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Abstract: Water, food, and energy are vital for individual well-being and national develop-
ment. However, population growth and economic expansion have significantly increased
the demand for these resources, while climate change has put pressure on their availability.
To address these challenges, the Water-Energy—Food (WEF) Nexus framework highlights
their interconnected nature, promoting systemic management approaches. System dynam-
ics, a methodology designed to analyse complex and interrelated systems, is well-suited
for modelling the WEF Nexus, capturing feedback loops and dynamic interactions. This
study evaluates the use of system dynamics in WEF Nexus modelling and examines how
economic systems, a key driver of resource demand, are represented in these models. A sys-
tematic literature review was conducted following the PRISMA framework. Of 280 articles
initially identified, 237 remained after removing duplicates, with 36 relevant studies anal-
ysed. The results show a dominance of water-focused and balanced WEF models but
limited representation of economic systems. Among 20 studies with economic represen-
tation, 17 treated the economy as an exogenous input to estimate demand, while only
3 integrated endogenous feedback linking resource availability to economic growth. These
findings reveal a significant gap in current research and underscore the need for further
studies to explore the dynamic interdependence between the economy and WEF resources.

Keywords: water—energy—food nexus; system dynamics; economic modelling; energy—
economy integration; energy transition

1. Introduction

Water, energy, and food are indispensable resources for individual well-being and
national development. By 2050, the global population is projected to reach approximately
9.8 billion, increasing from 8.1 billion in 2024 and ultimately peaking at over 10 billion
later this century, according to the United Nations [1]. Simultaneously, global economic
growth projections under the Shared Socioeconomic Pathways (SSPs) highlight a consistent
trend of global economic expansion despite notable variations across scenarios. By 2050,
projected Gross Domestic Product (GDP) values range from approximately USD 169 trillion
in SSP3, which reflects slower expansion, to over USD 348 trillion in SSP5, characterised by
rapid growth [2].

These trends are expected to drive higher demands for water, energy, and food. For
instance, global water demand for domestic, industrial, and agricultural uses, currently
around 4600 km? per year, is projected to increase by 20-30% by 2050 due to socioeconomic
changes [3]. Similarly, worldwide energy consumption is projected to grow by 34% under
the Energy Information Administration (EIA) reference scenario, with total marketed energy
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use reaching 855 quadrillion British thermal units by 2050 [4]. Regarding food, projections
vary. The Food and Agriculture Organization of the United Nations (FAO) estimates
that global food demand will increase by 60-110% by 2050 [5], driven by population
and economic growth. A meta-analysis conducted by van Dijk et al. [6] reviewed these
projections and compared them with estimates from the SSPs scenarios. Under SSP2, most
used as a business-as-usual scenario, the meta-analysis found a projected increase of 51%
in food demand by 2050.

While the SSP2 estimate is lower than the FAO’s upper range, it underscores sig-
nificant growth in food demand. These findings highlight the escalating challenge for
policymakers to ensure the accessibility, availability, affordability, and stability of those
valuable resource supplies in the face of mounting pressures from population growth and
economic expansion.

While global demand for these critical resources is projected to rise rapidly, the supply
side faces challenges due to the effects of climate change. Water systems, for instance, are
highly sensitive to climatic variability. Annual stream flows have shown decreasing trends
in regions such as western and central Africa, eastern Asia, southern Europe, western
North America, and eastern Australia, driven by regional precipitation and temperature
changes [3]. Moreover, increasing agricultural and ecological droughts, particularly in
the Mediterranean and western North America, have been attributed to anthropogenic
warming, highlighting their heightened frequency and severity over recent decades, which
could become a threat to water supply in a demand-growing world [3].

Since agriculture accounts for almost 70% of freshwater withdrawals [7], agricultural
systems are increasingly vulnerable to climatic stressors. Projections suggest that drought-
driven yield losses could reach 9-12% for wheat, 5.6-6.3% for maise, 18.1-19.4% for rice,
and 15.1-16.1% for soybeans by 2071-2100 under a high-emissions scenario [8].

In the energy sector, the current reliance on fossil fuels—oil, coal, and natural gas—
dominates the global energy mix. These energy sources are the most widely used today and
are significant contributors to CO, emissions, intensifying climate change. Additionally,
their finite nature raises concerns about long-term resource availability [9]. Given the
dominance of fossil fuels in the global energy mix and their significant contribution to CO,
emissions, the transition to a low-carbon energy system has become imperative. However,
this shift is not solely a technological challenge; it is fundamentally shaped by economic
policies and regulatory frameworks.

The expansion of renewable energy depends not only on technological factors but also
on subsidies, infrastructure investments, and carbon pricing mechanisms, which influence
both the pace and viability of this transition. At the same time, the large-scale deployment
of renewable energy sources introduces additional resource constraints.

Photovoltaic power plants, for instance, require substantial water for their operation,
while wind and solar farms demand vast land areas. Similarly, biofuel production competes
with food agriculture, affecting land availability and potentially driving up food prices.

Beyond the energy sector, economic forces play a crucial role in shaping the availability,
accessibility, and distribution of water and food resources. Infrastructure investments,
pricing mechanisms, and agricultural subsidies directly impact resource security, while
market dynamics, consumer behaviour, and economic growth further influence production
and consumption patterns. These economic factors determine how resources are allocated
and managed, ultimately influencing their sustainability and resilience in the face of
growing environmental and socioeconomic pressures.

Collectively, these challenges underline the urgent need for integrated management
approaches to ensure the sustainable supply of these essential resources under climate-
induced pressures.
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Addressing these complexities requires a holistic analytical framework capable of
capturing the dynamic interdependencies among water, energy, and food systems. One
such approach is the Water-Energy-Food (WEF) Nexus framework, which emerged promi-
nently in policy and academic discourse during the 2011 Bonn Conference on the Nexus,
marking a pivotal moment in resource management [10]. This framework emphasises
the interconnected nature of these three systems, advocating for systemic approaches to
manage these resources sustainably.

Water, energy, and food are inherently linked. Water is critical for food production,
whether through irrigation or as a component in agricultural processing, and plays a
fundamental role in energy systems. It is essential for hydropower generation, serves
as a key resource in the cooling and maintenance of solar power plants, and is heavily
required in the cultivation and processing of biofuels. Energy, in turn, is essential for water
extraction, treatment, and distribution as well as for agricultural processes like planting,
harvesting, and storage. Food production depends on both water and energy to ensure
yield stability and supply chain functionality [10,11].

For example, Bazilian et al. [11] highlighted how policy shifts in one sector, such as
promoting bioenergy, can create cascading effects across water and food systems, illus-
trating the need for cross-sectoral coordination. Figure 1 illustrates how the relationships
within the WEF Nexus have been conceptualised since its inception and how they could
be reinterpreted when considering the economy as both a driving force and a connecting
element among these systems.
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Figure 1. (a) Common WEF Nexus diagram. (b) Water, Energy, and Food Nexus including

the economy.

FAQO'’s perspective enriches this understanding by situating the WEF Nexus within
the context of global food security. It underscores that water and energy are central to
ensuring sufficient agricultural outputs, particularly under the pressures of climate change,
which intensifies competition for these resources [12]. Zhang et al. [13] further elaborate on
the operational challenges of implementing the Nexus approach, noting that its success
relies on addressing spatial and temporal trade-offs, particularly in regions experiencing
resource scarcity.

The adoption of the WEF Nexus framework signals a paradigm shift from siloed re-
source management to integrated strategies that promote synergies and minimise trade-offs.
Hoff [10] articulates this as a transition toward optimising resource efficiency and resilience
while simultaneously supporting broader development goals, such as the Millenium Goals,
later translated to the Sustainable Development Goals (SDGs). For instance, managing
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trade-offs between water allocation for hydropower versus agricultural irrigation exempli-
fies the complexities of Nexus thinking and its potential to mediate competing demands.

Building on the historical and conceptual foundation of the WEF Nexus, researchers
have developed and applied numerous methodologies to quantitatively analyse the intri-
cate interactions among these interconnected systems. To synthesise the growing body
of work, many authors have assessed the diverse range of methodologies employed in
Nexus studies [13-16]. These reviews identify key approaches that frequently appear in
the literature, reflecting their relevance and utility in addressing the complexities of the
WEF Nexus. Among the most commonly applied methodologies are life cycle assessment
(LCA), integrated assessment models (IAMs), agent-based modelling (ABM), and system
dynamics modelling (SDM).

Life cycle assessment is a widely used approach to quantify environmental impacts
associated with resource systems throughout their entire life cycle. Albrecht et al. [15]
highlighted studies such as those by Pacetti et al. [17] and Irabien and Darton [18], which
used LCA to evaluate water and carbon footprints in integrated systems. Similarly, Zhang
et al. [13] cited Al-Ansari et al. [19] as an example of using LCA to evaluate water, energy,
and food supply chains. While LCA provides valuable insights into resource efficiency
and sustainability, its static nature often necessitates its integration with more dynamic
methodologies for a comprehensive analysis [14].

Integrated assessment models are a cornerstone in WEF Nexus research, combining
multiple resource systems such as water, energy, land, and climate to simulate their inter-
actions and feedback. Albrecht et al. [15] emphasised the Climate, Land (Food), Energy,
and Water (CLEW) systems framework [20], which integrates sectoral models to evaluate
trade-offs and inform policy decisions. Susnik [14] highlighted how Bijl et al. [21] used
the Integrated Model to Assess the Global Environment (IMAGE) model to assess the
long-term water demand in the electricity, industrial, and household sectors. IAMs excel in
providing system-wide, long-term perspectives, making them indispensable for strategic
decision-making in complex resource contexts [22,23]. Although IAMs provide valuable
insights and outcomes for understanding dynamics within the WEF Nexus, the magnitude
and complexity of these models can pose challenges when attempting to analyse the three
sectors—water, energy, and food—in a more focused and detailed manner.

Agent-based modelling complements these approaches by simulating the behaviours
of individual agents—such as households, industries, or policymakers—and their inter-
actions within the broader system. Albrecht et al. [15] highlighted the application of
ABM in a study by Smajgl et al. [24] to model adaptive responses to resource constraints.
Zhang et al. [13] discussed its relevance in modelling decentralised decision-making in
agricultural systems. Susnik [14] illustrated ABM’s capacity to analyse social and economic
behaviours alongside environmental processes. ABM captures heterogeneity and emergent
phenomena, offering unique insights into localised dynamics and their systemic impacts.

System dynamics modelling offers a dynamic framework for understanding feedback
loops and time-dependent behaviours within the WEF Nexus. This approach is particularly
suited to capturing the non-linear interactions and cascading effects among resource sys-
tems. Albrecht et al. [15] offered limited insights into the application of system dynamics
modelling. Zhang et al. [13] discussed its utility by referencing studies such as that by
Chhipi-Shrestha et al. [25], who applied SDM to identify critical factors constraining the
sustainability of the urban water system. Their findings revealed that hot water usage was
the primary contributor to energy consumption and carbon emissions during the opera-
tional phase of the system, showcasing SDM’s capacity to uncover key interdependencies
in resource systems.
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System dynamics, introduced by Jay W. Forrester in the mid-20th century, was ini-
tially developed to study feedback loops and time-dependent behaviours in industrial
systems [26]. System dynamics is based on the understanding that systems are inherently
interconnected and complex. It emphasises the existence of stocks, flows, and feedback
loops as key components of systems while recognising that information flows differ fun-
damentally from physical flows. Additionally, it highlights the significance of nonlinear
processes and delays as critical system elements, which ultimately drive system behaviour
through their structure [27].

Susnik [14] addressed several advantages of SDM, including its “bottom-up” approach,
which allows for the creation of models that integrate multiple disciplines and enable true
systems thinking. This makes SDM particularly effective for analysing the interconnections
within the WEF Nexus and assessing their responses to external drivers, such as population
growth or policy implementation. Additionally, SDM is highly flexible, accommodating
various spatial and temporal scales.

However, Susnik [14] also pointed out some limitations of SDM. It is less effective for
addressing spatially distributed phenomena, fine-grained analyses of individual systems,
and complex interactions between people and the environment. These limitations suggest
that while SDM is a powerful tool for WEF Nexus analysis, it is best complemented by
other modelling approaches to address its shortcomings.

SDM is uniquely suited to the WEF Nexus due to its ability to model complex, interde-
pendent systems with feedback loops and time delays—characteristics inherent to water,
energy, and food interactions. Its capacity to integrate multiple sectors and scales while
accounting for temporal dynamics offers significant advantages in addressing the intricate
trade-offs and synergies of the Nexus.

Although SDM has been cited as a valuable tool for analysing the WEF Nexus, there is
a notable lack of robust and detailed models in the literature. This scarcity limits the ability
to perform comprehensive and reliable analyses of the complex interconnections between
water, energy, and food systems, highlighting the need for either the further development
of SDM models or a more thorough analysis of their application to the WEF Nexus.

Given the complexity of the WEF Nexus interconnections and its novelty, it is essential
to assess how current modelling studies address these challenges. Therefore, this study
aims to systematically review the application of system dynamics in WEF Nexus modelling,
identifying existing models and their main trends.

Considering that economic factors are key drivers of both resource demand and supply,
this study also assesses how the economy is represented in these models—whether as an
exogenous force or through endogenous feedback loops—since its inclusion is essential
for capturing market dynamics, policy impacts, and investment decisions that shape
resource availability.

Furthermore, as the transition to a low-carbon economy increasingly places energy—
economy interactions at the centre of sustainability discussions, this study also examines
whether and how these models integrate such interactions, considering their critical role in
guiding policies toward decarbonisation and long-term energy security.

2. Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
framework [28] is a well-established and widely recognised methodology designed to
ensure transparency, rigour, and reproducibility in systematic reviews. Its use is crucial in
structuring the process of identifying, selecting, and synthesising studies in a systematic,
unbiased manner. By adhering to the PRISMA guidelines, this review ensures that every
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stage, from the initial search for relevant studies to the final analysis, is conducted in a
standardised and methodologically coherent way.

The framework fosters the reproducibility of the review process by providing clear
guidelines for study selection, data extraction, and synthesis. This allows other researchers
to follow the same steps and assess the consistency and reliability of the findings. Addi-
tionally, the systematic nature of PRISMA minimises the risk of selection bias and ensures
that no relevant studies are overlooked, promoting comprehensive and objective analysis.

Although no pre-registered protocol was used for this study, a detailed methodological
framework was developed and strictly followed throughout the review process. This
framework outlined each step, from defining the research questions to study selection and
data analysis, ensuring transparency and methodological rigour.

For this review, the PRISMA framework guided the development of a comprehensive
search strategy aimed at identifying relevant studies on the application of system dynamics
models to the WEF Nexus. It ensured that studies focusing on the integration of economic
representation—whether exogenous or endogenous—were captured and analysed. The
structured approach facilitated the identification of trends, patterns, and gaps in the lit-
erature, ensuring that this review provides an accurate and detailed overview of current
research in this field.

To identify relevant studies for this systematic review, a comprehensive search was con-
ducted across three major academic databases: Scopus, Web of Science, and ScienceDirect
(see Table 1). The search focused on articles related to the application of system dynamics
models within the WEF Nexus, with an initial intention to filter studies that included any
form of economic representation (either endogenous or exogenous). However, due to the
low number of results when attempting to filter specifically for economic aspects, it was
decided to first capture studies on system dynamics models applied to the WEF Nexus
more broadly.

Table 1. Search prompts used across databases.

Database Search Prompt !

(“wef nexus” OR “efw nexus” OR “few nexus” OR “wefe
Scopus nexus” OR “wefc nexus”) AND (“System dynamics” OR
“Dynamic modelling” OR “System dynamics modelling”)

(“wef nexus” OR “efw nexus” OR “few nexus” OR “wefe
ScienceDirect nexus” OR “wefc nexus”) AND (“system dynamics” OR
“dynamic modelling” OR “system dynamics modelling”)

(“wef nexus” OR “efw nexus” OR “few nexus” OR “wefe
Web of Science nexus” OR “wefc nexus”) AND (“System dynamics” OR
“Dynamic modelling” OR “System dynamics modelling”)

! Different prompts were used across databases due to variations in their search tools.

After identifying the relevant models, the analysis proceeded in three steps: first,
examining the broader trends in their application; second, assessing how the economy is
represented within these models; and, finally, if applicable, investigating how economic
dynamics interact with the energy sector.

To ensure a broader search scope, acronyms such as Energy—Water-Food (EWF) and
Water-Energy-Food-Ecosystems (WEFE) [29] were included as studies addressing the
Nexus concept may employ different terminologies depending on the specific focus of the
analysis. However, this review specifically focuses on the Water-Energy—Food sectors as
they represent the core of the Nexus perspective adopted here.
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While other conceptualisations exist, such as Water-Energy—Nutrients [30,31] or Water—
Energy—Carbon [25], they emphasise different sectoral interconnections and thus fall out-
side the scope of this study.

These approaches align with the broader understanding of the Nexus as a flexible
framework, where different disciplines and stakeholders may define its boundaries accord-
ing to specific sustainability challenges [32]. Consequently, while this study captures key
variations of the WEF Nexus, it acknowledges that other sectoral configurations may be
present in the literature.

The search was filtered to include only peer-reviewed articles and book chapters
published between 2014 and 2024 in English.

As a result of this search strategy, a total of 280 articles were identified:

e 210 articles from ScienceDirect;
e 35 articles from Scopus;
e 35 articles from WebOfScience.

After removing 43 duplicates, 237 articles remained and were selected for the next
phase, which involved the application of the inclusion and exclusion criteria. These
237 articles were then exported to a reference management tool, Zotero, where they were
organised for further review.

Following the initial search and removal of duplicates, the remaining 237 articles were
subjected to a screening process, where the titles and abstracts were reviewed to determine
their eligibility for inclusion in the review, and only full, open-access articles were selected.
This process was guided by a set of inclusion criteria to ensure that only studies most
relevant to the research questions were included.

The following criteria were applied to determine which studies would be included in
this review:

1.  System Dynamics Methodology: The study needed to employ system dynamics as
one of the modelling methodologies to analyse interactions within the WEF Nexus.
Studies that utilise multiple methodologies were also considered if system dynamics
was one of the approaches applied in the analysis.

2. WEF Nexus Focus: The study needed to focus on the WEF Nexus, addressing the
connections between at least two of its components.

3. Peer-Reviewed Articles: Only peer-reviewed journal articles or book chapters were
considered to ensure the quality and reliability of the studies.

4. Open Access Requirement: Articles that were not available as open access were
excluded from this review. This decision was made to ensure that the studies could
be fully replicated by any researcher, guaranteeing transparency and reproducibility.
However, we acknowledge that this criterion may have limited the scope of the
analysis by excluding relevant studies that were not freely accessible.

5. Language and Publication Date: The study needed to be written in English
and published between 2014 and 2024 to ensure the relevance and timeliness of
the information.

These criteria defined the inclusion parameters for this review. Consequently, the
exclusion criteria were their logical counterparts, meaning that any study that did not fulfil
the inclusion requirements was excluded from the analysis.

The abstracts of the 237 articles were carefully examined to assess their relevance to
the inclusion criteria. The focus was to ensure that the studies did the following;:

e  Addressed the interdependencies between these components, either individually or

in combination;
e  Applied system dynamics to model the interactions within the WEF Nexus.
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The analysis of economic representation in the models was not performed at this stage
but was addressed in the detailed analysis of the selected studies. During the full-text
review phase, the studies were examined to determine whether they included any form of
economic representation, either endogenous or exogenous, as part of the system dynamics
framework and how it was modelled.

Studies that met the inclusion criteria were retained for full-text review, while those
that did not were excluded. This initial abstract screening ensured that only studies with a
relevant focus on the WEF Nexus and system dynamics as one of the methodologies were
included in the subsequent stages of the review process. The full review process can be

seen in Figure 2.

[ Identification of studies via databases and registers
S
.5 Records removed before
ﬁ Records identified from: screening:
= Databases (n = 3) —> Duplicate records removed
t Registers (n = 280) (n=43)
-
—
\ 4 Records excluded
(n=161)
Records screened »| Reason: Did not address the
(n=237) modelling of the WEF Nexus
using SDM or weren't full open
access
A
Reports sought for retrieval .| Reports not retrieved
o (n=76) » (n=0)
TC: Reason: All reports were
! accessible
& A4
Reports assessed for eligibility Reports excluded:
(n=76) Reason 1: Conceptual
models (n = 24)
Reason 2: Not apply itin a
practical modelling context
(n=16)
—
A4
~—
3 Studies included in review
4 (n=36)
S Reports of included studies
= (n=36)
—

Figure 2. PRISMA flow diagram for the identification, screening, and inclusion of studies in this

systematic review. Source: Page, M.]. et al. [28].

After the initial screening of the articles based on titles and abstracts, 76 studies were
selected for full-text review. These studies met the inclusion criteria regarding the use
of system dynamics modelling applied to the WEF Nexus. During the full-text review
phase, the studies were further assessed to determine if they met the final inclusion criteria,
including the requirement for an actual model, rather than a purely conceptual approach.

As a result of this full-text review, 36 studies were retained for inclusion in the final
analysis. The exclusion of studies at this stage occurred for the following reasons:
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e 24 studies were excluded because they were conceptual models that did not provide
actual system dynamics models or simulations. These studies did not include detailed
modelling or practical applications but instead focused on theoretical frameworks or
conceptual discussions.

e 16 articles discussed the WEF Nexus and referred to system dynamics as a potential
approach but did not apply it in a practical modelling context. Their focus was
primarily theoretical or exploratory, without engaging in actual system dynamics
modelling of the Nexus.

After the selection of the 36 studies for the final analysis, data extraction was conducted
for each study. The goal of this step was to systematise the most relevant information from
the studies to allow for comparative analysis and the identification of patterns and gaps
in the literature. The data extraction was carried out in a structured manner using a data
extraction table, which organised the information into key categories, as shown in Table 2,
the full table is available in the Supplementary Materials.

Table 2. Categories of data extracted for this review.

Category Description
Identification of the study’s authors, including the
Author(s) country of the first author.
Year of Publication Year the study was published, to check for temporal
trends.
Title of the Study Full title of the study for easy reference.

Description of the main purpose of the system
Objective of the Model dynamics model (e.g., policy evaluation, trade-off
analysis, scenario simulation).

Components of the WEF Nexus represented in the

Priority Component(s) model (water, energy, food, or others).

Details on how the economy was represented

Economic Representation in the model:

- Endogenous: When economic variables are
modelled internally, such as GDP, consumption,
investment, etc.

- Exogenous: When economic variables are
treated as fixed inputs or external to the model.

Tools or software used to build the model (e.g.,

Software Used Vensim, Stella, AnyLogic, etc.).

The spatial level at which the model was applied

Spatial Scale (local, regional, national, global).

The temporal horizon and time resolution used in

Temporal Scale the model (e.g., annual, monthly).

Summary of the key results reported in the study
Main Findings (e.g., policy impacts, consumption trends, climate
change effects, etc.).

The Zotero tool (7.0.8) was used to organise the studies and manage references, while
the data extraction was performed in an Excel spreadsheet, ensuring consistency and ease
of comparison across studies.

The data extraction was conducted in a structured manner, organising all the collected
information in an Excel table. This table was useful for the next stages of analysis, allowing
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patterns and trends in the system dynamics models applied to the WEF Nexus to be
easily identified.

3. Results

This section presents the main findings of this systematic review. The data analysed,
as introduced in the methodology section, were compiled following Table 2 as a guideline
to ensure consistency and alignment with this study’s framework, offering an overview of
the aspects to be evaluated. The results are divided into three parts.

The first subsection addresses the first general objective, evaluating the overall trends
in system dynamics models applied to the WEF Nexus. This includes an analysis of
publication years, countries of origin, and other general trends, followed by a closer
examination of the models as case studies, including their temporal and spatial scales.

The second subsection focuses on the second objective, assessing how the economy is
represented in the reviewed models, whether as an exogenous force or through endogenous
feedback mechanisms.

Finally, the third subsection addresses, where applicable, how the economy interacts
with the energy sector within these models and explores the methodological approaches
used to capture this relationship.

3.1. General Trends in WEF Nexus System Dynamics Models

The WEF Nexus framework is a relatively new concept, gaining prominence in the
past decade as a response to growing concerns over resource insecurities and the need for
integrated approaches to sustainability [33]. Given its novelty, the application of system
dynamics modelling to analyse the Nexus is even more recent, which is both understandable
and expected. Figure 3 illustrates the temporal distribution of publications in this field,
showing a clear upward trend.

Number of Articles Published per Year (2014—2024)

Number of Articles
(9]

2020 2021 2022 2023 2024
Year

Figure 3. Number of articles published by year.

The first studies applying system dynamics to the Nexus appeared in 2020, and an
increase was observed from 2021 onward. The peak years, 2021 and 2024, recorded nine
publications each, indicating an expanding recognition of system dynamics as a critical
tool to address the complexities of the WEF Nexus. This growth reflects the increasing
academic and policy interest in leveraging dynamic models to better understand and
manage interrelated resource systems.

The geographic distribution of publications, as depicted in Figure 4, highlighted a
clear regional focus. China dominated with ten publications, followed by Iran with six,
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showcasing their prominent engagement in applying system dynamics within the WEF
Nexus framework in Asia. The Netherlands also emerged as a significant contributor
with four studies, reflecting its long-standing expertise in integrated resource management
in Europe. Countries such as Brazil, Greece, Malaysia, Taiwan, and the United States
contributed two publications each, while Algeria, Australia, Canada, Japan, South Africa,
and Sweden each accounted for one study.

Number of Publications by Country (2014—2024)

Publications

T
- ‘* 1

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, Overture Maps Fundation, TomTom, Zenrin

Figure 4. Number of publications by country (2014-2024). This map was created using Microsoft
Excel. The source of the map base includes the Australian Bureau of Statistics, GeoNames, Microsoft,
NavInfo, Open Places, OpenStreetMap, Overture Maps Foundation, TomTom, and Zenrin. The gradi-
ent represents the number of publications, with darker shades indicating higher publication counts.

This distribution reveals a strong concentration in specific regions, particularly in
Asia and Europe, while regions like Africa (excluding South Africa) and Latin America
(excluding Brazil) remain underrepresented. The uneven geographic coverage underscores
the need to expand research efforts to underexplored regions, ensuring broader applicability
of findings and addressing diverse Nexus challenges globally.

The analysis of software utilised in system dynamics modelling for the WEF Nexus
highlighted a clear preference for established tools, reflecting their robustness and suitability
for complex simulations.

The software Vensim (https://vensim.com/software/ accessed on 20 December 2024)
emerged as the most widely used software, adopted in 18 studies, which underscores its
flexibility and capacity to model dynamic systems with high precision. Its preference was
further justified by Chen and Chen [34], who emphasised Vensim's capability to graphically
illustrate system dynamics models, analyse data sets effectively, and ensure high authen-
ticity. The authors specifically selected Vensim due to these advantages, distinguishing it
from other system dynamics platforms in terms of functionality and user experience.

Stella (https://www.iseesystems.com/store/products/stella-professional.aspx ac-
cessed on 20 December 2024) followed as the second most popular tool, with 13 studies
utilising it, reflecting its strength in visual modelling, particularly for educational and
conceptual purposes. While AnyLogic (https://www.anylogic.com/use-of-simulation/
system-dynamics/ accessed on 20 December 2024), a specialised platform offering multi-
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method modelling, appeared in three studies, its relatively limited adoption suggests
untapped potential for more advanced and integrated analyses in the WEF Nexus field.

Regarding cost and accessibility, Vensim provides a free basic version for students,
making it widely accessible for academic purposes. Similarly, AnyLogic offers a free version
for educational use. Stella, however, is exclusively paid-for software, which may limit
its accessibility for researchers and students with financial constraints. Additionally, two
studies did not specify the software utilised, which could indicate reliance on custom-built
or less mainstream tools.

The case studies and their geographical distribution, as shown in Figure 5, revealed
interesting patterns and correlations with the countries of publication. China dominated
not only in the number of publications (ten) but also as the most frequently analysed
case study location, accounting for nine instances. This alignment underscores China’s
proactive role in both producing research and applying system dynamics to address its
own Nexus challenges. Similarly, Iran stood out with eight case studies, closely match-
ing its six publications, indicating a strong focus on domestic applications of the WEF
Nexus framework.

Geographic Distribution of Case Study Locations

Publications
I 9

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, Overture Maps Fundation, TomTom, Zenrin

Figure 5. Geographic distribution of case study locations. This map was created using Microsoft
Excel. The map base sources include the Australian Bureau of Statistics, GeoNames, Microsoft,
NavInfo, Open Places, OpenStreetMap, Overture Maps Foundation, TomTom, and Zenrin. The
gradient represents the number of case studies, with darker shades indicating a higher concentration
of publications focused on specific locations.

Other countries like Brazil and the United States contributed two publications each
but showed different patterns in case study focus. Brazil included three domestic case
studies, slightly exceeding its publication count, reflecting a concerted effort to address local
challenges through international collaborations. The United States, in contrast, balances its
two publications with two domestic case studies, indicating a more proportional focus.

The Netherlands, despite contributing four publications, demonstrated a distinct
pattern by focusing on international case studies rather than domestic applications. Dutch
institutions analysed cases in Latvia, Indonesia, and the Democratic Republic of Congo,
reflecting their emphasis on global collaborations and the development of transferable
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methodologies. This highlights the Netherlands’ role as a key player in advancing WEF
Nexus research beyond its borders.

In regions with fewer publications, research tended to be more localised. For in-
stance, South Africa, Indonesia, and Japan had case studies aligned directly with their
respective contexts. The Democratic Republic of Congo was represented in a case study
led by Dutch institutions, illustrating the collaborative nature of research efforts in
underrepresented regions.

Conversely, countries like Greece and Malaysia showed an equal balance between their
number of publications and case studies (two each), while others like Latvia and Algeria
featured single case studies, reflecting limited but targeted research. Notably, Algeria was
represented through a focused study on water resources, highlighting the critical resource
challenges faced in arid regions.

These findings suggest a dual trend: major contributors like China and Iran demon-
strate strong alignment between research outputs and domestic challenges, while countries
like the Netherlands prioritise global collaborations. This pattern underscores the need for
broader geographic diversification to ensure that WEF Nexus research addresses global
resource challenges comprehensively.

The analysis of geographic scales highlighted a predominant focus on local-level
studies, particularly at the city scale, which accounted for 13 of the reviewed publications,
as seen in Figure 6. This emphasis on urban environments reflects the increasing impor-
tance of addressing WEF Nexus challenges in densely populated areas where resource
interdependencies are most pronounced. At the national scale, seven studies investigated
broader policy implications and systemic interactions, underscoring the relevance of Nexus
approaches for large-scale resource governance.

Case Study Scales and Local Subdivisions

= Local - City
= National
m [ocal - Province

= [Local - River basin

= Household

= Local - Mega-large urban
agglomeration

Figure 6. Case study scales and local subdivision.

At the sub-national level, six studies focused on provincial regions, while five targeted
river basins, illustrating the critical need for resource management strategies tailored
to specific hydrological or administrative boundaries. These studies often emphasised
localised trade-offs and synergies within smaller-scale systems.

The “Others” category, comprising five studies, presented unique perspectives. Three
of these focused on resource management within buildings, exploring the internal dy-
namics of WEF Nexus interactions in controlled environments such as urban housing or
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institutional settings. Another study examined a megacity, reflecting the complexity of
Nexus interdependencies at a metropolitan scale, where population density, infrastructure,
and economic activities demand integrated resource management strategies.

Notably, there were no studies addressing the WEF Nexus at a global or re-
gional/continental scale. This absence could be attributed to several factors, including
the inherent complexity of modelling such expansive systems, the dominance of larger
IAMs in addressing global-scale challenges, and the significant difficulties associated with
obtaining and harmonising data across multiple countries and regions. These barriers high-
light the potential for future research to expand into this underexplored area, leveraging
advancements in data availability, computational tools, and interdisciplinary collaboration.

The temporal scale used in the models reviewed demonstrated significant variability,
reflecting the diversity in research objectives and the complexity of the systems modelled.
Most studies spanned a time frame of several decades, with the majority focusing on the
21st century. For instance, numerous studies analysed periods between 2000 and 2050,
aligning with global sustainability agendas such as the mid-century climate action targets
like the Paris Agreement, as illustrated in Figure 7.

Temporal Scales of Studies

Mostefaoui et al. (2024) *
Ling et al. (2024) *
Li et al. (2024) *
Zahedi et al. (2024) »
Mirindi et al. (2024) *
Liu et al. (2024)
Francisco et al. (2024)
Zhou et al. (2024) *
Egieya et al. (2024) *
Rahmani et al. (2023) *
Javan et al. (2023) -
Francisco et al. (2023)
Barati et al. (2023) *
Wang et al. (2023) *
Du et al. (2022) *
Li et al. (2022) *
Moghaddasi et al. (2022) *
Valencia et al. (2022) b
Zeng et al. (2022) *
Wen et al. (2022) *
Soares Dal Poz et al. (2022)
Valencia et al. (2022) a *
loannou, A E., & Laspidou, C.S. (2022) *
Nair et al. (2021) *
Purwanto et al. (2021) *
Maderi et al. (2021) *
Sun et al. (2021) *
Wu et al. (2021) *
Sudnik et al. (2021) *
Huang, A., & Chang, F.-J. (2021) -
Ouyang et al. (2021) *
Laspidou et al. (2020) *
Ravar et al. (2020) *
Bakhshianlamouki et al. (2020) *
Tan et al. (2020) *
Chen, Y., & Chen, W. (2020) *
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Figure 7. Temporal distribution of studies based on start year and simulation time period. The studies
shown in the figure correspond to the references [34-69].

However, some studies adopted considerably shorter temporal scales, particularly
those that investigated specific scenarios or localised systems. For example, three studies
employed monthly or daily temporal steps to capture finer dynamics within their models,
such as seasonal variations in water, energy, or food demands. Similarly, studies with
annual steps aimed to provide actionable insights for medium-term planning horizons,
typically spanning 20 to 30 years.
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On the other hand, long-term projections were less common but noteworthy, with one
study extending its temporal scale to 2110, indicating an effort to explore distant future
outcomes and their implications under extreme scenarios.

Interestingly, five studies did not explicitly specify their temporal scale. These studies
shared a common feature: they focused on smaller scales, with four modelling at the
city level and one at the household level. In such cases, it was found more practical
or appropriate to use temporal scales measured in months or days, without specifying
particular years or conducting long-term simulations.

The lack of studies explicitly extending across multiple centuries or focusing on pre-
2000 periods reflects the novelty of the WEF Nexus as a research framework and the
focus on contemporary and future challenges. This underscores the opportunity for future
research to explore more extensive temporal horizons to capture historical trends and their
implications for future Nexus interactions.

The identification of predominant components within the WEF Nexus framework
required a detailed examination of the studies’ methodologies and outcomes. While most
studies included causal loop diagrams that represented all three components—water,
energy, and food—the assignment of priority to specific components was based on a
thorough analysis of policies, scenarios, and results discussed in each publication.

This approach ensured that the classification reflected not just the structural repre-
sentation of the Nexus but also the emphasis given by the studies to particular resource
interdependencies. For instance, studies that heavily focused on water management policies
or explored scenarios addressing water scarcity challenges were categorised as prioritising
the water component.

Among the 36 studies analysed, Figure 8 shows that 17 publications focused on a
balanced approach, addressing water, energy, and food components holistically. This repre-
sented the majority, highlighting a growing trend toward integrated WEF Nexus studies.

Prioritization of Nexus Components

«

= Balanced Focus = Water = Food Energy = Water-Energy = Water-Food

Figure 8. Prioritisation of Nexus components.

Water-focused analyses formed the second-largest category, accounting for 11 studies,
emphasising the challenges of water security and resource management. Food-centric
studies, although fewer, accounted for five publications, focusing primarily on sustainable
agricultural practices and their interlinkages with other Nexus components.
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Conversely, energy-focused research was significantly underrepresented, with only
one study focusing energy-related issues. Similarly, combinations such as Water-Energy
and Water-Food were rare, with just one study each. This distribution indicates a clear
preference for addressing multiple components simultaneously, with individual elements
receiving less isolated attention.

The balanced focus category represented efforts to integrate water, energy, and food
systems, highlighting their interconnectedness and trade-offs. Studies such as that by
Wang et al. [48] exemplified this approach, demonstrating in Hunan Province, China,
how promoting renewable energy mitigates energy shortages while addressing water and
food demands.

Valencia et al. [56] presented another example, showcasing green building retrofitting
strategies in Orlando, Florida, which integrated renewable energy, rooftop farming, and
water reuse to enhance urban resilience. Similarly, Zhou et al. [42] combined SDM with
Al-based surrogates to optimise water, energy, and food production, achieving significant
improvements in resource efficiency under optimal scenarios. These findings emphasised
the importance of integrated policies for maximising resource synergies while minimising
unintended trade-offs.

Water-focused studies underscored the critical importance of water security and its
implications for other Nexus components. For instance, Rahmani et al. [44] analysed water
stress in Iran and identified aquifer recharge and solar-powered water pumping as key
strategies for mitigating groundwater depletion.

Ioannou and Laspidou [57] developed a resilience framework for Greece’s water
systems, demonstrating how renewable energy adoption can enhance system recovery
from droughts. Similarly, Bakhshianlamouki et al. [68] examined Lake Urmia in Iran,
highlighting the trade-offs between improving irrigation efficiency and the increased
energy demand for groundwater abstraction. These studies reflect the urgent need for
integrated water management strategies to address challenges posed by resource scarcity
and climate change.

Food-focused studies explored innovative solutions for enhancing agricultural sustain-
ability within the WEF Nexus framework. Huang and Chang [64], for example, investigated
urban rooftop farming in Taipei, demonstrating its potential to enhance food security while
minimising water and energy consumption. In Sao Paulo, Brazil, Soares Dal Poz et al. [55]
compared agroecological and conventional food production systems, showing superior
sustainability outcomes for the former, particularly in terms of water and carbon footprints.
These findings highlight the role of alternative agricultural practices and supportive policies,
such as Community-Supported Agriculture (CSA), in fostering sustainable food systems.

Energy-focused research was notably underrepresented, with only one study, con-
ducted by Nair et al. [58]. This study analysed Malaysia’s transition to renewable energy,
demonstrating how increasing the share of renewables in the energy mix reduces green-
house gas emissions, enhances energy security, and reduces dependency on imported fossil
fuels. These findings highlight the potential for integrating renewable energy strategies
into broader WEF Nexus frameworks.

The interactions between water and energy, as well as water and food, were explored
in a limited number of studies. Sun et al. [61] analysed hydropower development in
China, highlighting the role of technological progress in reducing carbon emissions while
improving resource efficiency. Zahedi et al. [38] investigated water and food interactions,
emphasising the importance of irrigation efficiency and crop pattern adjustments to balance
resource demands and improve sustainability in Iran.

These studies collectively illustrate the diverse ways in which system dynamics
modelling has been applied to understand and optimise resource interactions within
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the WEF Nexus. While some emphasised sector-specific challenges, others adopted a
more integrated approach to highlight synergies and trade-offs across water, energy, and
food systems.

However, despite the growing attention to cross-sectoral dynamics, the role of the
economy as a driver of resource demand and supply remained less explored. The following
section examines how economic factors were represented in these models and, finally, how
those that incorporated an economic component established its relationship with energy.

3.2. Representation of the Economy in WEF Nexus System Dynamics Models

The integration of economic variables in WEF Nexus models was uneven across the
36 studies analysed. A total of 20 studies explicitly incorporated economic factors, while
16 omitted them entirely, relying on population or other demographic variables as proxies
for resource demand, as seen in Table 3. Among the studies that included the economy,
17 studies adopted an exogenous approach, where economic variables, such as GDP, were
treated as external inputs.

Table 3. Overview of economic representation and energy connections.

Economy Represented How was the Economy

Ref. Authors in Model (Yes/No) Modelled Economy-Energy Connection
[34] Chen, Yi;&%)c hen, W. Yes Endogenous No clear connection
[69] Tan et al. (2020) No N/A N/A
Bakhshianlamouki et al.
[68] (2020) No N/A N/A
[67] Ravar et al. (2020) No N/A N/A
[66] Laspidou et al. (2020) No N/A N/A
The production in various
economic sectors—primary
(agriculture), secondary
(industry and construction),
[65] Ouyang et al. (2021) Yes Exogenous and tertiary
(services)—directly influenced
energy consumption in these
sectors
Huang, A., and Chang,
[64] FJ. (2021) No N/A N/A
[63] Susnik et al. (2021) No N/A N/A
[62] Wu et al. (2021) Yes Exogenous Economic output determined
energy demand
GDP influenced electricity
[61] Sun et al. (2021) Yes Exogenous consump Flon in each economic
sector (primary, secondary, and
tertiary industries)
[60] Naderi et al. (2021) Yes Exogenous No clear connection
[59] Purwanto et al. (2021) Yes Exogenous No clear connection
[58] Nair et al. (2021) Yes Exogenous EconormF output determ.med
energy intensity and prices
Ioannou, A.E., and
[57] Laspidou, C.S. (2022) No N/A N/A
[56] Valencia et al. (2022) No N/A N/A
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Table 3. Cont.

Economy Represented How was the Economy

Ref. Authors Economy-Energy Connection

in Model (Yes/No) Modelled
Soares Dal Poz et al.

[55] (2022) No N/A N/A

[54] Wen et al. (2022) Yes Endogenous Economic output dete.r mined
energy consumption

[53] Zeng et al. (2022) Yes Exogenous No clear connection

[52] Valencia et al. (2022) No N/A N/A

Moghaddasi et al. Economy and energy were
(511 (2022) Yes Endogenous related to energy prices
[50] Li et al. (2022) Yes Exogenous Economic output determined

energy demand
[49] Du et al. (2022) No N/A N/A

The economy and energy
subsystems were
interconnected
unidirectionally, where the
production levels in the

[48] Wang et al. (2023) Yes Exogenous primary, industry, construction,
and tertiary sectors directly
determined the energy
consumption within these
sectors
[47] Barati et al. (2023) No N/A N/A
[46] Francisco et al. (2023) No N/A N/A
[45] Javan et al. (2023) Yes Exogenous No clear connection
[44] Rahmani et al. (2023) Yes Exogenous Economic output dete}r mined
energy consumption
. Economic output determined
[43] Egieya et al. (2024) Yes Exogenous enerey demand
[42] Zhou et al. (2024) Yes Exogenous No clear connection
[41] Francisco et al. (2024) No N/A N/A
[40] Liu et al. (2024) No N/A N/A
[39] Mirindi et al. (2024) Yes Exogenous No clear connection
The economy and energy were
linked through the value
. added (VA) in the energy
[38] Zahedi et al. (2024) Yes Exogenous sector and GDP, which was
used to calculate energy
demand
[37] Li et al. (2024) Yes Exogenous Economic output dete.r mined
energy consumption
[35] Mostefaoui et al. (2024) No N/A N/A
[36] Ling et al. (2024) Yes Exogenous Economic output determined

energy demand

In some cases, GDP was influenced by growth rates, as seen in [38], while, in others,
the economy was disaggregated by sectors, as demonstrated by Ouyang et al. [65]. In these
studies, there was no observable feedback between the WEF Nexus and the economy, as
the economic variables were not dynamically influenced by the other system components.
This distinction emphasises the predominant reliance on external economic drivers and
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highlights the challenges of modelling the complex interdependencies between economic
activity and resource dynamics within the WEF framework.

As shown in Table 3, models that incorporated the economy as an exogenous factor
primarily used it as a determinant for calculating resource demands. GDP or related metrics
were often employed as static inputs to estimate the consumption of water, energy, and
food, reflecting a unidirectional influence of economic factors on the WEF Nexus without
feedback mechanisms.

For instance, Wu et al. [62] used exogenous GDP to estimate energy demand, while
Zhou et al. [42] utilised economic growth rates to project resource demands across sce-
narios. Similarly, studies like that by Egieya et al. [43] relied on fixed GDP inputs to
simulate demands for water, energy, and food. Although these models provided valuable
insights into resource allocation and demand trends, their reliance on externally deter-
mined economic variables limited their ability to capture feedback mechanisms, such as
how resource scarcity might constrain economic growth or how sectoral trade-offs might
alter economic trajectories.

On the other hand, endogenous models, though less prevalent, offered a more inte-
grative perspective by embedding economic dynamics within the system. For example,
Wen et al. [44] presented a dynamic approach where GDP was calculated as the cumulative
output of primary, secondary, and tertiary sectors and connected them with water and
energy availabilities.

This endogenous formulation allowed the model to explore how constraints in water
and energy availability can restrict sectoral growth and, consequently, overall economic
performance. Similarly, Naderi et al. [60] integrated GDP as a function of value-added
contributions from agricultural and energy sectors, demonstrating how resource inputs
influence economic growth rates over time. These models underscored the importance
of considering feedback loops between resource availability, sectoral performance, and
economic growth, providing a richer understanding of the trade-offs inherent in WEF
Nexus management.

Despite the advantages of endogenous approaches, they remained underutilised due
to their increased complexity and data requirements. Many studies simplified economic
representation to focus on resource dynamics, prioritising tractability over comprehensive-
ness. However, this simplification often came at the cost of overlooking critical interactions,
such as how water shortages might influence agricultural output and, in turn, GDP growth.
Conversely, studies like that by Wen et al. [54] highlighted the potential of endogenous
models to reveal such feedback, showing, for example, how policies promoting agricultural
productivity can simultaneously strain water resources and environmental sustainability.

In addition to methodological variations, significant gaps persisted in how economic
dynamics were conceptualised and represented. While several studies adopted sectoral
disaggregation, many failed to fully explore the interdependencies across agricultural,
industrial, and service sectors, treating GDP as a monolithic entity. Moreover, few models
accounted for spatial and temporal variations in economic impacts, further limiting their
applicability to real-world policy scenarios. Addressing these gaps will require a concerted
effort to harmonise data inputs and enhance model scalability, leveraging advances in
system dynamics and computational modelling.

3.3. Economy—Energy Interlinks in the WEF Nexus System Dynamics Models

Regarding the relationship between the economy and energy, out of the 20 studies
with economic representation, 13 presented a connection between economic activities and
the energy sector, while 7 studies did not present a clear link. Among these 13 studies with



Energies 2025, 18, 966

20 of 25

identified connections, the majority (9) found that economic output determined energy
consumption or demand.

These studies emphasised how changes in the economic performance of various
sectors influenced energy use. Additionally, two studies highlighted the role of economic
output in determining energy intensity and prices, which further reinforced the relationship
between economic performance and energy demand. These findings suggest that economic
growth plays a significant role in shaping energy consumption patterns, reflecting the
complex interplay between the two subsystems.

Notably, one study [54] not only addressed the impact of economic output on energy
consumption but also explored the reverse relationship, where energy limitations could
constrain GDP growth. Another study [41] linked the economy and energy through the
value added (VA) in the energy sector, using GDP as a key input to calculate energy
demand. This highlighted the bidirectional relationship between economic activities and
energy, indicating that energy availability not only responds to economic output but
also serves as a factor influencing economic growth. Overall, these studies underscored
the importance of considering both the demand-side and supply-side dynamics when
analysing the relationship between the economy and energy.

The representation of economic dynamics in WEF Nexus models is evolving, with a
growing recognition of the need to integrate feedback mechanisms and sectoral interactions.
While exogenous approaches dominate the current landscape, the increasing prevalence of
endogenous models signals a shift toward capturing the complex interplay between eco-
nomic growth and resource sustainability. The relationship between energy and economy
in modelling is evolving, largely driven by the current needs of the energy transition.

Some models, for example, represented this relationship in a complex manner but
with similar objectives, such as those by Nieto [70] and D’Alessandro [71]. In these models,
not only did the economy influence energy demand dynamics but there was also feedback
from energy to the economy, highlighting how the dependence on energy for economic
growth is evident in the concept of scarcity. Incorporating the concept of economic scarcity
from ecological economics could enrich these models further.

Economic scarcity emphasises the biophysical limits of resource availability and the un-
equal access to these resources, integrating both ecological constraints and socio-economic
inequities [72]. Applying this perspective within the WEF Nexus could improve the
understanding of systemic trade-offs and enable more equitable and sustainable policy
design. Not only energy but also connections could be explored through water and
food/land resources. By considering the interdependencies between these subsystems,
policies could be better designed to address the complex challenges of resource manage-
ment, ensuring that the balance between water, energy, and food production is optimised
for long-term sustainability.

For example, resource constraints could be modelled not just as inputs but as thresh-
olds that influence economic outputs and social well-being, aligning the Nexus framework
with sustainability goals. Beyond scarcity, the connections within the WEF Nexus can
be extensive and multifaceted. For instance, investments in specific sectors can directly
influence GDP, with subsequent impacts on economic growth and resource demand. Addi-
tionally, calculations of jobs generated by the deployment of infrastructure within the WEF
components can influence household income, thereby affecting consumption patterns and
resource needs.

The way prices are modelled—such as energy, water, or food prices—can also act
as a feedback mechanism, adjusting based on supply and demand or economic policies.
Furthermore, increasing the complexity within economic models could aid in creating
distinct growth scenarios, including degrowth or post-growth scenarios, which could



Energies 2025, 18, 966

21 of 25

provide a better understanding of how these alternative economic pathways impact the
WEF Nexus.

Such approaches offer valuable insights into how different economic trajectories,
whether focused on growth, stagnation, or contraction, affect resource management, sus-
tainability, and social welfare, ultimately enabling more informed and adaptive policymak-
ing. Future research should aim to operationalise these concepts, ensuring that WEF Nexus
models evolve into tools capable of addressing the multifaceted challenges of resource
scarcity and economic development in an increasingly resource-constrained world.

4. Discussion

Although relatively recent, the WEF Nexus framework has become increasingly com-
mon in research and policy discussions. As the challenges of global sustainability become
more complex, the application of modelling approaches to address these issues has in-
creased. The literature review on WEF Nexus models shows a clear trend in the field.
Specifically, system dynamics has increasingly been employed as a key methodology to
model the interconnections between water, energy, and food systems. However, the litera-
ture review also shows a wide variety of methodological approaches that fall under the
WEF Nexus umbrella. Models often focus on one of the three sub-modules (water, energy
or food) and the representation of the other two sub-modules is rather simplified. This
raises the question of whether a more precise definition and framework could enhance its
clarity and practical application.

Out of the 280 articles assessed, 36 studies were chosen for inclusion in this review,
with a notable geographic concentration in Asia, which accounted for most publications.
The models in these studies were spatially divided, with a significant portion focused on
local scales, as illustrated in the spatial distribution graph. Regarding the thematic focus,
the predominant area of interest was the balanced focus of the Nexus, with water often
being the most studied component.

Despite this, there remains considerable potential for further research, particularly
in regions facing higher pressures, such as southern Europe, Latin America, and parts
of Africa. Moreover, there is a noticeable gap in national, regional, and even global case
studies, highlighting the need for more comprehensive approaches that address the complex
interactions within the WEF Nexus at broader scales.

Out of the 36 studies reviewed, more than half (20) included the economy as a key
component, highlighting a clear trend in the literature. This reinforces the idea that the
economy plays an important role within the WEF Nexus, driving the way resources are
managed and used.

In most of the works analysed, the economy was modelled exogenously, with economic
variables, such as GDP, treated as fixed inputs. This approach reflects the use of external
economic data or growth rates to drive the model’s behaviour, rather than integrating
economic variables endogenously within the system. This exogenous modelling approach
was prevalent, particularly in studies that focused on the impact of economic growth on
resource demand.

However, there were also a few studies that attempted to model the economy en-
dogenously, where economic variables were influenced by the dynamics of other system
components, such as energy and water. Despite this, many models lacked explicit feedback
loops between the economy and other subsystems, limiting the depth of understanding
regarding how changes in one subsystem—such as energy availability—might impact
economic performance.

Regarding the relationship between energy and the economy, it was primarily analysed
through energy demand and consumption. As economic output increased, particularly in
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the primary, secondary, and tertiary sectors, energy consumption changed, reflecting the
direct dependence of economic activities on energy resources.

As highlighted earlier, the concept of the WEF Nexus is relatively new, and the use
of acronyms has been evolving in innovative ways. A key limitation of this study is
the inability to comprehensively identify all acronyms currently in use, which may have
led to the exclusion of recent studies employing novel terminologies. Additionally, the
lack of access to the codes or complete datasets of the analysed models represents another
limitation. By relying solely on published articles, certain information embedded within the
models but not explicitly documented in the articles may have been overlooked, potentially
affecting the depth of the analysis.

Looking ahead, there are several important steps to improve the integration of the
economy within the WEF Nexus. First, future models should move toward a more en-
dogenous representation of the economy, where economic variables are influenced by
interactions with other subsystems, such as energy, water, and food.

This shift could provide a more dynamic and accurate representation of how changes
in resource availability impact economic performance and vice versa. Additionally, incor-
porating feedback loops between economic growth and energy consumption could help
model more realistic scenarios, particularly in regions facing energy constraints or those
undergoing transitions to low-carbon economies.

Beyond improving the theoretical representation of economic interactions within the
WEF Nexus, these findings have significant policy implications. The predominance of
exogenous economic modelling in existing studies suggests that current approaches may
overlook critical feedback mechanisms between economic policies and resource availability.
Moving toward a more endogenous integration of the economy in WEF models would
allow policymakers to better anticipate the effects of economic fluctuations on resource
consumption and vice versa.

This is particularly relevant for energy transition policies, where changes in energy
pricing, subsidies, or infrastructure investments can have cascading effects on food and
water systems. Additionally, incorporating alternative economic pathways, such as post-
growth and degrowth scenarios, could help decision-makers explore sustainable long-term
strategies for resource management beyond conventional economic expansion models.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/en18040966/s1: Table S1: Summary of Data Extracted
for the Systematic Review.

Author Contributions: Conceptualisation, P.S.-P., A.G.-G. and L.].M.G.; methodology, P.S.-P.; writing—
original draft preparation, P.S.-P.; writing—review and editing, P.S.-P,; visualisation, P.S5.-P.; su-
pervision, A.G.-G. and L.J.M.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the European Project HORIZON-CL5-2021-D3-03. OpeN
source nExus modelling tools for Planning Sustainable Energy Transition in Africa (OnePlanet), grant
agreement number 101084127.

Data Availability Statement: Data will be made available upon request.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  United Nations. World Population Prospects 2024: Summary of Results; United Nations: New York, NY, USA, 2024.
2. Dellink, R.; Chateau, J.; Lanzi, E.; Magné, B. Long-term economic growth projections in the Shared Socioeconomic Pathways.
Glob. Environ. Chang. 2017, 42, 200-214. [CrossRef]


https://www.mdpi.com/article/10.3390/en18040966/s1
https://doi.org/10.1016/j.gloenvcha.2015.06.004

Energies 2025, 18, 966 23 of 25

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Lee, H.; Calvin, K.; Dasgupta, D.; Krinner, G.; Mukherji, A.; Thorne, P.; Trisos, C.; Romero, J.; Aldunce, P; Barret, K. IPCC,
2023: Climate Change 2023: Synthesis Report, Summary for Policymakers. Contribution of Working Groups I, II and 1II to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and ]. Romero (eds.)]; IPCC: Geneva,
Switzerland, 2023.

Administration, U.E.L;; Administration, E.I. International Energy Outlook, 2023; Government Printing Office: Washington, DC,
USA, 2023.

Alexandratos, N.; Bruinsma, J. World Agriculture Towards 2030/2050: The 2012 Revision; FAO: Rome, Italy, 2012.

Van Dijk, M.; Morley, T.; Rau, M.L.; Saghai, Y. A meta-analysis of projected global food demand and population at risk of hunger
for the period 2010-2050. Nat. Food 2021, 2, 494-501. [CrossRef]

Programme, W.W.A. The United Nations World Water Development Report 2024; UNESCO Pub.: Paris, France, 2024.

Leng, G.; Hall, ]. Crop yield sensitivity of global major agricultural countries to droughts and the projected changes in the future.
Sci. Total Environ. 2019, 654, 811-821. [CrossRef] [PubMed]

Fatih, B. World Energy Outlook 2024; The International Energy Agency (IEA): Paris, France, 2024.

Hoff, H. Understanding the nexus. In Proceedings of the Bonn 2011 Conference: The Water, Energy and Food Security Nexus,
Stockholm Environment Institute (SEI), Stockholm, Sweden, 16-18 November 2011.

Bazilian, M.; Rogner, H.; Howells, M.; Hermann, S.; Arent, D.; Gielen, D.; Steduto, P.; Mueller, A.; Komor, P; Tol, R.S. Considering
the energy, water and food nexus: Towards an integrated modelling approach. Energy Policy 2011, 39, 7896-7906. [CrossRef]
FAO. The Water-Energy-Food Nexus: A New Approach in Support of Food Security and Sustainable Agriculture; FAO: Rome, Italy, 2014.
Zhang, C.; Chen, X,; Li, Y.; Ding, W.; Fu, G. Water-energy-food nexus: Concepts, questions and methodologies. J. Clean. Prod.
2018, 195, 625-639. [CrossRef]

Susnik, J.; Masia, S.; Jewitt, G.; Simpson, G. Tools and indices for WEF nexus analysis. In Water-Energy-Food Nexus Narratives and
Resource Securities; Elsevier: Amsterdam, The Netherlands, 2022; pp. 67-89.

Albrecht, T.R.; Crootof, A.; Scott, C.A. The Water-Energy-Food Nexus: A systematic review of methods for nexus assessment.
Environ. Res. Lett. 2018, 13, 043002. [CrossRef]

Kaddoura, S.; El Khatib, S. Review of water-energy-food Nexus tools to improve the Nexus modelling approach for integrated
policy making. Environ. Sci. Policy 2017, 77, 114-121. [CrossRef]

Pacetti, T.; Lombardi, L.; Federici, G. Water-energy Nexus: A case of biogas production from energy crops evaluated by Water
Footprint and Life Cycle Assessment (LCA) methods. J. Clean. Prod. 2015, 101, 278-291. [CrossRef]

Irabien, A.; Darton, R. Energy—water—food nexus in the Spanish greenhouse tomato production. Clean Technol. Environ. Policy
2016, 18, 1307-1316. [CrossRef]

Al-Ansari, T.; Korre, A.; Nie, Z.; Shah, N. Development of a life cycle assessment tool for the assessment of food production
systems within the energy, water and food nexus. Sustain. Prod. Consum. 2015, 2, 52-66. [CrossRef]

Howells, M.; Hermann, S.; Welsch, M.; Bazilian, M.; Segerstrom, R.; Alfstad, T.; Gielen, D.; Rogner, H.; Fischer, G.; Van Velthuizen,
H. Integrated analysis of climate change, land-use, energy and water strategies. Nat. Clim. Chang. 2013, 3, 621-626. [CrossRef]
Bijl, D.L.; Bogaart, PW.; Dekker, S.C.; Stehfest, E.; de Vries, B.].; van Vuuren, D.P. A physically-based model of long-term food
demand. Glob. Environ. Chang. 2017, 45, 47-62. [CrossRef]

Weyant, J. Some contributions of integrated assessment models of global climate change. Rev. Environ. Econ. Policy 2017, 11,
115-137. [CrossRef]

de Blas, I.; Miguel Gonzalez, L.; De Castro Carranza, C. Integrated assessment models (IAMs) applied to climate change and
energy transition. Dyna 2021, 96, 316-321. [CrossRef] [PubMed]

Smajgl, A.; Ward, J.; Pluschke, L. The water-food-energy Nexus-Realising a new paradigm. |. Hydrol. 2016, 533, 533-540.
[CrossRef]

Chhipi-Shrestha, G.; Hewage, K.; Sadiq, R. Water-energy-carbon nexus modeling for urban water systems: System dynamics
approach. |. Water Resour. Plan. Manag. 2017, 143, 04017016. [CrossRef]

Forrester, ].W. Urban dynamics. IMR Ind. Manag. Rev. (pre-1986) 1970, 11, 67. [CrossRef]

Meadows, D.H. System dynamics meets the press. Syst. Dyn. Rev. 1989, 5, 69-80. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [CrossRef]
Correa-Cano, M.,; Salmoral, G.; Rey, D.; Knox, ].W.; Graves, A.; Melo, O.; Foster, W.; Naranjo, L.; Zegarra, E.; Johnson, C. A novel
modelling toolkit for unpacking the Water-Energy-Food-Environment (WEFE) nexus of agricultural development. Renew. Sustain.
Energy Rev. 2022, 159, 112182. [CrossRef]

Silva-Afonso, A.; Pimentel-Rodrigues, C. Water-Energy-Nutrients Nexus of Urban Environments. Water 2024, 16, 904. [CrossRef]
Mulier, M.H.; Van de Ven, E; Kirshen, P. Circularity in the urban water-energy-nutrients-food nexus. Energy Nexus 2022, 7, 100081.
[CrossRef]


https://doi.org/10.1038/s43016-021-00322-9
https://doi.org/10.1016/j.scitotenv.2018.10.434
https://www.ncbi.nlm.nih.gov/pubmed/30448671
https://doi.org/10.1016/j.enpol.2011.09.039
https://doi.org/10.1016/j.jclepro.2018.05.194
https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1016/j.envsci.2017.07.007
https://doi.org/10.1016/j.jclepro.2015.03.084
https://doi.org/10.1007/s10098-015-1076-9
https://doi.org/10.1016/j.spc.2015.07.005
https://doi.org/10.1038/nclimate1789
https://doi.org/10.1016/j.gloenvcha.2017.04.003
https://doi.org/10.1093/reep/rew018
https://doi.org/10.6036/9922
https://www.ncbi.nlm.nih.gov/pubmed/39619288
https://doi.org/10.1016/j.jhydrol.2015.12.033
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000765
https://doi.org/10.1115/1.3426475
https://doi.org/10.1002/sdr.4260050106
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.rser.2022.112182
https://doi.org/10.3390/w16060904
https://doi.org/10.1016/j.nexus.2022.100081

Energies 2025, 18, 966 24 of 25

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Endo, A.; Tsurita, I.; Burnett, K.; Orencio, PM. A review of the current state of research on the water, energy, and food nexus. J.
Hydrol. Reg. Stud. 2017, 11, 20-30. [CrossRef]

Simpson, G.B.; Jewitt, G.P. The development of the water-energy-food nexus as a framework for achieving resource security: A
review. Front. Environ. Sci. 2019, 7, 8. [CrossRef]

Chen, Y.; Chen, W. Simulation study on the different policies of Jiangsu Province for a dynamic balance of water resources under
the water-energy-food nexus. Water 2020, 12, 1666. [CrossRef]

Mostefaoui, L.; Susnik, J.; Masia, S.; Jewitt, G. A water-energy-food nexus analysis of the impact of desalination and irrigated
agriculture expansion in the Ain Temouchent region, Algeria. Environ. Dev. Sustain. 2024. [CrossRef]

Ling, M.; Qi, T.; Li, W.; Yu, L.; Xia, Q. Simulating and predicting the development trends of the water—energy—food—ecology
system in Henan Province, China. Ecol. Indic. 2024, 158, 111513. [CrossRef]

Li, W.; Wang, ].; Zhao, Y; Jiang, S.; Zhu, Y.; Qi, T,; Ling, M.; Baker, ].S.; Xiong, Y.; He, F. Development path for China’s mega-large
urban agglomerations based on the water-energy-food nexus. J. Clean. Prod. 2024, 472, 143481. [CrossRef]

Zahedi, R.; Yousefi, H.; Aslani, A.; Ahmadi, R. Sustainable dynamic planning and policy implementation for water, energy and
food resources. Energy Strategy Rev. 2024, 54, 101455. [CrossRef]

Mirindi, D.; Susnik, J.; Masia, S.; Jewitt, G. A system dynamics modelling assessment of water-energy-food resource demand
futures at the city scale: Goma, Democratic Republic of Congo. World Dev. Sustain. 2024, 5, 100159. [CrossRef]

Liu, H.; Yan, W.; Kobayashi, H. Modelling the system dynamics of household food, water, and energy nexus effects. Heliyon 2024,
10, €25886. [CrossRef]

Francisco, E.C.; Freato, T.A.; Piolli, A.L.; Poz, M.E.S.D. Analysis of the Aquaponic System Sustainability via System Dynamics
Modelling-FEW Nexus Approach. Circ. Econ. Sustain. 2024. [CrossRef]

Zhou, Y.; Chang, F-J.; Chang, L.-C.; Herricks, E. Elevating urban sustainability: An intelligent framework for optimizing
water-energy-food nexus synergies in metabolic landscapes. Appl. Energy 2024, 360, 122849. [CrossRef]

Egieya, ] M.; Parker, Y.; Hofmann, V.; Daher, B.; Gorgens, J.; Goosen, N. Predictive simulation of the water-energy-food nexus for
the City of Cape Town. Sci. Total Environ. 2024, 934, 173289. [CrossRef] [PubMed]

Rahmani, M.; Jahromi, S.H.M.; Darvishi, H.-H. SD-DSS model of sustainable groundwater resources management using the
water-food-energy security Nexus in Alborz Province. Ain Shams Eng. J. 2023, 14, 101812. [CrossRef]

Javan, K.; Altaee, A.; Darestani, M.; Mirabi, M.; Azadmanesh, F; Zhou, J.L.; Hosseini, H. Assessing the Water-Energy-Food Nexus
and Resource Sustainability in the Ardabil Plain: A System Dynamics and HWA Approach. Water 2023, 15, 3673. [CrossRef]
Francisco, E.C.; de Arruda Ignécio, P.S.; Piolli, A.L.; Dal Poz, M.E.S. Food-energy-water (FEW) nexus: Sustainable food production
governance through system dynamics modeling. J. Clean. Prod. 2023, 386, 135825. [CrossRef]

Barati, A.A.; Pour, M.D.; Sardooei, M.A. Water crisis in Iran: A system dynamics approach on water, energy, food, land and
climate (WEFLC) nexus. Sci. Total Environ. 2023, 882, 163549. [CrossRef] [PubMed]

Wang, X.; Dong, Z.; Susnik, J. System dynamics modelling to simulate regional water-energy-food nexus combined with the
society-economy-environment system in Hunan Province, China. Sci. Total Environ. 2023, 863, 160993. [CrossRef] [PubMed]
Du, S.; Liu, G,; Li, H.; Zhang, W.; Santagata, R. System dynamic analysis of urban household food-energy-water nexus in
Melbourne (Australia). J. Clean. Prod. 2022, 379, 134675. [CrossRef]

Li, X.; Zhang, L.; Hao, Y.; Zhang, P; Xiong, X.; Shi, Z. System dynamics modeling of food-energy-water resource security in a
megacity of China: Insights from the case of Beijing. J. Clean. Prod. 2022, 355, 131773. [CrossRef]

Moghaddasi, P.; Kerachian, R.; Sharghi, S. A stakeholder-based framework for improving the resilience of groundwater resources
in arid regions. J. Hydrol. 2022, 609, 127737. [CrossRef]

Valencia, A.; Zhang, W.; Gu, L.; Chang, N.-B.; Wanielista, M.P. Synergies of green building retrofit strategies for improving
sustainability and resilience via a building-scale food-energy-water nexus. Resour. Conserv. Recycl. 2022, 176, 105939. [CrossRef]
Zeng, Y.; Liu, D.; Guo, S.; Xiong, L.; Liu, P; Yin, J.; Wu, Z. A system dynamic model to quantify the impacts of water resources
allocation on water-energy-food-society (WEFS) nexus. Hydrol. Earth Syst. Sci. 2022, 26, 3965-3988. [CrossRef]

Wen, C.; Dong, W.; Zhang, Q.; He, N.; Li, T. A system dynamics model to simulate the water-energy-food nexus of resource-based
regions: A case study in Daqing City, China. Sci. Total Environ. 2022, 806, 150497. [CrossRef]

Soares Dal Poz, M.E.; de Arruda Ignacio, P.S.; Azevedo, A.; Francisco, E.C.; Piolli, A.L.; Gheorghiu da Silva, G.; Pereira Ribeiro, T.
Food, energy and water nexus: An urban living laboratory development for sustainable systems transition. Sustainability 2022, 14,
7163. [CrossRef]

Valencia, A.; Zhang, W.; Chang, N.-B. Sustainability transitions of urban food-energy-water-waste infrastructure: A living
laboratory approach for circular economy. Resour. Conserv. Recycl. 2022, 177, 105991. [CrossRef]

Ioannou, A.E.; Laspidou, C.S. Resilience analysis framework for a water-energy—food nexus system under climate change. Front.
Environ. Sci. 2022, 10, 820125. [CrossRef]

Nair, K.; Shadman, S.; Chin, C.M.; Sakundarini, N.; Yap, E.H.; Koyande, A. Developing a system dynamics model to study the
impact of renewable energy in the short-and long-term energy security. Mater. Sci. Energy Technol. 2021, 4, 391-397. [CrossRef]


https://doi.org/10.1016/j.ejrh.2015.11.010
https://doi.org/10.3389/fenvs.2019.00008
https://doi.org/10.3390/w12061666
https://doi.org/10.1007/s10668-024-05151-x
https://doi.org/10.1016/j.ecolind.2023.111513
https://doi.org/10.1016/j.jclepro.2024.143481
https://doi.org/10.1016/j.esr.2024.101455
https://doi.org/10.1016/j.wds.2024.100159
https://doi.org/10.1016/j.heliyon.2024.e25886
https://doi.org/10.1007/s43615-024-00408-z
https://doi.org/10.1016/j.apenergy.2024.122849
https://doi.org/10.1016/j.scitotenv.2024.173289
https://www.ncbi.nlm.nih.gov/pubmed/38763198
https://doi.org/10.1016/j.asej.2022.101812
https://doi.org/10.3390/w15203673
https://doi.org/10.1016/j.jclepro.2022.135825
https://doi.org/10.1016/j.scitotenv.2023.163549
https://www.ncbi.nlm.nih.gov/pubmed/37076013
https://doi.org/10.1016/j.scitotenv.2022.160993
https://www.ncbi.nlm.nih.gov/pubmed/36535474
https://doi.org/10.1016/j.jclepro.2022.134675
https://doi.org/10.1016/j.jclepro.2022.131773
https://doi.org/10.1016/j.jhydrol.2022.127737
https://doi.org/10.1016/j.resconrec.2021.105939
https://doi.org/10.5194/hess-26-3965-2022
https://doi.org/10.1016/j.scitotenv.2021.150497
https://doi.org/10.3390/su14127163
https://doi.org/10.1016/j.resconrec.2021.105991
https://doi.org/10.3389/fenvs.2022.820125
https://doi.org/10.1016/j.mset.2021.09.001

Energies 2025, 18, 966 25 of 25

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Purwanto, A.; Susnik, J.; Suryadi, F,; de Fraiture, C. Quantitative simulation of the water-energy-food (WEF) security nexus in a
local planning context in indonesia. Sustain. Prod. Consum. 2021, 25, 198-216. [CrossRef]

Naderi, M.M.; Mirchi, A.; Bavani, A.R.M.; Goharian, E.; Madani, K. System dynamics simulation of regional water supply and
demand using a food-energy-water nexus approach: Application to Qazvin Plain, Iran. J. Environ. Manag. 2021, 280, 111843.
[CrossRef]

Sun, L.; Niu, D.; Wang, K.; Xu, X. Sustainable development pathways of hydropower in China: Interdisciplinary qualitative
analysis and scenario-based system dynamics quantitative modeling. J. Clean. Prod. 2021, 287, 125528. [CrossRef]

Wu, L.; Elshorbagy, A.; Pande, S.; Zhuo, L. Trade-offs and synergies in the water-energy-food nexus: The case of Saskatchewan,
Canada. Resour. Conserv. Recycl. 2021, 164, 105192. [CrossRef]

Susnik, J.; Masia, S.; Indriksone, D.; Brémere, I.; Vamvakeridou-Lydroudia, L. System dynamics modelling to explore the impacts
of policies on the water-energy-food-land-climate nexus in Latvia. Sci. Total Environ. 2021, 775, 145827. [CrossRef] [PubMed]
Huang, A.; Chang, F.-J. Prospects for rooftop farming system dynamics: An action to stimulate water-energy-food nexus synergies
toward green cities of tomorrow. Sustainability 2021, 13, 9042. [CrossRef]

Ouyang, Y,; Cai, Y.; Xie, Y.; Yue, W.; Guo, H. Multi-scale simulation and dynamic coordination evaluation of water-energy-food
and economy for the Pearl River Delta city cluster in China. Ecol. Indic. 2021, 130, 108155. [CrossRef]

Laspidou, C.S.; Mellios, N.K.; Spyropoulou, A.E.; Kofinas, D.T.; Papadopoulou, M.P. Systems thinking on the resource nexus:
Modeling and visualisation tools to identify critical interlinkages for resilient and sustainable societies and institutions. Sci. Total
Environ. 2020, 717, 137264. [CrossRef] [PubMed]

Ravar, Z.; Zahraie, B.; Sharifinejad, A.; Gozini, H.; Jafari, S. System dynamics modeling for assessment of water—food—energy
resources security and nexus in Gavkhuni basin in Iran. Ecol. Indic. 2020, 108, 105682. [CrossRef]

Bakhshianlamouki, E.; Masia, S.; Karimi, P; van der Zaag, P.; Susnik, J. A system dynamics model to quantify the impacts
of restoration measures on the water-energy-food nexus in the Urmia lake Basin, Iran. Sci. Total Environ. 2020, 708, 134874.
[CrossRef] [PubMed]

Tan, A.H.P; Yap, E.H.; Abakr, Y.A. A complex systems analysis of the water-energy nexus in Malaysia. Systems 2020, 8, 19.
[CrossRef]

Nieto, J.; Carpintero, 0,; Miguel, L.J.; de Blas, I. Macroeconomic modelling under energy constraints: Global low carbon transition
scenarios. Energy Policy 2020, 137, 111090. [CrossRef]

D’Alessandro, S.; Cieplinski, A.; Distefano, T.; Dittmer, K. Feasible alternatives to green growth. Nat. Sustain. 2020, 3, 329-335.
[CrossRef]

Daly, H.E. Steady-state economics versus growthmania: A critique of the orthodox conceptions of growth, wants, scarcity, and
efficiency. Policy Sci. 1974, 5, 149-167. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.spc.2020.08.009
https://doi.org/10.1016/j.jenvman.2020.111843
https://doi.org/10.1016/j.jclepro.2020.125528
https://doi.org/10.1016/j.resconrec.2020.105192
https://doi.org/10.1016/j.scitotenv.2021.145827
https://www.ncbi.nlm.nih.gov/pubmed/33611179
https://doi.org/10.3390/su13169042
https://doi.org/10.1016/j.ecolind.2021.108155
https://doi.org/10.1016/j.scitotenv.2020.137264
https://www.ncbi.nlm.nih.gov/pubmed/32092809
https://doi.org/10.1016/j.ecolind.2019.105682
https://doi.org/10.1016/j.scitotenv.2019.134874
https://www.ncbi.nlm.nih.gov/pubmed/31796284
https://doi.org/10.3390/systems8020019
https://doi.org/10.1016/j.enpol.2019.111090
https://doi.org/10.1038/s41893-020-0484-y
https://doi.org/10.1007/BF00148038

	Introduction 
	Materials and Methods 
	Results 
	General Trends in WEF Nexus System Dynamics Models 
	Representation of the Economy in WEF Nexus System Dynamics Models 
	Economy–Energy Interlinks in the WEF Nexus System Dynamics Models 

	Discussion 
	References

