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Abstract: The increasing prevalence of wicked problems, such as climate change, requires a transfor-
mation in education that equips students with the skills, competencies and knowledge to address
these complex challenges. Wicked problems are characterised by their incomplete, contradictory, and
ever-changing requirements, rendering them difficult to resolve due to intricate interdependencies.
Nexus thinking offers a valuable approach to these problems, as it emphasises the interconnectedness
of various systems, fostering a more comprehensive understanding of the challenges at hand. In this
paper, we propose the use of Climate, Land, Energy, and Water (CLEWs) modelling as an innovative
pedagogical strategy tool to cultivate nexus thinking among students. Building upon the pioneering
CLEWs pedagogical work of Shivakumar et al., in their ‘Introduction to CLEWs’ Open Learn course,
we demonstrate how this approach can be utilised in a Higher Education (HE) setting in the form of
a Masters’ module for geography students.

Keywords: CLEWs; OSeMOSYS; pedagogy; nexus thinking; wicked problems

1. Introduction

The contemporary world is increasingly marked by the rise of wicked problems that
resist traditional problem-solving methods and require innovative solutions [1,2]. In this
light, issues such as ‘poverty and income inequality’, ‘cybersecurity and privacy’, ‘food
security and agriculture’, ‘education disparity’ and, as recently highlighted by the COVID-
19 pandemic, ‘global health inequality’ have been framed as wicked problems. More
recently, the UN’s Sustainable Development Goals (SDGs) have also been described as
wicked problems, largely due to the interconnected nature of these goals and complex
trade-offs and synergies occurring between them [3,4]. Climate change is perhaps the most
salient wicked issue, often deemed as a ‘super’ wicked problem due to its particularly
complex and multifaceted characteristics that have far-reaching consequences for societies
and ecosystems across the globe [5,6].

In order to prepare the succeeding generations to address climate change and similar
non-linear wicked problems, education must evolve to equip students with essential
problem-solving, knowledge acquisition, and critical thinking abilities [7–9]. This is a
pressing matter as there is a real danger of:

“naïve[ly] assum[ing] that knowledge of climate change and its consequences is sufficient
to prompt people to act. . . In some cases, knowledge of the basic science of climate change
caused the opposite of the intended effect—[in the classroom] students felt helpless and
disempowered, and fell into apathy.” [10] (p. 3)

Indeed, the daunting nature of climate change is equally likely to cause paralysis
in educational settings as it has been in international policy-making arenas. To that end,
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nexus thinking [11] and Climate Land Energy Water systems (CLEWs) modelling [12,13]
represent innovative approaches to nurturing the development of suitable knowledge and
competencies. These tools should be accessible to students, preparing them to confront the
multifaceted challenges that lie ahead. Thus, we propose that introducing nexus thinking
and CLEWs modelling to postgraduate students provides not only a basic understanding of
the science, impacts, and evidence of climate change, alongside useful technical modelling
skills, but also empowers them to make future projections through scenario analysis [14]. In
engaging directly with future crises, via modelling exercises, students are encouraged to test
their responses to such challenges. This fosters agency and action—key elements of climate
change and sustainability pedagogy [8,15]. This approach will enable students to better
understand these complex challenges and motivate them to become active participants, or
‘change agents’, at local, national, and global levels [7–9]. In other words, the proposed
pedagogy in this paper contributes to the essential educational transformation needed to
prepare future generations for wicked problems like climate change.

This paper is organised as follows: In the following second section, the challenges
of teaching wicked problems are discussed, suggesting there are four key issues: their
inter-disciplinary nature, the inherent uncertainty and ambiguity of these problems, the
cognitive and emotional barrier of engaging with overwhelming challenges and their
deeply embedded nature in socio-political contexts; all of which suggests a need to reform
the traditional approach to pedagogy more generally in the 21st century. Third, we discuss
‘nexus’ and how a holistic, interconnected systems approach to wicked problems promotes
nexus thinking. Fourth, we suggest that by adopting a nexus approach to teaching super
wicked problems, such as climate change, many of the above challenges can be mitigated.
Thus, we argue that CLEWs modelling is one practical example of nexus thinking that is
suited for a Higher Education context. Following this, we show in the fifth section how
the process of CLEWs analysis fosters a nexus approach at every step in its workflow. In
the sixth section, based on the authors experience in teaching CLEWs modelling within a
higher education context, we offer insights on how to translate this form of modelling into
a format suitable for a postgraduate module. Before concluding, section seven situates the
CLEWs pedagogical approach in the wider energy planning context.

2. The Challenges of Teaching Wicked Problems

Wicked problems, such as climate change, appear so vast and intricate that they seem
to resist resolution [1]. They are frequently highly complex, ill-defined, and involve deeply
interconnected issues that defy simple solutions due to their constantly evolving nature,
multiple stakeholders, and intertwined social, environmental, and economic factors [7].
Thus, our ability to comprehend wicked environmental issues is frequently inadequate.
Wicked problems are then, by nature, difficult to define, assess, and resolve due to their
complexity: making them also inherently challenging to teach [16]. At the same time,
however, they must be taught. With the most recent IPCC report delivering a ‘final warning’
and arguing in no uncertain terms that only “swift and drastic action can avert irrevocable
damage to the world” [17], developing the capacity to confront climate change has become
a high stakes necessity. As a result, there has been a burgeoning increase of literature
in this field addressing the challenge of teaching wicked problems and climate change
more specifically.

The challenges involved in teaching wicked problems are arguably fourfold: Its inter-
disciplinary nature; their inherent uncertainty and ambiguity; the cognitive and emotional
barriers they pose; and how they are deeply embedded in socio-political contexts.

2.1. Interdisciplinary

Wicked problems inherently encompass various disciplines, making it difficult to
cover all relevant aspects within the confines of traditional subject-based curricula [18].
Traditional disciplinary boundaries often prove insufficient to tackle the interconnected-
ness and the multiple dimensions of wicked problems [19,20]. Therefore, interdisciplinary
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approaches are essential to develop a comprehensive understanding and to create effective
solutions [21]. Indeed, to help identify knowledge gaps, promote innovation, and foster a
holistic understanding of wicked problems, interdisciplinary collaboration is required [22].
For instance, climate change automatically involves social, political, economic, and envi-
ronmental factors, which can be better understood through the collaboration of natural and
social sciences, humanities, and other technical disciplines, as it allows for the integration
of diverse knowledge, methods, and perspectives from various disciplines [23,24].

Thus, the interdisciplinary nature of wicked problems requires the development of
new curricula that can foster interdisciplinary skills, critical thinking, and collaboration
among students [25]. Additionally, academics and researchers need to overcome barriers
related to communication, institutional structures, and the traditional academic reward
system to facilitate successful interdisciplinary collaboration [26].

2.2. Uncertainty and Ambiguity

Second, the inherent uncertainty and ambiguity of wicked problems present significant
challenges for educators. The flux of available information, coupled with the range of
interpretations or perspectives applicable to these problems [27–29], complicates the task
of offering students a concise, definitive understanding. This complexity becomes even
more apparent when addressing a ‘wicked’ subject like climate change, as traditional
teaching methods that depend on the dissemination of objective, unambiguous information
prove insufficient in this context [30,31]. Moreover, the continuous advancement of climate
science adds further layers of complexity to instructional efforts [32]. Simply put, wicked
problems often defy the concept of a singular ‘right answer’, a fact that can disrupt many
traditional assessment techniques. Consequently, wicked problems often do not receive
the framing they warrant, which potentially obstructs opportunities for students to engage
robustly in problem-solving and systems thinking strategies pertinent to tackling such
problems [33] (p. 498).

Given the complex context of wicked problems, and their inherent uncertainty and
ambiguity, there is a critical need for an evolved pedagogical framework. To effectively
mitigate this challenge, a constructivist ‘discovery’ learning approach supplemented by
guided instructional methods emerges as a potential solution [34]. This approach not only
cultivates ‘higher-order thinking skills’ in students, but also empowers them to perform
‘evaluation’ and ‘synthesis’ in assessments—skills that are indispensable in grappling
with multifaceted problems (For a deeper discussion on ‘thinking skills’, i.e., Blooms
Taxonomy, and their relationship to assessment and intended learning outcomes [35]).
This educational paradigm pivot would involve active learning methods with practical
activities, applied purpose and collaborative undertakings among peers [36]. It emphasizes
creating an authentic learning environment, embedding learning in real-world contexts,
and facilitating experiential and social learning. Such a model is particularly well-suited
for engaging students with the intricate and evolving nature of wicked problems, thereby
building their capacity to navigate and respond to these complex issues.

2.3. Cognitive and Emotional Barriers

Third, there are certain cognitive and emotional barriers associated with wicked prob-
lems. Students, like most of us, often struggle with the cognitive demands of understanding
complex, interconnected systems and the long-term, uncertain consequences of their ac-
tions [37]. Furthermore, the emotional implications of wicked problems, such as fear, guilt,
and helplessness, can lead to disengagement and apathy [38]. As highlighted by Singh
“students often sense that the problem is much bigger than their individual selves, as
evidenced by comments such as ‘what can I do, I’m just one person’ and ‘why learning
about climate change results in despair’” [10] (p. 42).

To effectively teach wicked problems as overwhelming as climate change, educators
need to be aware of these cognitive and emotional barriers and adopt teaching strategies
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that not only address the interdisciplinary nature and uncertainty of these issues, but also
support students in overcoming these hurdles [39].

Encouraging ‘reflexivity’ in pedagogic practices serves as a beneficial strategy for
fostering students’ awareness of their emotional responses to complex problems, thereby
aiding in resilience building. When students reflect on their own values, assumptions, and
biases while tackling complex problems, and this reflection takes place within a carefully
managed pedagogic environment, they are more likely to acquire vital skills, competencies,
and attitudes. More specifically, students can cultivate problem-solving abilities, acquire
knowledge in a nuanced manner, develop empathetic understanding and a commitment to
ethical action, all of which are crucial in addressing complex problems in their future careers
and personal lives [10,39]. This strategy is particularly effective for surmounting cognitive
and emotional barriers that may otherwise impede students from fully comprehending the
urgency and significance of the issue at hand.

2.4. Embedded in Socio-Political Contexts

Fourth, wicked problems are fundamentally entrenched within socio-political contexts,
with discussions around them often inciting polarised opinions [40,41]. A case in point
is climate change, which is subject to an intricate web of influences, including political
ideologies, vested economic interests, cultural values, and power dynamics [42]. The
path through these contentious debates is a formidable challenge for educators, who must
strike a delicate balance between promoting critical thinking and open dialogue, without
estranging students who espouse differing viewpoints [43].

For students to fully grasp the labyrinthine socio-political landscape of wicked prob-
lems, they must be guided towards an in-depth comprehension of the social, political,
and economic forces that shape environmental issues. Simultaneously, students should
be made aware of the reciprocal nature of this relationship: how environmental issues, in
turn, exert significant influence over these forces [31]. This understanding should extend
beyond a superficial knowledge of these forces as independent entities, and encompass the
interactions, intersections, and synergies among them.

To foster this multidimensional understanding, critical pedagogy emerges as a ben-
eficial strategy. This teaching approach urges students to question dominant narratives,
dissect power structures, and acknowledge the myriad forms of oppression pervading our
world [44]. By instilling this investigative mindset, students are better equipped to navigate
the complex socio-political terrain that characterizes wicked problems.

2.5. A Pedagogy for Wicked Problems

Given the inherent challenges associated with ‘wicked’ problems, it is apparent that
conventional teaching methodologies may fall short in addressing their complex nature.
This necessitates the formulation of innovative pedagogical strategies. Promising ap-
proaches include experiential and constructivist learning tactics that employ real-world
problem-solving tasks, methods that make abstract concepts more tangible, and collab-
orative activities aimed at honing practical problem-solving skills [7,10,16,45,46]. These
immersive experiences serve to deepen students’ understanding of the sociopolitical di-
mensions of complex problems while fostering their capacity for interdisciplinary and
cross-sector collaboration [47].

In constructing an educational environment that embraces the multidimensional
nature of such problems, students gain the opportunity to build the necessary resilience
and skills to confront these challenges in their subsequent careers and lives [7,48]. This
underscores the necessity for educators to innovate their teaching methods and curricula
to better equip students for the realities of grappling with complex problems like climate
change in an ever-evolving world [10,15]. In this regard, this paper proposes ‘nexus
thinking’ as a pedagogical approach that can help address the unique challenges posed by
climate change education.
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3. Nexus Thinking

Nexus thinking refers to an integrated approach to understanding and addressing
complex global challenges by examining the connections and interdependencies between
various sectors or systems. The nexus concept is often applied to issues such as climate
change, energy, water, and food security, where the interconnectedness and interdepen-
dence of these systems can lead to complex and sometimes conflicting demands on re-
sources, policies, and stakeholders [49–51]. Similarly, wicked problems are inherently
complex and multifaceted, with no clear-cut solutions, involving numerous stakeholders,
conflicting interests, and uncertainty in outcomes [52]. Thus, nexus thinking is a useful
approach in the face of these ‘wicked’ challenges, as it considers explicitly the interrelated
nature of different elements, thus providing a framework that can understand and address
these complexities with some nuance [12,13].

Specifically, nexus thinking promotes a holistic perspective, considering how dif-
ferent sectors, such as water, energy, land, and climate are interlinked [53]. In this way,
nexus thinking fosters interdisciplinary collaboration by bringing together experts and
practitioners from various fields, such as natural sciences, social sciences, economics, and
policymaking to adequately understand how different sectors interlink. Ideally, this collab-
oration between experts helps to ensure that different perspectives are considered, leading
to more robust and informed decision-making [54].

Nexus thinking also emphasises the dynamic nature of systems and the feedback
loops that exist among them. By understanding these dynamics and feedback mechanisms
between various systems, it becomes possible to design better interventions and policies
that account for potential unintended consequences and system-level effects [55,56]

Recognising this dynamism between systems is also important for stakeholder en-
gagement, as the formation and execution of policies will shape the ways and times at
which stakeholders are impacted. In this context, nexus thinking encourages practitioners
to recognise the importance of involving various stakeholders in the decision-making
process, including those from different sectors, disciplines, and levels of governance [57].
Ideally, this inclusive approach helps to ensure that diverse perspectives and interests are
considered, leading to more equitable and sustainable solutions.

This mode of nexus thinking-based analysis has become increasingly important in the
context of UN Sustainable Development Goals (SDGs) which have identified specific targets
across various social, economic, and environmental criteria. Put simply, understanding
how achieving one goal can impact another has become a critical area for research [58].
Thus, in light of nexus analysis, it is possible to use system modelling, of various types,
to make decisions on the best ways to manage resources to meet the targets outlined
by SDGs [59]. These models help design systems that balance the positive and negative
impacts of policy decisions that may radically alter the balance between the environmental
and socio-economic spheres.

Furthermore, nexus thinking offers an alternative response to how the majority of
scientific communities have responded to challenges of wicked problems. Challenges such
as climate change, for example, have seen science respond by either concentrating their
efforts on creating advanced monitoring systems for various applications, such as water
management [60] and air quality [61], or by tapping into the potential of big data [62] and
constructing elaborate co-governance structures for resource management [63]. Although
these strategies hold merit and are necessary for navigating and managing a complex world
inhabited by humans, they inevitably result in a uniform worldview and perpetuate the
pursuit of overarching, often single, solutions [16] (p. 622); not the systems type ‘nexus’
approach that is required.

Therefore, teaching nexus thinking in a pedagogical context would involve fostering
an interdisciplinary, systems-oriented mindset that enables students to understand the
complexity and interconnectedness of global challenges. Such an approach would help
to directly mitigate the barriers of climate change pedagogy (its interdisciplinary nature,
inherent ambiguity, emotional and cognitive disconnect, and embedded socio-political
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context) due to the type of thinking and analysis it encourages. In the next section we argue
that CLEWs modelling is an ideal way to achieve this systems-oriented mindset due to its
explicit nexus thinking framework.

4. Nexus Thinking as a Pedagogical Approach: CLEWs Modelling

CLEWs modelling is designed to explicitly consider the interconnectedness of different
systems and their impacts on resource management. In other words, it intends to model
how the increasing use of resources, often driven by global economic development and
population growth, has implications for both the planet and human activities. CLEWs mod-
elling simulates the intricate interconnections among various elements such as population,
resource capacity, capital investment, land use, and pollution, which are typically difficult
to comprehend. Essentially, CLEWs modelling can serve as a pedagogical tool aligned with
Cross and Congreve’s call for ‘systemic learning’, a process that fosters understanding of,
and intellectual links between, phenomena and the larger context, as opposed to learning
which breaks down subjects into isolated components [33] (p. 498).

The CLEWs modelling tool is based on the open-source energy modelling system
(OSeMOSYS) optimization code that allows users to analyse long-term energy planning
and policy scenarios [64].This form of linear programming—designed to provide strategic
guidance on determining which types of power plants a nation should invest in with the
goal of fulfilling its energy requirements that is financially optimal and cost-effective—has
now been adapted to accommodate climatic, land and water considerations too. And
it is this innovative adaptation which is referred to as Climate Land Energy and Water
systems (CLEWs) modelling [13,65]. Indeed, both OSeMOSYS and CLEWs have emerged as
particularly useful tools in assessing energy policies and strategies, as well as understanding
the potential impacts of energy system transitions on land and water resources, greenhouse
gas emissions, and climate change mitigation and adaptation efforts [13,59]. Indeed, as these
challenges—integrating variable renewable energy and preparing for climate impacts—
become increasingly critical, their open-source nature becomes more valuable. Recognising
that these open-source modelling tools are becoming increasingly important, a strong
community of practice has emerged focused on making them available and accessible to all
potential developers via a variety of outreach activities [66].

The potential of this approach has meant that various United Nations organisations,
including UNDESA and UNDP, are using CLEWs as a modelling tool to help countries
assess sustainable development policy options, without having to negotiate an expensive
consultancy paywall (For details of UNDESA and UNDP’s adoption of CLEWs as a strategy
to quantify SDGs see: https://sdgintegration.undp.org/climate-land-use-energy-and-
water-systems-clews-models (accessed on 10 May 2023)). Indeed, this form of modelling is
well positioned to contribute to research questions that address the interlinkages between
systems and the core drivers of UN policy, the Sustainable Development Goals (SDGs):

• When considering how a country or region can achieve net zero by 2050, how much
investment will be needed in energy infrastructure and how much water and land
resource will be needed?

• If my country experiences more frequent droughts and less rainfall in the future, how
can we ensure food security and meet our energy needs?

• If we are to power our vehicles by biofuels, how much land and water resource is
needed to grow biofuel crops? [59,67]

To answer these types of questions via CLEWs modelling, an active engagement in
nexus thinking is required. We argue that at each stage of the CLEWs modelling process,
elements of nexus thinking are encouraged, and by extension, often also relate to how
educators can mitigate the challenges of teaching wicked problems more generally.

https://sdgintegration.undp.org/climate-land-use-energy-and-water-systems-clews-models
https://sdgintegration.undp.org/climate-land-use-energy-and-water-systems-clews-models
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5. The Stages of CLEWs Modelling
5.1. Step 1: Define the Scope and Objectives

To begin with, researchers need to define the research question, the spatial and tempo-
ral scales, and the specific objectives of the analysis. This will help guide the model design
and inform the selection of relevant data and indicators.

The process of defining the scope and objectives of the project should involve adopting
a holistic perspective. Assuming researchers have developed objectives that require analy-
sis of various interdependencies and interactions between different systems and resources
(rather than focusing solely on individual components in isolation), this step should au-
tomatically provoke nexus thinking. For students, then, this holistic perspective enables
them to begin undergoing research that involves a comprehensive understanding of the
complex relationships between different systems and resources, which can then translate
into skills and competencies that demonstrate effective and sustainable policy suggestions.

5.2. Step 2: Identify Relevant Data and Indicators

The second step in conducting any form of nexus analysis is to identify relevant data
and indicators to measure and assess the interactions between climate, land, energy, and
water systems. This requires gathering and analysing data from various sources, such
as remote sensing, field measurements, and existing databases, as well as developing or
selecting appropriate indicators that can capture the key aspects of the systems under
study [68]. Table 1 identifies the key data sources required for building a CLEWs model.

Table 1. CLEWs Data and its Sources.

Data Type Source Web Link

Energy (Demand) International Energy Agency (IEA) https://www.iea.org/sankey (accessed on 10 May 2023)

Energy (Power Plants) Climate Compatible Growth (CCG) https://climatecompatiblegrowth.com/starter-kits/
(accessed on 10 May 2023)

Energy
(Pre-set Energy Models) OSeMOSYS Global http://osemosys.global/ (accessed on 10 May 2023)

Land Use
(Crop and Livestock)

Food and Agriculture
Organisation (FAO)

https://www.fao.org/faostat/en/#data/QCL
(accessed on 10 May 2023)

Land Use
(Food Balances)

Food and Agriculture Organisation
(FAO)

https://www.fao.org/faostat/en/#data/FBS (accessed
on 10 May 2023)

Land Use
(Land Cover)

Organisation for Economic
Co-operation and Development

(OECD)

https://stats.oecd.org/Index.aspx?DataSetCode=
LAND_COVER (accessed on 10 May 2023)

Water Food and Agriculture
Organisation (FAO)

https:
//www.fao.org/aquastat/statistics/query/index.htm

(accessed on 10 May 2023)
Water, Land use and Crops

(Detailed Data)
Global Agro-Ecological Zones (GAEZ);

(FAO) https://gaez.fao.org/ (accessed on 10 May 2023)

Note that various organisations have also taken up the mantle of making data for
CLEWs and OSeMOSYS modelling more accessible by developing data repositories in
appropriate formats and crating pre prepared models, including the Climate Compatible
Growth (CCG) programme through their ‘Starter Data Kits’ [69,70] and OSeMOSYS Global
(see Table 1).

This process of gathering data on the various components of the nexus not only
prompts interdisciplinary engagement and collaboration, but researchers can also begin
to develop a deeper understanding of the complex interdependencies and feedback loops
between climate, land, energy, and water systems. Put simply, engagement with data
(and the underpinning methodology behind it) from research areas outside one’s area of
expertise allows for a deeper system understanding. An essential step for encouraging
students who are beginning to experiment with CLEWs modelling, is to begin identifying
potential synergies, trade-offs, and vulnerabilities in these systems.

https://www.iea.org/sankey
https://climatecompatiblegrowth.com/starter-kits/
http://osemosys.global/
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/FBS
https://stats.oecd.org/Index.aspx?DataSetCode=LAND_COVER
https://stats.oecd.org/Index.aspx?DataSetCode=LAND_COVER
https://www.fao.org/aquastat/statistics/query/index.htm
https://www.fao.org/aquastat/statistics/query/index.htm
https://gaez.fao.org/
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5.3. Step 3: Develop the Model Structure

The third step in conducting a CLEWs analysis involves developing the model struc-
ture that represents the relationships and interactions between climate, land, energy, and
water systems. This entails designing a conceptual model that captures the essential ele-
ments of the nexus, and how the different systems interlink, often in the form of a Reference
CLEWs System (see Figure 1) (Based on a Reference Energy System (RES), a ‘Reference
CLEW System’ is a schematic representation of a CLEW system, capturing the structure and
interactions of the various components involved in the production, conversion, distribution,
and utilization of resources).
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Figure 1. Simplified Reference CLEW System (Source: Open Learn, 2021).

As shown by Figure 1, this structuring process is necessary to begin capturing system
dynamics and feedback loops between the different components of the nexus. Note, for
example, how in the figure that water is required input for ‘gas’ and ‘coal power plants’,
and that ‘water treatment’ and ‘maize farming’ also require inputs of energy (electricity).
Indeed, this ability to represent and analyse these complex relationships is essential for
understanding the potential impacts of different policy interventions on the various systems.
Thus, this step prepares researchers and students to identify the potential synergies, trade-
offs, and unintended consequences in the latter stages of the modelling process.

Once the model structure is created, it then needs to be ‘parameterised’, the process
of assigning values to the various components of the model. This involves inputting
the reliable and up-to-date data sources acquired in the previous step into the model.
Importantly, the data is consistent and comparable across the different components of the
CLEWs system. There is open-source software available, namely the CLEWs ‘OSeMOSYS’
modelling tool (version 4.2), in which these complex relationships can be represented, and
parameters modified (See Appendix A).

As these models are intended for long-term forecasting, a key component of ‘parame-
terising’ the model is estimating the long-term future demand of resources. Often linked
to either population or GDP projections (or a combination), this demand data is crucial in
shaping how the model attempts to optimise energy mix, land use, and water resources.
For example, to forecast energy demand in CCGs’ Starter Data Kits, their projection esti-
mates for the future demand of electricity considered a mix of factors, such as population
growth and industrial activity [69]. By synthesising data acquired from context-relevant
organisations, including the Steering Committee on Economic and Technical Cooperation
(SCE), Energy Working Group (EWG), Latin American Energy Organisation (OLADE),
and the International Energy Agency (IEA), these open-source data kits can provide, if
not direct data-informed projections, estimates based on relevant proxies [69]. A similar
method of forecasting demand is also required in the land (crops) and water systems.
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5.4. Step 4: Calibrate and Validate the Model

The fourth step in conducting a CLEWs modelling involves calibrating and validating
the model. Calibration is the process of adjusting the model parameters to ensure that
the simulated behaviour of the model is consistent with observed data, while validation
is the process of evaluating the model’s accuracy in representing the real-world system
under study. In other words, this refers to the process of creating a working baseline or
‘reference’ model from which one can compare one’s scenario results. It requires assigning
values to the model parameters based on the collected data and existing literature, and
running the model to ensure the results generated are applicable and adequately represent
the actual system being examined. This may require adjusting certain parameters to better
represent the local conditions or specific relationships within the system. It might also
involve checking that the figures and results from the baseline model are appropriate to
one’s country. For example, comparing the results of one’s baseline to another similar
country case study or adjusting variables, i.e., the cost attribution to power plants, so they
become more ‘feasible’ in one’s modelling results. This allows an evaluation of the models’
predictive accuracy and reliability. Put differently, this step aims to check that the previous
step of building the model structure and ‘parameterisation’ has occurred accurately.

This process of calibrating and validating the model can help researchers and poli-
cymakers identify gaps in data, knowledge, and understanding of the nexus, as well as
uncertainties in the model’s assumptions, parameters, and structure. In a pedagogical con-
text, it teaches students to engage directly with uncertainties and ambiguity inherent to the
wicked problem that is global environmental change pragmatically. Often this awareness
of gaps and uncertainties can stimulate further research and collaboration to address these
challenges, leading to continuous improvement of the model and greater understanding
of the nexus [71]. Or for students, fostering their initiative to develop strategies that can
mitigate these gaps.

5.5. Step 5: Scenario Development

The fifth step in conducting CLEWs modelling involves scenario development, which
is the process of exploring and evaluating various possible future trajectories and their im-
plications for the climate, land, energy, and water systems. It is intended to help researchers
and policymakers understand the potential implications of different policy interventions,
management strategies, and external factors such as technological advancements, demo-
graphic changes, and economic growth [13,53,65]. In the context of CLEWs, this could
involve modelling scenarios in a similar vein to the IPCC emission scenario report [72] in
which different ‘storylines’ (or ‘Shared Socio-Economic Pathways’ SSPs) could be created
and modelled accordingly. For example, a storyline in which land is able to produce more
crops; and rainfall increases by a specific percentage, could be created and then juxtaposed
against an opposed scenario in which these percentages are decreased instead. Various
models could be run at different percentage thresholds and from the visualisations of the
results, tipping points could be identified in terms of how land use and energy mix is
optimised (a simplified example of scenario creation can be found in the CLEWs Open
Learn Course ‘Hands-on-11, Activity 3 & 4’ [73,74] In other words, the modeller should
choose the drivers (rainfall changes, land changes, net zero) and then explore the entire
multidimensional ‘solution space’ [75,76].

Crucially, by encouraging long-term and strategic planning, scenario development
using OSeMOSYS and CLEWs-based methodologies helps researchers and policymakers
to think beyond short-term concerns and immediate crises, and to develop long-term,
strategic approaches to managing the nexus. This form of long-term scenario planning
has already been applied in country contexts. In Costa Rica, for example, this scenario
planning approach facilitated an iterative ‘data-to-deal’ process for a range of stakeholders
and experts, which then evolved into a wider ‘National Decarbonization Plan’ [77].

From a pedagogical perspective, students undertaking this form of scenario creation
are similarly required to consider a wide range of possible future trajectories, helping them
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formulate skills that recognise the uncertainties and complexities inherent to the nexus;
prompting students to do more than just imagine a future—but also foster an engagement
with future crises in the form of practical responses. This is an important component of
CLEWs modelling that can help students overcome the cognitive and emotional barriers
associated with climate change and other wicked problems.

5.6. Step 6: Analyse Results and Formulate Policy Recommendations

In this step of conducting a CLEWs analysis, the results generated from the various
scenarios are analysed and used to formulate policy recommendations. This stage involves
interpreting the outcomes of the different scenarios, identifying key trends, and under-
standing the potential implications for the climate, land, energy, and water systems [65,78].
This evidence-based approach helps to ensure that policies and strategies are grounded in a
solid understanding of the complex interdependencies and uncertainties within the climate,
land, energy, and water systems. As highlighted by Prince, students studying in fields
relating to sustainability are prone to making generic statements, such as “all stakeholders
need to be involved in decision-making, the social dimension is important to consider, or
economic leakage has to stop” after reflecting upon data [79] (p. 181). To avoid these types
of vague conclusions, CLEWs modelling opens up assessment opportunities for students
to identify potential synergies, trade-offs, and conflicts among different policy objectives
and management strategies. This encourages them to articulate more informed, direct, and
grounded policy decisions about the most effective and sustainable strategies for managing
the nexus.

5.7. Step 7: Communicate Findings

The final step in the CLEWs modelling process is to effectively communicate the find-
ings of the analysis to stakeholders, policymakers, and the public. It involves presenting
the results in a clear, understandable, and accessible manner, as well as engaging with
stakeholders to discuss the implications of the findings and the potential policy recommen-
dations [54,55]. This step is also an important opportunity for helping stakeholders and the
public better understand the complex interdependencies within the climate, land, energy,
and water systems, as well as the potential impacts of different policy decisions [54]. Thus,
this step allows for an increased awareness and understanding of nexus thinking at all
levels of stakeholder engagement.

In a pedagogical context, ‘communicating findings’ can be translated in the form of
group presentations articulating their modelling results in the form of visualisations, and
advocating subsequent policy recommendations; or as stakeholder role-playing exercises.
If students can clearly present the results of the CLEWs analysis and demonstrate empathy
with various stakeholders, they are providing explicit evidence of nexus thinking and
developing the skills necessary for managing the interdependencies between climate, land,
energy, and water systems. This step could also be translated as assessment in a Higher
Education context; in the form of a report that details scenario design and interpretation of
results; or a policy brief that communicates effectively how nexus thinking can be used to
inform policy.

5.8. Contextualizing the Steps

These stages of CLEWs modelling also map onto a more technical workflow diagram
for a CLEWs-based analysis (see Figure 2). It is important to note where the various steps
outlined above relate to the process of ‘running’ a model (see yellow step indicators in
Figure 2).
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6. Translating CLEWs Modelling into a Postgraduate Module: Examples from
Loughborough University
6.1. Introducing CLEWs to the Classroom

Loughborough University has begun to incorporate CLEWs modelling as part of a
module entitled ‘Mapping and Modelling the Sustainable Development Goals’, which is
a core component of both the ‘Climate Change Politics and Policy’ and ‘Climate Change
Science and Management’ Master’s courses. To use CLEWs modelling as a nexus teaching
approach at the postgraduate level, it is important to emphasise that the steps outlined for
completing the modelling process are not necessarily an appropriate order of approach for
teaching CLEWs modelling.

It is suggested that the basic technical aspects of modelling are taught first and allow
the nexus element of CLEWs analysis to emerge as an emergent outcome to be empha-
sised later and encouraged in the assessment phase. For example, in the initial weeks of
developing a CLEWs model, there is a progressive iteration occurring as the model slowly
gains additional layers of significance and intricacy. In other words, as students continu-
ously refine and expand their understanding of essential concepts within the climate, land,
energy, and water systems—slowly adding these components to their model—they can
also immediately visualise their effects through the graphs generated by the model runs.
Thus, the CLEWs model, from a pedagogic perspective, becomes an ‘interactive holistic
visual tool’ that the course hinges on. Put another way, the CLEWs model itself serves as a
supportive pedagogic structure, referenced whenever new interconnected components are
added and addressed, ensuring that these topics are perceived within an all-encompassing
‘nexus’ framework.

This type of scaffolding is especially important if the students entering the course have
a non-technical background (i.e., qualitative social sciences), and thus, may have limited
mathematical and IT confidence. It is recommended that students are, therefore, introduced
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progressively to the key concepts involved in modelling, and start by practising with
generic ‘toy’ models that are accessible to use and easy to troubleshoot. The online Open
Learn course for CLEWs, designed in collaboration between Loughborough University and
other university partners, is a critical resource designed with this purpose of ‘progressive
iterations’ in mind, and is freely available for other organisations and HE institutions to
integrate into their own modules [73]. Other strategies for introducing CLEWs progres-
sively to geography postgraduates involve the use of specifically tailored workshops based
around ‘board games’, and group work tasks focused on optimising resource allocation
(see Figure 3). An index of resources for developing an HE CLEWs module can be found in
Appendixes A and B.
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6.2. CLEWs as a Dynamic Visualisation Tool

In terms of nexus thinking or nexus analysis, perhaps the most valuable asset of
CLEWs modelling is the ability to visualise results. As emphasised in Sterman’s seminal
paper on the challenges of communicating even the most basic examples of system thinking,
dynamic visualisations can enable people to explore the complex interdependencies and
feedback loops in systems, fostering a more accurate understanding of the risks and
challenges involved [80]. This is made accessible in a CLEWs modelling context via the
OSeMOSYS-cloud platform that offers a web-based interface for users to run and analyse
CLEWs models without the need for local software installation. Users can access and run
models through a browser, making it more accessible to those who might not have access
to powerful computing resources, e.g., developing/Global South countries. Although these
visualisations are currently in the form of interactive graphs (see Figure 4), with the recent
onset of rapidly advancing AI tools, there is every possibility that these visualisations will
evolve into even more dynamic interactive simulations as ultimately advocated by Sterman:
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“We need new methods for people to develop their intuitive systems thinking capabilities.
Bathtub analogies and interactive “management flight simulators” through which people
can discover, for themselves, the dynamics of accumulation and impact of policies have
proven effective in other settings and may help here.” [80] (p. 533)

In other words, through the visualisation of CLEWs modelling, these tools can allow
individuals to explore the relationships between emissions, land use, energy supply, and the
water cycle, encouraging a more comprehensive understanding of the complex dynamics
at play. Indeed, modelling and simulation has been described as an ‘authentic learning
practice’ [33] and is becoming more widely practised due its high potential to improve
learning outcomes [81].

An example of using CLEWs tools to visualise modelling and simulation is evidenced
by Figure 4. The left graph indicates that the need for agricultural land will begin increasing
around 2025 (likely meeting increasing crop for biofuel or food consumption demands,
depending on the scenario). In other words, it demonstrates that as the land requirement
for crops increases, less land will be available for forests. The graph on the right takes the
baseline results from the graph on the left, but includes a ‘climate crisis’ beginning in 2040,
in which land cannot produce as many crops as usual due to decreases in rainfall. This
is a basic example demonstrating how this form of modelling can be used for engaging
students in considering future trajectories, and then creating policy insights that can help
mitigate climate issues.

6.3. Linking CLEWs and Nexus Thinking

The types of insights derived by the CLEWs visualisations can highlight links across
different sectors, thus promoting nexus thinking. Figure 5, for example, indicates which
sectors are responsible for emissions, combining land use, power generation, and various
other uses into the same graph. CLEWs modelling is also particularly good for visualising
and capturing scenarios that highlight the more intricate connections across the different
systems. These connections include (but are not limited to):

• Water for Energy (the water needed for cooling in thermal power plants)
• Energy for Water (the energy which is needed for pumping water from surface and

groundwater sources for irrigation, thermal power plant cooling, and public water
supply).

• Energy for Land (the energy, i.e., diesel that is used for operating agricultural equip-
ment in the land used for crop cultivation)

• Land for Energy (using crops to produce biofuel for consumption in the transport
sector) [82].
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The visualization of these links helps facilitate a more comprehensive understanding
of the intertwined nature of Climate, Land, Energy, and Water systems, enabling students
to engage with an integrated approach of policy decision-making. For example, a CLEWs
model could help students develop dissertations that explore how a national policy favour-
ing biofuel cultivation could impact land use, water resources, and the overall emissions
profile of the energy sector; or how a country could ensure food security and meet energy
needs if droughts become more frequent. In this way, CLEWs modelling and nexus thinking
will underline the students’ learning and assessment processes, providing them with the
skills and competencies to recognise and understand the interactions between climate, land,
energy, and water systems, and thus, the capacity to tackle wicked problems.

A final pedagogical point regarding CLEWs modelling at the postgraduate level, in
addition to nexus thinking, is the technical modelling skills it provides to students. Indeed,
a criticism has been made of geography in HE that suggests there have been ‘missed
opportunities’ to link technical skills to ‘climate change challenges’) [33] (p. 500), in which
CLEWs modelling explicitly resolves. Moreover, outside of the nexus approach advantages
we have been advocating via CLEWs modelling, there are the additional valuable technical
transferable skills it provides that students would not typically gain from a postgraduate
degree—especially one in geography or the social sciences more broadly. For example, the
linear programming techniques and optimization strategies used and learnt in CLEWs
modelling are also relevant to other industries, including operations research, supply chain
management, and financial modelling.

6.4. Mitigating Limitations

A CLEWs-based modelling module tends towards a technical approach to wicked
problems, which ‘may mask a bigger debate on resource inequality and access, contributing
to social instability’ [83] (p. 610). Indeed, the concept of nexus ‘thinking’ or ‘nexus analysis’
as a basis for policy formulation and societal transformation has faced criticism due to its
inefficacy in certain contexts [57,83,84], as has CLEWs modelling [85,86] due to its overly
quantitative approach. It is necessary, therefore, to also include more qualitative aspects to
complement the modelling component that can bring out the wider socio-political contexts
of climate change and resource management.

In the Loughborough CLEWs module, ‘Mapping and Modelling the Sustainable De-
velopment Goals’, the more qualitative aspect is introduced in the form of an SDG mapping
exercise. Taking direction from the pioneering methodology outlined by (58 Fuso Nerini
et al. [58] and Bisaga et al. [87], this part of the course asks the students to find connec-
tions between the interactions and interdependencies between policy interventions and
the Sustainable Development Goals (SDGs). Using a form of consensus-based qualitative
content analysis, students then visualise these connections using various figures adapted
from the key readings (see Figure 6). A key learning objective from this exercise is to
prompt students to engage with, and recognise, how the manifestation of these synergies
and trade-offs between SDGs will differ across diverse settings, and how the subsequent
impacts for different social groups will need to be understood and accommodated. These
seminar type group exercises also create the opportunity for ‘students to bring their own
feelings, agendas, experience and knowledge into the classroom’ to ‘enable more effective
engagement with the topic’ [16] (p. 622). In other words, they create an environment
whereby students can cultivate new forms of personal initiative and collaborative problem-
solving skills, that can hopefully rejuvenate both individual and collective optimism for
improved futures [7,10,16].

In Singh’s articulation of effective climate change pedagogy, she similarly highlights
that “any effective climate pedagogy must integrate the sciences with the human experience,
and that climate justice must be an integral part of a holistic approach” [10] (p. 4). Indeed,
she goes on to argue the importance of making ‘climate justice’ a key cornerstone in any
climate change-related syllabus, whatever the discipline. In other words, as students
develop a greater understanding of climate change (which can also be read as ‘nexus
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thinking’) and its connection to other major social-ecological problems, it must be grounded
in a perspective that recognises the concerns and activism of marginalised groups—those
who have contributed least to towards climate change.
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While the topic of ‘climate justice’ is not explicitly incorporated within the curricu-
lum of the postgraduate CLEWs module at Loughborough, it is indirectly incorporated
through the integration of case studies from the Global South. A significant portion of the
module requires students to select a country from the Global South, develop a pertinent
CLEWs model, and then run scenarios that align with that country’s Nationally Determined
Contributions (NDC) goals, including ambitions around net zero and the Sustainable De-
velopment Goals (SDGs). This aspect of the curriculum indirectly immerses students in the
perspective of policymakers from their chosen countries, offering a distinct viewpoint from
that of a Global North country on crucial matters such as the ‘net zero’ approach.

Further enriching the learning experience in this regard are the university’s established
partnerships with various research centres. A notable example of this is the association
with the Climate Compatible Growth (CCG) programme. Based at Loughborough and
funded by the FCDO, CCG aims to facilitate the Global South’s transition to low carbon
development pathways.

One integral component of the CCG program is its capacity-building summer schools,
specifically designed to equip participants from the Global South with the knowledge and
tools necessary for crafting low-carbon growth strategies. This is where the Loughborough
CLEWs module students play a significant role. Having completed the module, students are
invited to help impart the knowledge they have acquired in this module to the participants
enrolled in these summer schools [70].

This collaborative exercise provides multiple benefits. It not only offers Loughborough
students an opportunity to apply their theoretical knowledge in a real-world context, but
also encourages them to interact and network with peers from the Global South. These
interactions help students to appreciate different perspectives on climate justice, thereby
indirectly emphasizing the importance of this concept in their education.

These types of exercises, that promote collaboration opportunities, allow for the impor-
tance of qualitative analysis and notions of climate justice to emerge in a pre-dominantly
modelling-based module. However, to ensure that the learning outcomes are not just about
solutions that optimise resource management, but also contribute to the wider aim of en-
couraging ‘a shift towards a new socio-economic paradigm of planetary preservation’ [79]
(p. 178), more is needed. Indeed, this modelling-based module needs be combined with
other differently focused modules in the Climate Change Master’s programme that can
address for these specific opportunities (for instance, a social science-informed module on
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the Anthropocene, or a module focused on ‘climate change and society’). This would help
ensure a well-rounded and balanced pedagogical approach to teaching wicked problems
and climate change.

6.5. Student Perspectives

The feedback provided by the students (see Appendix C) for this CLEWs-based
modelling module suggests that its content, with its multi-systems perspective and real-
world applications, was successful in cultivating a comprehensive understanding of the
interconnectedness of climate, land, energy, and water systems (however, as not every
student highlighted nexus thinking (either indirectly or directly) in their feedback, this
might suggest there is potential for it to become even more accentuated in the course
delivery). The feedback also indicates that the module has successfully linked academic
theory with policy implications in sustainable development, showcasing the synergies and
trade-offs that can occur.

The hands-on experience with the OSeMOSYS software (4.2) is greatly appreciated
by the students, who showed appreciation for the insights it provided into the practical
aspects of creating CLEWs models for a country. This aspect of the course is recognized as
instrumental in shaping students’ abilities to analyse policy decisions related to sustainable
energy, land management, water resources, and the climate system. The modulee’s empha-
sis on Sustainable Development Goals (SDGs) and the chance to evaluate their trade-offs
and synergies is noted as beneficial for future career prospects in the sustainability field.
Indeed, one student has already begun a career that uses this form of modelling.

The feedback also highlights certain areas for improvement. Some students found
the OSeMOSYS software confusing and suggested more practical lecture slots would
be beneficial. The balance between this module’s coursework load and others in the
programme is flagged as a concern, indicating a need for better alignment. The clarity of
the model building instructions is a challenge for some, particularly for those with learning
disabilities such as dyslexia, which suggests a need for a more accessible and inclusive
approach to course materials.

Overall, the course’s applicability to real-world scenarios and the employment sector
are highly valued, and the teaching methods, particularly the use of ‘games’ to explain
complex models, were appreciated by the students. The potential for improvement lies in
managing workload expectations, providing additional hands-on practice with OSeMOSYS,
and ensuring learning resources cater to diverse student needs.

7. CLEWs Pedagogy and the Wider Strategic Energy Planning Ecosystem

The CLEWs pedagogy outlined here is situated within a larger enabling ‘ecosystem’
that is aimed at improving the effectiveness of support for energy- and SDGs—planning in
developing countries. Thus, the teaching material, CLEWs model, OSeMOSYS interface
& lecturing are a part of the U4RIA-Ecosystem that aims to ensure modelling tools and
practices are user-focused, retrievable, reusable, re-constructible, repeatable, interoperable
and auditable [88]. In this way, the modelling ‘workflow’ outlined here, that achieves the
pedogeological output, is in keeping with the Round Table Principles that UNDESA, the
FCDO’s Energy for Economic Growth (EEG) program among others, helped developed [70].
Based on the 2005 Paris Declaration on Aid Effectiveness, these principles require that
modelling tools promote: ‘National Ownership’, ‘Coherence and Inclusivity’, ‘Capacity’,
‘Robustness’, ‘Transparency and Accessibility’ [70].

To ensure that these principles are maintained, the OpTIMUS community is one such
organisation (which future CLEWs practitioners can engage with) that has been created to
promote good ‘modelling’ practice and help provide, support, maintain and heal elements
of the U4RIA ecosystem (see http://www.optimus.community/, accessed on 5 July 2023).
Indeed, if these technical tools are to become less opaque, more community friendly,
have their downstream potential maximised, and include appropriate answerability, then
involvement in communities such as OpTIMUS is highly recommended. Especially as

http://www.optimus.community/
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the core aims of this pedagogical approach (beyond nexus thinking) is to remove the
‘opaqueness’ traditionally associated with this type of modelling, facilitate a more informed
decision-making process, and encourage a greater appreciation of integrated, nexus-based
modelling approaches.

8. Conclusions

Our paper has presented an argument for the importance of adopting a nexus approach
to pedagogy, with CLEWs modelling serving as a practical example of how this approach
can be effectively implemented in a higher education context. The urgency of addressing
wicked problems such as climate change necessitates a reformation of traditional pedagogy
and a commitment to fostering the interdisciplinary, integrative mindset required to tackle
these complex challenges. We have argued that a nexus approach to pedagogy can help
mitigate the challenges associated with teaching these complex issues. Moreover, we have
demonstrated how the Climate, Land, Water (CLEWs) modelling can serve as an innovative,
practical example of adopting this pedagogical approach in a higher education context.

The unique challenges of teaching wicked problems require atypical approaches
to education that move away from siloed thinking and equip students with the skills
needed to address wicked problems effectively [7,10,33]. As a response to the pedagogical
challenges, we proposed the adoption of a nexus approach to teaching, which emphasises
the examination of connections and interdependencies between various sectors or systems.
This approach allows students to develop a holistic understanding of wicked problems and
fosters an integrated mindset that transcends disciplinary boundaries. We contend that
by embracing a nexus approach to pedagogy, educators can better prepare students for
the complex, interconnected challenges of today’s world, and offer strategies for teaching
wicked problems that have been found lacking in higher education contexts [33].

We demonstrated how the process of CLEWs analysis inherently fosters a nexus ap-
proach at every step in its workflow. Specifically, we identify how CLEWs modelling
integrates knowledge and data from various disciplines, such as climatology, hydrology,
energy systems, and land-use planning. This encourages students to adopt an interdisci-
plinary perspective helpful for understanding and addressing complex, interconnected
issues. Indeed, as a systems-based approach, CLEWS modelling provides students with
a tool to analyse the relationships, feedback loops, and dynamics between climate, land,
energy, and water. This helps encourage a holistic understanding of the system and how the
consequences of decisions or interventions in one sector can impact on others [13,58,59,65].

Another key attribute of CLEWs modelling lies with how it allows students to explore
different scenarios and assess the potential impacts of various policies or interventions on
the interconnected resources. This fosters critical thinking and problem-solving skills, as
students learn to navigate trade-offs and identify synergies among the different components
of the nexus. Indeed, by generating data and insights that can inform policy decisions,
CLEWs modelling encourages students to connect the abstract concepts of nexus thinking
to real-world challenges and decision-making processes. This helps students understand
the practical implications of their analyses and the importance of considering multiple
perspectives and stakeholders when addressing complex problems.

Drawing from the author’s experiences, we offered insights on how to translate
the CLEWs modelling into a format suitable for a postgraduate module. This practical
guidance, centred on the notion of the CLEWs model acting as an ‘interactive holistic visual
tool’ that can help make sense of ‘messy’ wicked problems, should enable educators to
implement CLEWs modelling effectively within their curricula; and in ways that facilitate
the development of innovative, interdisciplinary problem-solving skills among students.

In a world grappling with complex and wicked problems such as climate change, it
is vital that higher education institutions rise to the challenge and embrace pedagogical
approaches that empower students to become effective problem solvers. Our paper has
shown that a nexus approach to pedagogy, exemplified by CLEWs modelling, can play a
crucial role in achieving this objective. The urgency of addressing wicked problems such



Energies 2023, 16, 5539 18 of 23

as climate change cannot be overstated, and it is imperative that educational institutions
take a proactive stance in cultivating the next generation of problem solvers. Indeed, as the
global community continues to grapple with the multifaceted challenges posed by climate
change, the need for innovative, interdisciplinary solutions has never been greater.
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Appendix A

Table A1. List of teaching resources for CLEWs.

Description of Resource Web Reference and Source

Example Module Specification for a
CLEWs Pedagogy

Loughborough University, ‘Mapping and Modelling the Sustainable Development Goals’.
module_specification

‘Introduction to CLEWs’ Open Learn
Course

Open Learn Course designed by CCG:
https://climatecompatiblegrowth.com/openlearn-courses/ (accessed on 10 May 2023)

Open-Source user interfaces for
CLEWs modelling

See http://www.osemosys.org (accessed on 10 May 2023) for available interfaces. With a
direct link to the latest software here: CLEWs Interface. Updated interfaces also available
via the open learn course for CLEWs (See OL, 2022 Hands-on-1;) if this link has expired.

CLEWs Troubleshooting Website A website designed to troubleshoot CLEWs model data files (check for input errors) before
it runs on the cloud: http://lee2d2.pythonanywhere.com/ (accessed on 5 July 2023)

OSeMOSYS cloud web platform
The OSeMOSYS-cloud platform offers a web-based interface for energy system modeling,

allowing users to run, and analyze (i.e., optimize) CLEWs models:
www.osemosys-cloud.com (accessed on 5 July 2023)

Group activity demonstrating what
an ‘optimizing model’ (CLEWs) ‘does’

‘Model Optimization: An IRL Farming simulation example’. Zenodo.
https://doi.org/10.5281/zenodo.7908954 (accessed on 5 July 2023)

Understanding parameters in
OSeMOSYS

‘OSeMOSYS Parameters and their Policy Relevance: An Index for Scenario Design’.
Zenodo. https://zenodo.org/record/7906986 (accessed on 5 July 2023)

Designing OSeMOSYS-based
Scenarios

Formulating Scenario(s) for one’s Country with ClicSand/OSeMOSYS (see Zenodo.
https://doi.org/10.5281/zenodo.7888162 accessed on 5 July 2023)

Guidelines on completing
a net zero OSeMOSYS-based Scenario

My First OSeMOSYS Scenario with ClicSand 3.0: NetZero. Zenodo.
https://doi.org/10.5281/zenodo.7901086 (accessed on 5 July 2023)

CLEWs Board Game CLEWs The Board Game. Zenodo. https://doi.org/10.5281/zenodo.7909020 (accessed on
5 July 2023)

Guidance for Building one’s first
CLEWs country Case Study

Still in development, expected on Zenodo (doi.org/10.5281/zenodo.7916224), Summer
2023 (or contact author)

Guidance for creating CLEWs
Country Scenarios

Still in development, expected on Zenodo (doi.org/10.5281/zenodo.8077415), Summer
2023 (or contact author)

SDG Mapping Exercise Still in development, expected on Zenodo (doi.org/10.5281/zenodo.8077425), Summer
2023 (or contact author)

https://climatecompatiblegrowth.com/openlearn-courses/
http://www.osemosys.org
http://lee2d2.pythonanywhere.com/
www.osemosys-cloud.com
https://doi.org/10.5281/zenodo.7908954
https://zenodo.org/record/7906986
https://doi.org/10.5281/zenodo.7888162
https://doi.org/10.5281/zenodo.7901086
https://doi.org/10.5281/zenodo.7909020
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Appendix B

Table A2. List Resource Requirements for a CLEWs-based HE Module.

Requirement Description

Skilled Educators An instructor/lecturer with knowledge and experience in CLEWs modelling, its applications,
related disciplines such as climate, land, energy, and water systems and sustainable development.

Curriculum and teaching
materials:

A comprehensive curriculum covering energy policy, sustainable development, and
OSeMOSYS/CLEWs modelling techniques is essential. This should include lecture slides, practical
exercises, case studies, and access to open-source teaching materials developed by organizations
like the CCG.

Software Tools Students and instructors need access to CLEWs modelling software (4.2) and other relevant tools
for data analysis and visualization.

Training Data Sets
Access to relevant CLEWs data sets for different countries, regions, or specific scenarios to support
hands-on learning and project work. For example, CCG’s Starter Data Kits, which include
open-source datasets and country models for 70 countries worldwide.

Classroom Infrastructure
Suitable classrooms, computer labs, or online platforms to support lectures, group work, and
individual study. Ensure that all required software and tools are installed and properly functioning
on the lab computers.

Time Commitment Adequate time for lectures, practical exercises, and project work throughout the semester, including
time for supervision and feedback (to ensure their projects are appropriate and feasible).

Assessment Methods A combination of assessments, such as project work, presentations, completion of the OL course
and written assignments (reports, policy briefs) to evaluate student learning and progress.

Collaboration Opportunities Opportunities to engage with external organizations, researchers, or practitioners working with
CLEWs modelling for real-world applications.

Support and Resources Access to additional resources, such as academic journals, research papers, and online materials, to
support student learning and research.

Appendix C

Table A3. Student Feedback for GYP052 Mapping and Modelling the Sustainable Development Goals
(2022 cohort).

Student Feedback

A

After completing all modules in my Masters program, I have found understanding and modelling the CLEWs nexus to
be the most interesting, varied and beneficial module. Researching, formulating, and analysing country-specific
scenarios provided a real-world application to lesson content. This module has significantly developed my approach to
considering climate change impacts and policies in a multi-systems perspective due to the inherent interconnections
between LEWs, which I never previously focused on or understood in-depth. The contents of this module jumpstarted
my desire to pursue a career in the CLEWs field, and to advance my CLEWs skills, it was chosen as the topic of
my thesis.

B

The module provided great insight into how policy decisions in relation to sustainable development can create both
synergies and trade-offs between different systems. This was particularly apparent through the variety of in class
activities that were engaging and informative into how the different systems interlink, leading into the modelling
process. The module could have allowed greater freedom into choosing our own scenarios during modelling for the
report, but the scenarios provided covered all aspects of nexus thinking.

C

During my Master’s degree in Climate Change science and management at Loughborough University, I had the
opportunity to learn about CLEWs (Climate-Land-Energy-Water Systems) as an integral part of my course modules.
One of the highlights of the course was gaining hands-on experience in developing a CLEWs model for a country using
the OSEMOSYS software. This experience was truly insightful as it allowed me to witness firsthand how CLEWs
considerations play a crucial role in shaping a country’s policy decisions related to sustainable energy, land
management, water resources, and the overall climate system. Assessing the trade-offs and synergies between the
Sustainable Development Goals (SDGs) became a valuable skill that I acquired through this course model. I believe that
this knowledge holds great significance and enhances employability and future prospects, enabling individuals to
effectively analyse and influence policy decisions for a sustainable future.
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Table A3. Cont.

Student Feedback

D

Having the ‘games’ classes which helped to explain the model was very helpful. It was good to learn new things that
may be useful in our future career. But Osemosys is confusing, and I think to have more practical lecture slots would be
useful as even attending them all it has been hard to keep up with what is expected alongside the other coursework
expected on the module. It seems like we are being expected to do too much compared to other modules in terms of
coursework and lesson load.

E

As someone with dyslexia, trying to read the [Model Building] instructions got a bit difficult, so I suggest maybe make
them a tad clearer.
The SDG context and the OSEMOSYS software hands on practical are very important and interesting. This modelling
practice and SDG knowledge would help me in my future career. I really like the energy modeling approach.

F

The module was really engaging and brought me into the unknown realm of energy modelling, where I particularly
enjoyed CLEWs, as it is interesting to see the interlinkages between different aspects. Classes to begin were difficult but
a good learning curve, with great support provided. This could have been improved by more background information
on modelling itself and some example studies on CLEWs at the outset. Since studying this module, I have become one
of the lead CLEWs people at Climate Compatible Growth (CCG).
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