boundary conditions, or explanation | sufficient
scenarios and model limitations | is partially explanation
are explained limited
General Quality of Clear structure, high- The Visualization The work is 5
research presentation of quality maps and presentation is | and explanations | unstructured, and
skills results graphs, well-argued understandable | are partially the results are
(visualization, conclusions but has some unclear difficult to
structure, shortcomings interpret
presentation)

Learning storyboard (learning storyboard)

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

Cropi6opp Kypcy «lMporHocTuyHi mogeni»: banaHc 3MilLaHOro HaBYaHHSA
MigroToBka daxiBLiB [0 KiNbKiCHOro aHanisy Ta nepeg6ayveHHs KniMaTUYHUX NPOLLECIB Y 3MiluaHoMy popmari

Moaynb 1:

CKnafiaHHA NporHosie

DoKyC Ha OCHOBaX
MO/IeNIOBaHHS, [Kepenax [aHux
Ta noyaTKoBii 06pobLi.

Moaynsb 2:

Bepudikauia

OujiHKa TOYHOCTI MPOrHo3iB Ta
MeTogonoria po6oty 3

IHCTpYMeHTamu.

Mopynsb 3:
CueHapii Ta MNpoekT
dinanisallis MOIeNICBaHHSA,
3BCTOCYBaHHA METO/iB KOpekLjii
Ta npeseHTaL|if pesynbrartis.

CUHXPOHHO

(OYyHe HaBYaHHSA)

[ MpynysaHHa

ToloTopian (nekuii npo pKepena Ta
hopmaTi AaHux) Ta NPaKTUYHI
BMPaBM 3 3aBaHTAXEHHs Ta 06po6KK
AaHux y cuctemi Copernicus Climate
Data Store (CDS).

¥ MpynysannA [ OuiHioBaHHS ‘i

[paKTWyYHi BripaBu 3 po3paxyHKy
meTpuk TouHocTi (CRPSS, Brier
Score) Ta BigKpWTa AUCKYCIA WOAO
aHanisy noxubok mopeneii.

M OuinroBanHs

ACHHXPOHHO

M MpynysaHHs

iHCTpyMeHTaMu Ta NporpaMHum
3abeaneyeHHAM ANA cBpobku
KNIMaTUYHNX AaHKX.

[ MpynysaHHa

l @ (OHnaiiH-HaBYaHHS)

CamocTiitHe YuTaHHA NPodinbHUX
HayKOBUX Mpallb Ta NPOXOAXKeHHA
TECTiB ANA CAMOKOHTPONIO 3HaHb.

TotoTopian 3 MeToponorii po6oTu 3

[ OujHioBaHHs

i

[ OuiHoBaHHA

(4 Mpynyeanns

[pakTUYHi BNpaBu 3 AayHCKeAniHry
Ta kopekuii 3cysy (bias adjustment),
a Takox (iHanbHa npeseHTauina
pe3ynbTaTiB NPOEKTY.

[V OuiHioBaHHA

CamocTiitHa po6oTa Hafl NPOEKTOM:
36ip AaHwx, GeanocepenHe
MOJAENIOBaHHA Ta HANUCAHHA
thiHaNbHOro AOCNIAHMULKOTO 3BITY.

[ Mpynysanus

[ OujHioBaHHA
Py
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Learning resources and tools
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List the available resources that you will use for different types of learning activities and recommend to
students.

Describe the technologies you will use to implement the learning solutions, including educational technologies
and operational equipment (technical equipment, software, collaboration tools).

1.

10.

11.

12.

O'Neill, B. C., Tebaldi, C., van Vuuren, D. P., Eyring, V., Friedlingstein, P., Hurtt, G., Knutti, R., Kriegler,
E., Lamarque, J.-F., Lowe, J., Meehl, G. A., Moss, R., Riahi, K., and Sanderson, B. M.: The Scenario
Model Intercomparison Project (ScenarioMIP) for CMIP6, Geosci. Model Dev., 9, 3461-3482,
https://doi.org/10.5194/gmd-9-3461-2016 , 2016

Tebaldi, C., K. Debeire, V. Eyring, E. Fischer, J. Fyfe, P. Friedlingstein, R. Knutti, J. Lowe, B. O’Neill,
B. Sanderson, D. van Vuuren, K. Riahi, M. Meinshausen, Z. Nicholls, G. Hurtt, E. Kriegler, J.-F.
Lamarque, G. Meehl, R. Moss, S. Bauer, O. Boucher, V. Brovkin, J.-C. Golaz, S. Gualdi, H. Guo, J. John,
S. Kharin, T. Koshiro, L. Ma, D. Olivié, S. Panickal, F. Qiao, N. Rosenbloom, M. Schupfner, R. Seferian,
Z. Song, C. Steger, A. Sellar, N. Swart, K. Tachiiri, H. Tatebe, A. Voldoire, E. Volodin, K. Wyser, X.
Xin, R. Xinyao, S. Yang, Y. Yu, and T. Ziehn, Climate model projections from the Scenario Model
Intercomparison Project (ScenarioMIP) of CMIP6, Earth System Dynamics, accepted, 2020. doi:
10.5194/esd-2020-68

https://esd.copernicus.org/articles/12/253/2021/esd-12-253-2021.pdfBrian C. O'Neill, Claudia Tebaldi,
Detlef P. van Vuuren, Veronika Eyring, Pierre Friedlingstein ta in. The Scenario Model Intercomparison
Project (ScenarioMIP) for CMIP6. Geoscientific Model Development, 2016. https://doi.org/10.5194/gmd-
9-3461-2016

Claudia Tebaldi Ta in. Climate model projections from the Scenario Model Intercomparison Project
(ScenarioMIP) of CMIP6. Earth System Dynamics, 2021. https://doi.org/10.5194/esd-2020-68

Bock, L. et al. Quantifying progress across different CMIP phases with the ESMValTool. Journal of
Geophysical Research: Atmospheres, 2020. https://doi.org/10.1029/2019JD032321

Gerald A. Meehl et al. Climate model experiments and design of CMIP6. EOS, 2014.
https://doi.org/10.1002/2014E0090001

Veronika Eyring, Sandrine Bony, Gerald A. Meehl ta in. Overview of the Coupled Model Intercomparison
Project Phase 6 (CMIP6) experimental design and organization. Geoscientific Model Development, 2016.
https://doi.org/10.5194/gmd-9-1937-2016

Intergovernmental Panel on Climate Change. Climate Change 2013: The Physical Science Basis (IPCC
AR5 WGI Report). https://www.ipcc.ch/report/ar5/wgl/

Detlef Stammer et al. Science Directions in a Post-COP21 World of Transient Climate Change. Earth’s
Future, 2018. https://doi.org/10.1029/2018EF000979

Jana Sillmann et al. Climate extremes indices in the CMIP5 multimodel ensemble: Part 1. Model
evaluation in the present climate. Journal of Geophysical Research: Atmospheres, 2013.
https://doi.org/10.1002/jgrd.50203

Masson, D., & Reto Knutti. Climate model genealogy. Journal of Climate, 2011.
https://doi.org/10.1029/2011GL 046864

Reto Knutti et al. Climate model genealogy: Generation CMIP5 and how we got there. Geophysical
Research Letters, 2013. https://doi.org/10.1002/grl.50256
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https://doi.org/10.5194/gmd-9-3461-2016
https://doi.org/10.5194/gmd-9-3461-2016
https://doi.org/10.1029/2019JD032321
https://doi.org/10.1002/2014EO090001
https://doi.org/10.5194/gmd-9-1937-2016
https://www.ipcc.ch/report/ar5/wg1/
https://doi.org/10.1029/2018EF000979
https://doi.org/10.1002/jgrd.50203
https://doi.org/10.1029/2011GL046864
https://doi.org/10.1002/grl.50256

13.

14.

15.

16.
17.

18.

19.

Ed Hawkins & Rowan Sutton. The potential to narrow uncertainty in regional climate predictions. Bulletin
of the American Meteorological Society, 2009. https://doi.org/10.1175/2009BAMS2607.1

Dufresne, J.-L., & Sandrine Bony. An assessment of the primary sources of spread of global warming
estimates  from  coupled atmosphere—ocean  models. Journal of Climate, 2008.
https://doi.org/10.1175/2008JCL12239.1

Torma, C. Added value of regional climate modeling over complex terrain: precipitation over the Alps.
Journal of Geophysical Research, 2015. https://doi.org/10.1002/2014JD022781

Inter-Sectoral Impact Model Intercomparison Project.

Lukas Warszawski et al. The Inter-Sectoral Impact Model Intercomparison Project (ISIMIP): Project
framework. PNAS, 2014. https://doi.org/10.1073/pnas.1312330110

Lukas Warszawski et al. A multi-model analysis of risk of ecosystem shifts under climate change.
Environmental Research Letters, 2013. https://iopscience.iop.org/article/10.1088/1748-9326/8/4/044018

Cyrille Caminade et al. Impact of climate change on global malaria distribution. PNAS, 2014.
https://doi.org/10.1073/pnas.1302089111
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https://doi.org/10.1175/2009BAMS2607.1
https://doi.org/10.1175/2008JCLI2239.1
https://doi.org/10.1002/2014JD022781
https://doi.org/10.1073/pnas.1312330110
https://iopscience.iop.org/article/10.1088/1748-9326/8/4/044018
https://doi.org/10.1073/pnas.1302089111

