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Abstract

Identifying research gaps and priorities is paramount to advance sustainability science and contribute to a sustainable future.
This editorial contributes to this effort by contemplating the sustainability science research agenda and aligning it with recent
changes in global dynamics. Drawing on consultations with the editorial board members of the Sustainability Science jour-
nal and a review of relevant literature, we identified 12 key research topics. These topics are interpreted within a strategic
framework encompassing three key themes: (1) goals that drive sustainability science, (2) approaches to attain these goals,
and (3) tools to advance sustainability science research. In so doing, this editorial emphasizes a sustainable development
agenda extending beyond 2030, fostering equity and justice, and tackling issues related to power dynamics and geopolitical
conflicts. It underscores the significance of research approaches to attaining sustainability goals, in particular, theorizing, co-
production of knowledge and action, attaining clarity in conceptual descriptions, and developing systems-oriented analytical
frameworks. Additionally, it highlights the value of place-based approaches, learning from significant systemic shocks, and
nurturing inner transformations. It also underlines the need to explore emerging technologies and data-intensive methodolo-
gies as a tool to address sustainability concerns. The systematic contemplation of the sustainability science research agenda
presented in this editorial piece aims to invoke further discussion among researchers and practitioners about a fresh and
relevant agenda that promotes the sustainable integration of nature and society.

Keywords Sustainability transformation - Research prioritization - Transdisciplinarity - Sustainable development - Expert
consultation

Introduction 2001; Shrivastava et al. 2020; Clark and Harley 2020; Arias-

Maldonado 2020; Folke et al. 2021). However, given the

Addressing the most pressing global challenges of our time
requires a concerted effort from researchers, policymakers,
and local communities across sectors and contexts. Climate
change, poverty alleviation, biodiversity loss, inequality
reduction, water scarcity, and marine ecosystem conser-
vation are formidable obstacles to global sustainability
(Hamann et al. 2018; Ashford et al. 2020; Arnott and Lemos
2021). In response to these challenges, sustainability sci-
ence has emerged as a vibrant field of research and innova-
tion, aiming to assess threats posed by social-environmental
changes and to co-creating effective solutions (Kates et al.

Extended author information available on the last page of the article

rapidly evolving nature of global crises, it is clear that the
current research priorities within sustainability science need
constant realignment and reconsideration to fully address the
complexity and dynamics of global social and environmental
change.

The development of sustainability science is character-
ized by its transdisciplinary nature and collaborative phi-
losophy (Clark and Harley 2020; Tengt and Andersson
2022; Currie et al. 2024). Transdisciplinarity lies at its
core, which involves engaging non-academic stakeholders
in knowledge creation (Scholz and Steiner 2015; Rigolot
2020). By embracing transdisciplinary methodologies and
fostering partnerships among diverse interests, sustainability
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science seeks to catalyze transitions to a sustainable global
society (Takeuchi et al. 2017; Gaziulusoy and Erdogan
Oztekin 2019). One of the critical shifts in sustainability
science is broadening the research focus to encompass
social, economic, environmental, and institutional dimen-
sions of change (Moran and Lopez 2016). This expansion
acknowledges the interconnectedness of human societies
with their environment and emphasizes the importance of
holistic (Raymond et al. 2019; Ives et al. 2020; Clark and
Harley 2020; Folke et al. 2021) and relational approaches
(West et al. 2020; Walsh et al. 2021; West et al. 2024a, b) to
problem-solving.

Despite these advancements, the COVID-19 pandemic,
geopolitical conflicts, and economic instabilities under-
score the necessity of adaptive and resilient sustainability
approaches (Chaerani et al. 2023; Yuan et al. 2023; Zhao
et al. 2022). Significant gaps remain in achieving the 2030
Agenda for Sustainable Development, necessitating a focus
on practical and achievable goals (Leal Filho et al. 2020;
UN 2022). Advancements in science and technology require
ethical and environmental considerations to ensure align-
ment with sustainability principles (Goralski and Tan 2023).
Unmet international commitments in climate and ecologi-
cal emergencies further underscore the urgency of revisiting
research. Constant realigning and reconsidering of the sus-
tainability science research agenda is needed to ensure that
scholars and practitioners can address the changing nature
and dynamics of global sustainability challenges.

Sustainability science is a dynamic and evolving field
that continuously adapts to new challenges and opportuni-
ties to contribute to societal pursuits toward a more sus-
tainable future in the Anthropocene (Gibbons 2020). This
means there is an ongoing need to identify research gaps and
explore pathways to advance sustainability science. Recent
studies have highlighted vital research priorities within sus-
tainability science, emphasizing the need for transformative
change across various domains (UN 2019; Wuelser et al.
2020; Clark and Harley 2020; Liu et al. 2021; Fu et al. 2021;
Jacob et al. 2022; Pascual et al. 2023). These priorities span
arange of topics, including human well-being, food systems,
energy decarbonization, values of nature, and environmental
governance.

Aligned with this need, select members of the editorial
team of Sustainability Science have undertaken a collabo-
rative effort to systematically reassess the field’s current
research priorities. This editorial responds to concerns
about potential lacunas in current research agendas, offer-
ing a systematic consideration of the relevance and impact
of sustainability science in addressing global challenges.
Developed in partnership with the editorial board of the
Sustainability Science journal (SustSci EBM), this initia-
tive aims to identify new research topics and adjust the focus
of sustainability science in response to recent changes in
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global social dynamics and emerging challenges. It leverages
a literature review and discussions with the editorial board to
pinpoint key research topics, categorize them into strategic
themes, explore new areas, and promote cross-disciplinary
approaches. The results of this effort are used to outline
future research directions and to underscore the importance
of integrating diverse perspectives and employing transdis-
ciplinary methodologies.

The main body of this editorial is structured into two
distinct sub-sections. The first section reveals the outcomes
of the topic ranking conducted by the SustSci EBM and
overviews the selected research topics, categorized into three
primary themes. The second section explores emerging top-
ics within sustainability science and the way forward.

Exploring a future research agenda
in sustainability science

The methodology used to identify and prioritize research
topics in sustainability science involved consulting with
SustSci EBM and conducting a literature review, as detailed
in supplementary material 1. Consultation sessions with
SustSci EBM occurred during annual meetings from 2019
to 2022, gathering various prioritized research topics. A
literature review was performed by searching the Scopus
database using relevant keywords and examining recent
publications from selected journals addressing emerging
issues in sustainability science (Supplementary material 2).
Through discussions, 12 potential research topics were iden-
tified. SustSci EBM ranked these topics through an online
survey, which assessed their priority and suggested addi-
tional emerging topics. The editorial underwent two rounds
of consultation with SustSci EBM, incorporating feedback
to ensure alignment with current research priorities and to
achieve rigorous revisions.

The rankings for each topic are presented using a linear
scale ranging from 1 (lowest priority) to 5 (highest priority).
Figure 1 displays the rankings of 12 identified research top-
ics based on scoring by 68 SustSci EBM. The highly-ranked
topics were "Sustainability development—Ilooking beyond
2030" (average ranking of 4.1) and "Fostering equity and
justice" (average ranking of 4.06). Following were "Theoriz-
ing in sustainability science" (average ranking of 3.94) and
"Co-production of knowledge and action" (average ranking
of 3.93). Topics with lower average rankings included "Con-
ceptual clarity for operationalizing phenomena" (average
ranking of 3.06), "Harnessing emerging technologies for a
sustainable future" (average ranking of 3.34), and "Learn-
ing from large systemic shocks" (average ranking of 3.38).
The remaining topics ranged from 3.42 to 3.49 on average.
As all 12 topics received rankings above the average (2.5),
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Fig. 1 The scores of 12 selected research topics in sustainability sci-
ence. Points located beyond the whiskers are considered outliers. The
lower and upper lines represent the minimum and maximum data
ranges, while the box encapsulates the interquartile range, encom-
passing the middle 50% of the data. The sky-blue color highlights

they were retained as priorities in the sustainability science
agenda without further reprioritization.

Reviewing the selected topics in the context of sustain-
ability science reveals three main themes (including sub-
themes) based on conceptual inter-relations (Fig. 2). The
three main themes are: (i) goals to which sustainability sci-
ence seeks to contribute; (ii) research approaches to sup-
port achieving these goals; and (iii) tools to propel research
forward beyond 2030.

Within the category of the goals addressed by sustain-
ability science, "Sustainable development—ILooking beyond
2030" received a notable score of 4.1, followed closely by
"Fostering equity and justice" at 4.06 (Fig. 1). "Unrave-
ling power dynamics and geopolitical conflicts" received a
comparatively lower score of 3.65. Regarding approaches
to achieving sustainability, "Theories in sustainability sci-
ence" received a score of 3.94, followed closely by "Co-pro-
ducing knowledge for sustainability" at 3.93. "Place-based
approaches" garnered a score of 3.87, while "Inner sustain-
ability transformation” scored 3.46. Further down the list
were "Systems-oriented analytical frameworks" with a score

the theme related to the goals sustainability science seeks to con-
tribute to, while the light green color denotes the theme focusing
on approaches to achieve sustainability goals. Additionally, the grey
color signifies the tools utilized to advance research in sustainability
science

of 3.42 and "Learning from COVID-19" with 3.38. "Con-
ceptual clarity in sustainability science" received a score
of 3.06. Regarding tools advancing research, data-intensive
approaches scored 3.49, and leveraging emerging technolo-
gies received a score of 3.34, reflecting their comparable
importance in the research landscape. The ranking allows
us to sequence topics within each theme, prioritizing those
with higher scores first.

Theme 1: the goals to which sustainability science
seeks to contribute

This theme centers on the aspirations and extended vision
of the post-2030 sustainable development agenda. It under-
scores the role of sustainability science to contribute to set-
ting the sustainable development agenda to extend beyond
2030, fostering equity and justice, and tackling issues related
to power dynamics and geopolitical conflicts (Fig. 2). Envi-
sioning the post-2030 sustainable development agenda
requires the perspective needed to foster equity and justice.
Addressing power dynamics and conflicts is essential to

@ Springer



Sustainability Science (2025) 20:1-19

=

Tools @

Data-intensive approaches %‘
:‘@

approaches

phenomena

frameworks

Harnessing emerging
technologies

Innovative theory-based

« Developing systems-oriented analytical

Transdisciplinary approaches Q

Co-production of knowledge and action
Place-based transdisciplinary approaches

Sustainability science
research agenda

CHIEE]
Qe

Goals @,

Fostering equity and justice @

&
2

« Theorizing in sustainability science
« Conceptual clarity for operationalizing

Sustainability development -
Looking beyond 2030

Unravelling power dynamics
and geopolitical conflicts

« Learning from large systemic shocks

Inner transformations
for sustainability

@

Fig.2 An overview of the selected research topics categorized within
three key themes: (i) the goals that sustainability science seeks to
address; (ii) the approaches employed to achieve these goals; and

creating conditions that enable equity and justice, ultimately
contributing to a more sustainable and just world.

Sustainable development—looking beyond 2030

The United Nations introduced the SDGs to tackle sustain-
able development issues and create a better world for both
present and future generations (UN 2015). Comprising 17
goals with 169 targets, the SDGs touch on all aspects of
human life and interact in complex ways (Nilsson et al.
2018). The SDGs are in force from 2015 to 2030, guiding
political and civil society actions to tackle pressing chal-
lenges such as climate change, poverty reduction, biodiver-
sity loss, and social inequality (UN 2015).

However, achieving these goals by 2030 remains uncer-
tain due to various barriers and crises. These challenges
include resistance from vested interests, the vagueness of
some goals and targets, collective action problems, trade-offs
between the goals and targets, financial constraints, and set-
backs due to an unprecedented COVID-19 pandemic (Leal
Filho et al. 2020; UN 2022; Chaerani et al. 2023; Yuan et al.
2023; Goralski and Tan 2023; Zhao et al. 2022). Moreover,
emphasizing economic growth within the formulation of the
SDGs creates a barrier to sustainability (Eisenmenger et al.
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(iii) the tools that can drive advancements in sustainability research
(Source: developed by authors)

2020; Menton et al. 2020). This perspective aligns with the
degrowth literature, which argues that prioritizing continu-
ous economic expansion often leads to environmental deg-
radation and social inequities (Parrique 2023). Prioritizing
and understanding the impacts of achieving or falling short
of the SDGs, sufficiency in relation to sustainable consump-
tion, and the management of synergies and trade-offs among
SDGs are areas that require further investigation (Weitz et al.
2018; Gasper et al. 2019; Ait Sidhoum et al. 2022; Anderson
et al. 2022a, b). Failing to address these gaps hinders pro-
gress toward equitable development. Moreover, the metrics
used to monitor the achievement of the SDGs do not accu-
rately reflect the degree to which their attainment signifies
progress toward sustainable development (Clark and Harley
2020).

As we approach 2030, setting the sustainable develop-
ment agenda beyond 2030 is essential to address the com-
plex challenges facing humanity and the planet. Sustain-
ability science scholars play a vital role in this endeavor
by synthesizing diverse data sources to formulate coher-
ent global targets based on their understanding of the
social-environmental interdependencies (Reyers and Selig
2020) and producing long-term scenarios to evaluate their
effects (Moallemi et al. 2020). Their engagement extends
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to devising holistic, systemic, and relational strategies to
establish effective governance and institutional account-
ability mechanisms to overcome implementation hurdles
(Biermann et al. 2023; Pradhan 2023; West et al. 2024a,
b), to establishing reliable financing mechanisms, fostering
international cooperation and partnerships, and investing in
education and infrastructure (Leal Filho et al. 2023). Inves-
tigation of SDGs gaps and transdisciplinary collaboration
helps sustainability scientists to critically assess governance
efforts that promise to deliver a sustainable and prosperous
future (Moallemi et al. 2020).

Fostering equity and justice

Achieving equitable and just outcomes for present and
future generations involves understanding the interplay of
economic drivers and environmental conflicts to address
the unequal distribution of resources and benefits within
and between societies (Leach et al. 2018; Temper et al.
2018; Scheidel et al. 2018; Bennett et al. 2019; Scheidel
et al. 2018). Recognizing the rights of non-human entities,
future generations, and the interdependence of ecosystems
is indeed essential for sustainability (O'Connor and Kenter
2019; Anderson et al. 2022a, b).

Fostering equity and justice in sustainability science
entails considering and integrating multiple justice dimen-
sions, such as distributive, procedural, contributive, and
environmental justice, into research, policies, and actions
(Menton et al. 2020; de Herve et al. 2023; Boonstra and
Soderberg 2024) as well as their academic structures and
institutions. Despite progress in incorporating equity and
justice into sustainability science and research practices, a
significant research gap persists, particularly in examining
equitable outcomes across various scales (Hamann et al.
2018; Biermann and Kalfagianni 2020).

Sustainability science can play a pivotal role in address-
ing the imperative for justice in sustainability. By conduct-
ing transdisciplinary research, sustainability science scholars
can elucidate the complex interplay between political econ-
omy, resource distribution, and environmental sustainability
(Wiedmann et al. 2020; Kaul et al. 2022). Through compre-
hensive analyses and integration of world-system analysis
with planetary boundaries, sustainability scientists can offer
insights into transitioning to renewable energies and miti-
gating climate change (Gielen et al. 2019; Kim and Kotzé
2021). Moreover, sustainability science can investigate the
political and institutional factors perpetuating inequities,
examining power dynamics and decision-making processes
to identify opportunities for transformative change toward
greater equity (Patterson et al. 2017; Temper et al. 2018;
Scheidel et al. 2018; Bennett et al. 2019).

Unraveling power dynamics and geopolitical conflicts

Understanding and addressing power dynamics and geopo-
litical conflicts is crucial due to their profound influence
on resource control, social marginalization, and decision-
making exclusion (Boonstra 2016). These dynamics often
lead to social-environmental injustices and exacerbate geo-
political tensions, particularly in regions with contested
natural resources (Schellens and Diemer 2020). However,
a notable research gap exists regarding effective solutions
to rectify these power imbalances and promote equitable
resource governance.

Power disparities intertwined with geospatial conflicts
intensify social and economic strains and hinder progress
toward SDGs globally (UN 2020, 2022). For instance, wars
like those in Ukraine, Russia, Palestine, and Israel have
resulted in humanitarian crises, impacted energy availabil-
ity, and caused environmental pollution (Osendarp et al.
2022; Dell'Angelo et al. 2023; Akgiil-Acikmese and Ozel
2024). Similarly, conflicts in Africa and the Middle East
have impeded SDG achievements, including poverty reduc-
tion, access to clean water and energy, and environmental
sustainability (Kumar and Roy 2018; Solomon et al. 2018;
Pereira et al. 2022).

Addressing these issues necessitates a collaborative
approach involving governments, international organiza-
tions, civil society, businesses, academia, and other stake-
holders. The focus should be on fostering inclusive and
equitable resource governance to mitigate power imbalances
(Egid et al. 2021; Ratner et al. 2022). Moreover, orienting
power dynamics towards equity and justice requires inte-
grating disciplines such as political ecology, environmental
justice, and governance studies (Clark and Miles 2021; Pat-
terson et al. 2017; MalesSevié, 2022). Scholars in sustain-
ability science can contribute significantly by employing
data-driven modeling to analyze energy transition scenarios
and their impacts on social-environmental justice outcomes.
They also play a pivotal role in identifying effective prac-
tices for conflict-sensitive conservation and advocating for
policy interventions based on empirical evidence (UN 2020,
2022). To bridge the research gap, future studies should
focus on integrating approaches/disciplines to develop prac-
tical frameworks and policy recommendations that promote
fair and sustainable resource management amidst geopoliti-
cal conflicts. This approach can pave the way for more just
transitions and resilient societies worldwide.

Theme 2: approaches for achieving
the sustainability

Transdisciplinary approaches in sustainability science are

essential for identifying effective and sustainable solutions
involving, among other things, technology, public policies,
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human rights, and global constraints (Knapp et al. 2019;
Holsgens et al. 2023; Scholz and Steiner 2023). The second
theme encompasses approaches for achieving sustainability
and can be organized into three sub-themes (Fig. 2).

Sub-theme 1: innovative theory-based approaches
in sustainability science

Theorizing in sustainability science Sustainability sci-
ence aims to comprehend social-ecological interactions by
employing theoretical frameworks to gather and generate
knowledge that can help guide interactions toward sustain-
able outcomes (Raymond et al. 2019; Lang and Wiek 2022).
Theorizing in sustainability science involves developing and
applying theories to address the multifaceted challenges and
causal complexity of sustainable development, consolidate
understanding, extract insights, and advance transforma-
tive action toward more sustainable and equitable futures
(Schliiter et al. 2022). However, theory building in sustain-
ability science faces various challenges, including integrat-
ing transdisciplinary perspectives, grappling with complex-
ity and context specificity, embracing long-term processes,
ensuring practical applicability, establishing empirical foun-
dations, and balancing quantitative and qualitative method-
ologies (van Riper et al. 2018; Purvis et al. 2019).

Sustainability scholars often utilize diverse theoreti-
cal frameworks, each with its own limitations, prompting
exploration into more integrated approaches that consider
power dynamics and the array of values attributed to nature
(Purvis et al. 2019; van Kerkhoff 2014). Nevertheless, the
emphasis on action-oriented outcomes sometimes sidelines
the significance of theory building, potentially hindering the
depth of understanding and the potential for impactful inter-
ventions (Waring et al. 2015; Cumming and Peterson 2017;
Bodin et al. 2019; Meyfroidt et al. 2018; Lang and Wiek
2022). Exploring avenues of solution-oriented research and
methodological innovation holds promise for addressing sus-
tainability challenges (Pereira et al. 2020a, b). Theoretical
abstractions must be effectively connected with practical rel-
evance to make theories more useful in dissecting complex
sustainability issues and catalyzing transformative action
(Austin and McBeath 2022).

Achieving effective theorizing in sustainability science
requires bridging disparate theoretical traditions, which
involve collaborative and participatory processes with
stakeholders, experimentation, and learning from practical
experiences (Nagatsu et al. 2020). These approaches should
encompass the intricacies of social-environmental interac-
tions, acknowledging the interdependencies across differ-
ent scales of analysis (van Riper et al. 2018; Kenter et al.
2019; Li et al. 2021; Bodin et al. 2019). Embracing diverse
theoretical and methodological approaches while prioritiz-
ing communication can facilitate the understanding and
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reconciliation of contrasting theoretical lenses (Kenter et al.
2019). Theorizing should be complemented by empirical
evidence, practical concepts, and adaptable tools open to
diverse perspectives, revisions, and constructive criticism
(Schliiter et al. 2022). Collaboration with stakeholders and
continual learning from practical experiences further enrich
the application of theoretical frameworks in driving trans-
formative action towards more sustainable and equitable
futures.

Systems-oriented frameworks to address complex sustain-
ability challenges Systems-oriented frameworks provide a
structured and integrated approach to addressing complex
sustainability challenges (Da Costa Junior et al. 2019; Lai-
mon et al. 2022; Sriraman and Raghunathan 2023). The
systemic basis of the nexus approach, for example, analy-
ses the interdependencies between different systems, such
as energy, water, and food, and how to account for these
when developing strategies to achieve sustainable outcomes
(Namany et al. 2019). Similarly, the systemic nature of the
telecoupling approach highlights the interconnectedness of
different systems across geographic locations (Kapsar et al.
2019; Zhang 2023; Liu 2023). Moreover, based on politi-
cal economy ecological economics links environmental
impacts, social outcomes, and financial stability to sustaina-
bly transform the economy by exploring degrowth scenarios
(Demaria et al. 2013; Asara et al. 2015; Hardt and O'Neill
2017).

Traditional linear approaches to sustainability address
single sustainable development challenges exclusively,
neglecting the interconnectedness of social and environ-
mental factors (Liu et al. 2015; Selin and Selin 2023). In
contrast, systems-oriented frameworks recognize the com-
plex feedback loops and relationships between these factors,
emphasizing the need for integrated solutions that address
the root causes of sustainability challenges (Ballew et al.
2019; Gémez et al. 2020; Voulvoulis et al. 2022; Selin and
Selin 2023). While existing systems-oriented frameworks
are valuable, there is a need to develop additional research
tools and methods that are adaptable and inclusive for
diverse sustainability challenges.

In addressing complex sustainability challenges, scholars
can leverage its core action of knowledge production and co-
production through diverse forms of research. Inclusive and
participatory systems-oriented analytical approaches engage
local communities and incorporate their perspectives into
research endeavors (Little et al. 2019). By actively involv-
ing researchers and stakeholders from various sectors and
integrating a wide range of knowledge sources, including
Indigenous and local knowledge, sustainability science can
ensure the relevance, inclusiveness, and effectiveness of its
frameworks (Selin and Selin 2023).
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Enhancing conceptual clarity in sustainability science
for effective operationalization Enhancing conceptualiza-
tion has the potential to improve the quality and impact
of sustainability research (Usman Khizar et al. 2022). By
achieving clarity in sustainability concepts, researchers can
better communicate their findings, facilitate knowledge
exchange, and enhance the applicability of their research
outcomes. Well-defined concepts allow for consistent inter-
pretation and measurement, enabling comparison and syn-
thesis of research findings across studies and contexts. Clar-
ity also fosters a shared understanding of concepts among
researchers, policymakers, and stakeholders, promoting
more effective communication and collaboration in address-
ing sustainability challenges. Operationalizing abstract
concepts furthermore helps bridge the gap between theory
and practice, enabling practical applications that inform
decision-making and policy development for sustainability
efforts (Nagatsu et al. 2020).

Enhancing conceptual clarity in sustainability science
centers on the importance of clear and well-defined concepts
in sustainability research (Nagatsu et al. 2020). Due to the
multidisciplinary nature of sustainability studies, researchers
often draw upon abstract concepts from diverse disciplines
and apply them in various contexts (Brandt et al. 2013; Kiat-
koski Kim et al. 2022). However, the lack of clear definitions
and inconsistent use of concepts can lead to confusion and
misinterpretation, ultimately resulting in ineffective research
outcomes.

To address these issues, sustainability science research-
ers must strive to develop better and more precise defini-
tions of key concepts to facilitate their operationalization
in sustainability research (Black et al. 2023). For instance,
sustainability can be defined in multiple ways depending on
the researcher's perspective and the context of people-nature
relations (Anderson et al. 2022a, b). Conceptual mapping,
systematic reviews, and expert consultations are valuable
tools for clarifying and defining abstract concepts based
on empirical evidence, theoretical frameworks, and stake-
holder engagement (Nagatsu et al. 2020). By engaging in a
"conceptual refinement” process, researchers can arrive at
more precise and consensus-based definitions, contributing
to better operationalization and measurement of concepts in
sustainability studies.

Sub-theme 2: transdisciplinary approaches

Co-production of knowledge and action for sustainability
transformations Knowledge co-production, a collaborative
approach between stakeholders and researchers, is essential
in sustainability science and practice. It involves generating
socially relevant and scientifically reliable knowledge about
empirical phenomena (Kliskey et al. 2023). Co-creation
of knowledge encompasses various approaches and terms,

"non "non

such as "transdisciplinary,” "participatory research," "action
research,” "stakeholder engagement," "collaboration,"
"community-based research," "cooperative inquiry," "co-
design," "inclusive research," and "citizen science," among
others. These methodologies share the common principle
of active and collaborative knowledge generation involving
diverse stakeholders. The collective creation of knowledge
within sustainability science underscores the significance of
integrating a broad spectrum of knowledge and perspectives
to tackle intricate sustainability challenges (Shrivastava
et al. 2020). This cooperative process increases the practical
relevance of scientific knowledge by considering its real-
world applications (Durose et al. 2022). Engaging diverse
societal actors in connecting research and practice is essen-
tial for propelling sustainability transformations based on
rigorously researched holistic, inclusive solutions (Pereira
et al. 2018; Chambers et al. 2022; Ordonez-Ponce 2023).

The connection between knowledge and society is intri-
cately woven, underscoring how existing social frameworks
influence the knowledge we seek and endorse while concur-
rently, specific societal constructs are moulded by prevail-
ing scientific knowledge. Scholars are challenged to balance
"methodological groundedness" and "epistemological agil-
ity" to navigate tensions that may arise in these collaborative
processes (Haider et al. 2018), particularly concerning per-
ceived limitations of various knowledge sources (Chambers
et al. 2022).

To drive forward the development of co-production meth-
odologies, sustainability science researchers recognize a
pressing need for inclusive and participatory approaches that
incorporate decolonizing strategies, public engagement, and
indigenous perspectives (Schneider et al. 2021; Chambers
et al. 2022; Gram-Hanssen et al. 2022; Solman et al. 2021;
Zelenski et al. 2023; West et al. 2024a, b). Scholars have pio-
neered diverse strategies and toolkits to tackle the intricacies
of co-producing knowledge. These include post-normal sci-
ence, expanded peer review communities, and varied toolkits
for addressing disciplinary epistemologies and knowledge
co-production (Funtowicz and Ravetz 1994; Ainscough
et al. 2018; Pohl and Wuelser 2019). These strategies aim to
unveil the underlying presumptions of disciplinary or stake-
holder viewpoints, thereby resolving misconceptions and
tensions arising from implicit assumptions. However, further
progress necessitates robust testing and validation protocols
for contributions from diverse stakeholders (Pohl and Wuel-
ser 2019). Gaining more profound insights into cultivating
transformative co-production processes, especially in the
Global South, remains vital (Pereira et al. 2020a, b). Further-
more, formalized knowledge systems, including universities
and research institutions, need to embrace open, diverse, and
equitable collaboration to transcend mere knowledge gen-
eration to co-crafting wisdom concerning thriving in a time
when humans have had a substantial impact on our planet
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(Fazey et al. 2020). Such transformation would involve
explicitly acknowledging and creating positions for experts
trained to facilitate equitable integration and co-production
across the diverse "science-society" interfaces (Wiek 2007,
Brundiers et al. 2013; Hoffmann et al. 2022).

Place-based transdisciplinary approaches for addressing
local and regional challenges Transdisciplinary approaches
are pivotal in guiding endeavours to reshape societal values
towards more comprehensive principles that support sus-
tainability and promote justice and equity. These approaches
help ground such values into various institutions (Wiedmann
et al. 2020; Kaul et al. 2022; Pascual et al. 2023). Place-
based transdisciplinary approaches in sustainability science
focus on context-sensitive research considering character-
istics and dynamics of social-ecological interaction in dis-
tinct geographies and locations (Staples et al. 2021; Chen
et al. 2022). This involves understanding local and regional
challenges and human—environment interactions in the con-
text of socio-economically central and peripheral countries
(Carpenter et al. 2012; Balvanera et al. 2017a).

Place-based transdisciplinary approaches are essential
for generating relevant knowledge and building trust among
researchers, decision-makers, and local communities (Bal-
vanera et al. 2017a; Ramos-Mejia et al. 2018; Raymond
et al. 2022). By focusing on specific social-ecological con-
texts, these approaches can address challenges such as urban
stream ecological management, rural residents' value shifts,
vulnerability to climate and flood changes, and ecosystem
values integration in forest management (Lebel et al. 2011;
Kenter et al. 2011; Ramos-Mejia et al. 2018; Graziano et al.
2019; Andrade et al. 2023). However, the challenge lies in
generalizing insights in connection to other contexts, as
knowledge co-production is an open-ended process influ-
enced by stakeholder selection and socio-economic con-
text (Adler et al. 2018; Kenter et al. 2019; Eigi-Watkin and
Koskinen 2023). Addressing this challenge can involve
cross-site comparisons and horizontal portability to con-
textualize and generalize in place-based studies (Balvanera
et al. 2017b).

In fortifying place-based transdisciplinary research, sus-
tainability science scholars recognize the importance of
conducting empirical assessments of research methods for
nature-society studies (Balvanera et al. 2017b; De Vos et al.
2019; Carr Kelman et al. 2023). Continuous evaluation and
enhancement of research methodologies and approaches are
essential for addressing the intricate sustainability challenges
confronting diverse communities and regions (Horlings
et al. 2020). Exploring cross-site comparisons and adopt-
ing global-level approaches fosters knowledge development
concerning social-environmental connections and inspires
alternative pathways toward global sustainability (Balva-
nera et al. 2017a; Knapp et al. 2019; Martin-Lépez et al.
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2020). In navigating the tensions that may arise between
locally focused, context-sensitive sustainability approaches
and global-level strategies, adopting a "glocal" perspective
becomes essential. This approach prioritizes adaptability,
participatory decision-making, knowledge exchange, cus-
tomized implementation, ongoing monitoring, and policy
alignment to synchronize local priorities with global sustain-
ability goals (Persson and Erlandsson 2014).

Learning from large systemic shocks Learning from large
systemic shocks like pandemics is an essential component
of transdisciplinary approaches because it involves the coor-
dinated effort of experts from various fields to understand
the complex, interconnected nature of these shocks and their
impact on sustainability. Shocks like pandemics, economic
crises, or extreme climate events have widespread social-
environmental consequences (Lenzen et al. 2020) and, in
some cases, are necessary for adapting to change (Erwin
et al. 2021). The COVID-19 pandemic is a pertinent exam-
ple of a large systemic shock that has reverberated globally,
highlighting the urgency of addressing sustainability chal-
lenges and opportunities (Tonne 2021; EEA 2021; Pradhan
et al. 2021). Analyzing the impacts and responses to such
shocks provides valuable insights into vulnerabilities and
weaknesses in existing systems (Folke et al. 2016; Haldon
et al. 2020).

Analyzing large systemic shocks offer an opportunity to
learn from experiences and better prepare for future chal-
lenges (Haldon et al. 2020; Rockstrom et al. 2023). These
shocks can reveal gaps in governance structures, social ine-
qualities, and environmental vulnerabilities, underscoring
the need for transformative changes in policies and practices
(Jones and Hameiri 2022). By studying the adaptive capaci-
ties of different communities and nations in the face of such
shocks, researchers can identify best practices and strategies
to build resilience and improve sustainability in the long run
(Cumming and Peterson 2017; Leach et al. 2018; Brund-
iers 2018). Moreover, the lessons learned from these shocks
can inform the development of more robust and inclusive
policies that promote sustainable development issues during
crises (Galaz et al. 2021; Tonne 2021; Mugabe et al. 2022).

Collaboration among sustainability science scholars
from various disciplines helps to analyze the complexi-
ties of large systemic shocks and their cascading effects.
Data-driven analyses and modeling techniques can help
understand the interactions between different factors and
predict potential future shocks, enabling proactive policy
interventions. Engaging with local communities and stake-
holders affected by these shocks is essential to ensure that
research and responses are contextually appropriate and
socially just. By promoting continuous learning and adap-
tation, the knowledge gained from large systemic shocks can
drive a new approach to disaster preparedness and positive
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transformations toward a more sustainable and resilient
global society (Brundiers and Eakin 2018; Barouki et al.
2021; Kadykalo et al. 2022). This approach aligns with the
principles of adaptive governance for social-ecological sys-
tems during periods of abrupt disruption, which emphasizes
collaboration among various entities and envisions crises
as opportunities for transformative change toward a more
desirable state (Folke et al. 2005).

Sub-theme 3: inner transformations for sustainability

Inner transformation encompasses diverse dimensions of
human existence and interactions, including consciousness,
mindsets, values, worldviews, beliefs, emotions, spirituality,
and the connection between humans and nature (Woiwode
et al. 2021). Recognizing and addressing inner dimensions
can help foster sustainable practices and achieve sustain-
able development. Inner transformation for sustainability
highlights the importance of personal and shared values,
emotions, and attitudes in promoting sustainable behavior
and driving transformative change (Woiwode et al. 2021).
It explores the role of an individual's inner world, including
personal and community values, cultural heritage, beliefs,
worldviews, and attitudes, in promoting sustainable behavior
and driving collective and systems change (Woiwode et al.
2021). Research has shown that individuals who perform
prosocial behavior and subscribe to environmental values
are more likely to engage in sustainable practices (Thggersen
and Noblet 2012), especially when those values are consid-
ered across scales (van Riper et al. 2019). Inner dimensions
and transformation play a vital role in fostering conscious-
ness, relationships with others, the environment, and oneself
(Woiwode et al. 2021; Cooper and Gibson 2022; Gomes
Junior et al. 2023).

While sustainability transitions research has begun to
acknowledge the importance of addressing inner elements,
further investigation is required to comprehend the sig-
nificance of emotions and moods in transformative change
(Ryan 2016). Emotions significantly influence human behav-
ior, and positive emotions like joy and awe are associated
with sustainable behaviors (Zelenski and Desrochers 2021;
Thiermann and Sheate 2021). Negative emotions such as
guilt and worry that are associated with moral obligation can
also energize behavior change (Shipley and van Riper 2022).
However, consequences of the ecological crisis, such as 'eco-
logical grief' when experienced in excess, can significantly
de-motivate sustainability efforts as it can affect individu-
als' willingness and ability to engage in pro-environmental
behaviors and support conservation and sustainability ini-
tiatives (Pihkala 2022). Furthermore, environmental value
conflicts can generate neutral and negative emotions such as
avoidance and anguish, but there remains a limited under-
standing of how these emotions influence resolving conflicts

(Isacs et al. 2023). Examining human speciesism is another
crucial area of research in sustainability science (Swartz
and Mishler 2022). Human speciesism entails believing in
human superiority over other species and hinders sustainable
practices and ethical frameworks for sustainability (Hopster
2019). The IPBES values Assessment also calls for broader
recognition of non-anthropocentric worldviews (Anderson
et al. 2022a, b), including through its adoption of the Life
Framework of Values, which emancipates holistic frames of
human-nature relations (Kenter and O'Connor 2022; Wille-
men et al. 2023).

Sustainability science researchers can strive to account
for inner transformation through a multifaceted research
approach, encompassing transdisciplinary research, cultural
awareness, and ethical considerations (Moore and Milkoreit
2020; Wamsler et al. 2021; Woiwode et al. 2021). Their col-
laborative efforts bridge the gap between research, policy,
and practice, offering opportunities to introduce a concerto
of inner transformations for sustainability (Cooper and Gib-
son 2022; Gomes Junior et al. 2023). By delving deeper into
the role of personal values and human-nature relationships in
sustainability, researchers can develop effective strategies for
transformative change toward a sustainable future.

Theme 3: tools to propel the research forward

The third theme summarizes the research priorities related to
specific tools to propel research forward, which include data-
intensive approaches and harnessing emerging technologies
to contribute to a sustainable future (Fig. 2).

Data-intensive methods for sustainability research
and decision-making

The proliferation of data availability has catalyzed the adop-
tion of data-intensive methods in sustainability, garnering
support from diverse stakeholders (Asokan et al. 2020).
These approaches, encompassing big data and citizen sci-
ence data, hold immense promise in propelling sustainability
initiatives forward by furnishing invaluable information and
insights (Sauermann et al. 2020; Sakti and Takeuchi 2020).

Nevertheless, realizing the full potential of data-intensive
approaches entails addressing several challenges (Asokan
et al. 2020; Sauermann et al. 2020; Garrigds-Simon et al.
2021). A pivotal challenge is ensuring the compatibility of
diverse data sets collected through distinct methodologies
to facilitate integration and processing (Asokan et al. 2020).
Additionally, the heterogeneous nature of sustainability defi-
nitions and values poses a significant obstacle across dis-
ciplines, stakeholders, cultures, and contexts (Kenter et al.
2019). Recognizing this, the IPBES Values Assessment
offers an inclusive typology of values, which holds prom-
ise in bridging disparate knowledge traditions, including
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Table 1 Brief notes on emerging frontiers in sustainability science

Research topics

Brief notes

Exploring intersectionality for a sustainable future

Social tipping points in the pursuit of sustainability

Transformative action for sustainability

Cross-cutting issues in sustainability science

Innovations in sustainability education

Intersectionality is a framework for understanding how different social identities—such as
race, gender, class, ethnicity, and other factors—intersect to create unique experiences
of oppression, privilege, and discrimination (Crenshaw 1989; Davis 2008; Kaijser and
Kronsell 2014). Intersectionality involves analyzing how different social identities inter-
sect in relation to sustainability challenges. Considering these intersections is vital for
effective policy and program design (Nash 2008; Ryder and Boone 2019; Amorim-Maia
et al. 2022; Bryan et al. 2023). Accounting for intersectionality in the research design
aligns with the goals of sustainability science to investigate approaches that can foster
equity and justice and thus inform the policy and program designs mentioned above

Social tipping points are moments in social-ecological systems where a small change
triggers a rapid, non-linear shift in the social system, driven by self-reinforcing feedback
loops, often leading to a new, irreversible state (Milkoreit et al. 2018; Otto et al. 2020a,
b). These tipping points are key to understanding how minor changes can rapidly and
dramatically alter social structures, behaviours, and outcomes, particularly in the context
of sustainability and environmental challenges. Identifying and analyzing these tipping
points is essential for driving transformative change (Otto et al. 2020a, b; Stadelmann-
Steffen et al. 2021; Lenton et al. 2022; Chapman et al. 2022; Gupta et al. 2023; Rock-
strom et al. 2023; Rammelt et al. 2023). Incorporating social tipping points into research
endeavors would align with research priorities, particularly when integrated into the
further development of system-based frameworks designed to tackle intricate sustain-
ability challenges

Transformative action for sustainability refers to profound system-wide reorganization
across technological, economic, and social factors, including paradigms, goals, and
values towards sustainable and equitable futures (IPBES 2019; Salomaa and Juhola
2020; Fougeres et al. 2022). It entails restructuring social-environmental systems to
address the root causes of unsustainability. To foster transformative action, policymakers
and stakeholders need to adopt evidence-based decision-making and integrate scientific
knowledge with practical implementation. Researchers, policymakers, and stakeholders
need to collaborate closely, ensuring that scientific findings and recommendations are
effectively translated into practical actions and policies (Wiek et al. 2012; Sarewitz et al.
2012; Nevens et al. 2013; Fedele et al. 2019; Bush and Doyon 2021; Zeigermann 2021;
Tengo and Andersson 2022; Sandberg and Tienari 2022; Du et al. 2023). The goal of
co-creating transformative action for sustainability would be shaped by insights derived
from internal changes and would guide approaches for attaining sustainability goals,
particularly in advancing methodologies centered on solutions-oriented research (Lang
and Wiek 2022)

Cross-cutting issues to develop sustainable solutions involves researching sustainable
finance instruments, ethics, gender equity, and acknowledging researcher values (Ziolo
et al. 2019; Joaquin and Biana 2020; Leal Filho et al. 2022; Kenter et al. 2016), aligning
with the research priority of promoting equity and justice

Promoting innovations in sustainability education is essential for enhancing a sustainable
future. This involves embedding global sustainability principles, transformative learning,
valuing and caring for local contexts, and inventive pedagogical methods in sustain-
ability education (Evans 2015; Brundiers and Wiek 2017; Horbacauskiene 2019; Kioupi
and Voulvoulis 2019; Redman and Wiek 2021; Brundiers et al. 2021; Liu et al. 2022;
Hurlimann et al. 2023). Aligning educational efforts with practical sustainability goals
drives meaningful change and equips individuals with essential research skills. The
synergy between education and research is crucial for progress in sustainability science,
linking education, research, and practical action

scientific, indigenous, and local knowledge (Pascual et al.
2023; Raymond et al. 2023). On the other hand, unequal
global representation of data and knowledge further exacer-
bates disparities, favoring more high-income countries (Her-
rera et al. 2023). This imbalance perpetuates unequal power
dynamics and impedes meaningful stakeholder participation.
Moreover, incomplete data, particularly regarding social and
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economic aspects, hampers a comprehensive understanding
of sustainability issues (Blazquez and Domenech 2018).
To address data-intensive challenges in sustainability,
researchers in the field can lead by fostering transdiscipli-
nary collaboration, developing frameworks for data compat-
ibility, and promoting inclusivity and equitable representa-
tion among diverse stakeholders (Tengd et al. 2021; Muller
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et al. 2022; Pascual et al. 2023; Raymond et al. 2023).
By recognizing and respecting different value lenses and
integrating various knowledge traditions, researchers can
enhance the validity of research outcomes and drive progress
in sustainability research and decision-making.

Harnessing emerging technologies for a sustainable future

Harnessing emerging technologies in sustainability focuses
on evaluating the potential benefits and drawbacks of new
and emerging technologies for sustainability (Gulsrud et al.
2018). Integrating digital technologies with sustainable
development and governance can enhance social welfare,
measure the impacts of SDGs, and increase the sustain-
ability and resilience of business supply chains (EIMassah
and Mohieldin 2020; Browning et al. 2020; Bai et al. 2020;
Galaz et al. 2021; Chauhan et al. 2022a; Samuel et al. 2022;
Kazancoglu et al. 2023).

As technology continues to transform our world, conduct-
ing ongoing research and development is crucial to estab-
lishing policies that promote sustainability and guidelines
for their use (Vinuesa et al. 2020). Understanding the trade-
offs between the benefits and risks of emerging technologies
is important for developing policies that promote sustain-
ability (Chauhan et al. 2022b). This requires researchers to
be aware of the social and ethical consequences of techno-
logical progress and consider how it affects social-environ-
mental contexts and interactions (Kendal 2022). To assess
these implications, a broader framework, such as the social-
environmental-technological perspective, may be needed to
encompass the multifaceted interactions between society,
nature, and technology (McPhearson et al. 2022).

Sustainability science researchers can focus on explor-
ing the potential of retroinnovation and emerging technolo-
gies, such as digital technologies, artificial intelligence (Al),
and virtual reality, to support research on sustainability and
human well-being (Switalski et al. 2021; Dwivedi et al.
2022; Piscicelli 2023). For example, virtual reality as a tool
to simulate the multiple benefits that people can derive from
nature, including emotional well-being, stress reduction, and
environmental stewardship, is an area for further investiga-
tion (Browning et al. 2020; Dwivedi et al. 2022). This explo-
ration should include a thorough understanding of potential
drawbacks and unintended consequences to develop strate-
gies for responsible and sustainable use of these tools as
data collection and analysis instruments and in real-world
practice applications.

Emerging frontiers and the way forward

In addition to the abovementioned ranked topics, SustSci
EBM proposed five additional areas for future research in
sustainability science. These include (a) exploring intersec-
tionality for a sustainable future, (b) social tipping points,
(c) transformative action, (d) cross-cutting issues, and (e)
innovations in sustainability education. Table 1 highlights
each topic, and the explanatory details are presented in sup-
plementary material 3. Exploring these areas in conjunction
with the research topics above will add further theoretical
and methodical rigor to sustainability science.

Given the transdisciplinary nature of sustainability sci-
ence, the boundaries of the discipline are malleable and
emergent. Due to the ever-changing nature of sustainabil-
ity, establishing a fixed theoretical framework or tradition
remains a work in progress. Therefore, journals such as Sus-
tainability Science must continue recognizing and incorpo-
rating emerging topics.

By outlining the prioritized research topics, this editorial
stimulate future discussion in sustainability science, serving
as a roadmap for subsequent studies striving to create a more
sustainable future. Continuous efforts to update and revisit
research agendas for sustainability science are essential to
meet persistent and new challenges rooted in dynamic inter-
actions between humans and nature. We hope this editorial
will stimulate ongoing and future research activities in sus-
tainability science, which, in turn, will necessitate future
prioritization efforts, ultimately contributing to the advance-
ment of sustainability science.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11625-024-01586-3.

Acknowledgements We extend our gratitude to the editorial board
members of the Sustainability Science journal for their valuable con-
tributions in suggesting thematic areas and evaluating research topics
through an online survey. We want to express our special acknowl-
edgment to Prof. William C. Clark for his insightful and constructive
feedback during the draft review. Additionally, our thanks go to Dr.
Raffaela Kozar for her diligent language editing efforts. This research
has been made possible with partial financial support from the "Integra-
tion of Traditional and Modern Bioproduction System for a Sustainable
and Resilient Future under Climate and Ecosystem Changes (ITMoB)"
project, funded by JST e-ASIA JRP (Grant Number JPMJSC20ES6).
P. Pradhan acknowledges the European Research Council (ERC) for
funding the project (Project number 101077492).

Data availability All the data have been included as a supplementary
materials.

Declarations

Conflict of interest The authors declare no conflicts of interest or com-
peting interests.

@ Springer


https://doi.org/10.1007/s11625-024-01586-3

12

Sustainability Science (2025) 20:1-19

References

Adler C, Hirsch Hadorn G, Breu T, Wiesmann U, Pohl C (2018) Con-
ceptualizing the transfer of knowledge across cases in transdisci-
plinary research. Sustain Sci 13(1):179-190. https://doi.org/10.
1007/s11625-017-0444-2

Ainscough J, Wilson M, Kenter JO (2018) Ecosystem services as a
post-normal field of science. Ecosyst Serv 31:93—101. https://
doi.org/10.1016/j.ecoser.2018.03.021

Ait Sidhoum A, Dakpo KH, Latruffe L (2022) Tradeoffs between eco-
nomic, environmental, and social sustainability on farms using a
latent class frontier efficiency model: evidence for Spanish crop
farms. PLoS ONE 17(1):e0261190. https://doi.org/10.1371/journ
al.pone.0261190

Akgiil-Agikmese S, Ozel S (2024) EU policy towards the israel-pal-
estine conflict: the limitations of mitigation strategies. Int Spect
59(1):59-78. https://doi.org/10.1080/03932729.2024.2309664

Amorim-Maia AT, Anguelovski I, Chu E, Connolly J (2022) Intersec-
tional climate justice: A conceptual pathway for bridging adap-
tation planning, transformative action, and social equity. Urban
Climate 41:101053. https://doi.org/10.1016/j.uclim.2021.101053

Anderson CB, Athayde S, Raymond CM, Vatn A, Arias-Arévalo P,
Gould RK, Canti-Fernandez M (2022). Chapter 2. Conceptualiz-
ing the diverse values of nature and their contributions to people.
In: Balvanera P, Pascual U, Christie M, Baptiste B, Gonzalez-
Jiménez D (eds) Methodological assessment report on the diverse
values and valuation of nature of the intergovernmental science-
policy platform on biodiversity and ecosystem services. IPBES
secretariat, Bonn. 10.5281/zenodo.7154713

Anderson CC, Denich M, Warchold A et al (2022b) A systems model
of SDG target influence on the 2030 Agenda for Sustainable
Development. Sustain Sci 17:1459-1472. https://doi.org/10.
1007/s11625-021-01040-8

Andrade R, van Riper CJ, Goodson DJ, Johnson DN, Stewart W,
Lépez-Rodriguez MD, Raymond CM (2023) Values shift in
response to social learning through deliberation about protected
areas. Glob Environ Change 78:102630

Arias-Maldonado M (2020) Sustainability in the anthropocene:
between extinction and populism. Sustainability 12(6):2538.
https://doi.org/10.3390/su12062538

Arnott JC, Lemos MC (2021) Understanding knowledge use for sus-
tainability. Environ Sci Policy 120:222-230. https://doi.org/10.
1016/j.envsci.2021.02.016

Asara V, Otero I, Demaria F, Corbera E (2015) Socially sustainable
degrowth as a social-ecological transformation. Repoliticizing
sustainability. Sustain Sci 10(3):375-384

Ashford NA, Hall RP, Arango-Quiroga J, Metaxas KA, Showalter AL
(2020) Addressing inequality: the first step beyond COVID-19
and towards sustainability. Sustainability 12:5404. https://doi.
org/10.3390/su12135404

Asokan VA, Yarime M, Onuki M (2020) A review of data-intensive
approaches for sustainability: methodology, epistemology, nor-
mativity, and ontology. Sustain Sci 15:955-974. https://doi.org/
10.1007/s11625-019-00759-9

Austin MJ, McBeath B (2022) Connecting practice research with
the process of theorizing. Res Soc Work Pract 32(7):731-742.
https://doi.org/10.1177/10497315221078961

Bai C, Dallasega P, Orzes G, Sarkis J (2020) Industry 4.0 technolo-
gies assessment: a sustainability perspective. Int J Prod Econ
229:107776. https://doi.org/10.1016/j.ijpe.2020.107776

Ballew MT, Goldberg MH, Rosenthal SA, Gustafson A, Leiserowitz
A (2019) Systems thinking as a pathway to global warming
beliefs and attitudes through an ecological worldview. Proc
Natl Acad Sci 116(17):8214-8219. https://doi.org/10.1073/
pnas.1816460116

@ Springer

Balvanera P, Calderon-Contreras R, Castro AJ, Felipe-Lucia MR,
Geijzendorffer IR, Jacobs S et al (2017a) Interconnected place-
based social-ecological research can inform global sustainabil-
ity. Curr Opin Environ Sustain 29:1-7

Balvanera P, Daw TM, Gardner TA, Martin-Lépez B, Norstrom AV,
Speranza CI (2017b) Key features for more successful place-
based sustainability research on social-ecological systems: a
Programme on Ecosystem Change and Society (PECS) per-
spective. Ecol Soc 22(1):14

Barouki R, Kogevinas M, Audouze K et al (2021) The COVID-19
pandemic and global environmental change: Emerging research
needs. Environ Int 146:106272. https://doi.org/10.1016/j.
envint.2020.106272

Bennett NJ, Blythe J, Cisneros-Montemayor AM, Singh GG, Sumaila
UR (2019) Just transformations to sustainability. Sustainability
11(14):3881. https://doi.org/10.3390/sul1143881

Biermann F, Kalfagianni A (2020) Planetary justice: a research
framework. Earth Syst Gov 6:100049. https://doi.org/10.
1016/j.esg.2020.100049

Biermann F, Sun Y, Banik D, Beisheim M, Bloomfield MJ, Charles
A, Chasek P, Hickmann T, Pradhan P, Sénit A (2023) Four
governance reforms to strengthen the SDGs. Science. https://
doi.org/10.1126/science.adj5434

Black D, Bates G, Ayres S et al (2023) Operationalizing a large
research program tackling complex urban and planetary health
problems: a case study approach to critical reflection. Sustain
Sci. https://doi.org/10.1007/s11625-023-01344-x

Blazquez D, Domenech J (2018) Big Data sources and methods for
social and economic analyses. Technol Forecast Soc Change
130:99-113. https://doi.org/10.1016/j.techfore.2017.07.027

Bodin O, Alexander SM, Baggio J et al (2019) Improving network
approaches to the study of complex social-ecological interde-
pendencies. Nat Sustain 2:551-559. https://doi.org/10.1038/
$41893-019-0308-0

Boonstra W], Soderberg N (2024) Theorising resistance in times of
fossil fuels: ecological grief, righteous anger and interaction
rituals in Sweden’s energy regime shift. Energy Res Soc Sci
116:103652

Boonstra WJ (2016) Conceptualizing power to study social-ecolog-
ical interactions. Ecol Soc. http://www.jstor.org/stable/26270
351

Brandt P, Ernst A, Gralla F, Luederitz C, Lang DJ, Newig J, von
Wehrden H (2013) A review of transdisciplinary research in
sustainability science. Ecol Econ 92:1-15. https://doi.org/10.
1016/j.ecolecon.2013.04.008

Browning MH, Mimnaugh KJ, Van Riper CJ, Laurent HK, LaValle SM
(2020) Can simulated nature support mental health? Comparing
short, single-doses of 360-degree nature videos in virtual real-
ity with the outdoors. Front Psychol 10:2667. https://doi.org/10.
3389/fpsyg.2019.02667

Brundiers K (2018) Disasters as opportunities for sustainability:
the case of Christchurch, Aotearoa New Zealand. Sustain Sci
13:1075-1091. https://doi.org/10.1007/s11625-017-0523-4

Brundiers K, Eakin HC (2018) Leveraging post-disaster windows of
opportunities for change towards sustainability: a framework.
Sustainability 10(5):1390. https://doi.org/10.3390/su10051390

Brundiers K, Wiek A (2017) Beyond interpersonal competence: teach-
ing and learning professional skills in sustainability. Educ Sci
7(1):39. https://doi.org/10.3390/educsci7010039

Brundiers K, Wiek A, Kay B (2013) The role of transacademic inter-
face managers in transformational sustainability research and
education. Sustainability 5(11):4614-4636. https://doi.org/10.
3390/su5114614

Brundiers K, Barth M, Cebrian G et al (2021) Key competencies
in sustainability in higher education—toward an agreed-upon


https://doi.org/10.1007/s11625-017-0444-2
https://doi.org/10.1007/s11625-017-0444-2
https://doi.org/10.1016/j.ecoser.2018.03.021
https://doi.org/10.1016/j.ecoser.2018.03.021
https://doi.org/10.1371/journal.pone.0261190
https://doi.org/10.1371/journal.pone.0261190
https://doi.org/10.1080/03932729.2024.2309664
https://doi.org/10.1016/j.uclim.2021.101053
https://doi.org/10.1007/s11625-021-01040-8
https://doi.org/10.1007/s11625-021-01040-8
https://doi.org/10.3390/su12062538
https://doi.org/10.1016/j.envsci.2021.02.016
https://doi.org/10.1016/j.envsci.2021.02.016
https://doi.org/10.3390/su12135404
https://doi.org/10.3390/su12135404
https://doi.org/10.1007/s11625-019-00759-9
https://doi.org/10.1007/s11625-019-00759-9
https://doi.org/10.1177/10497315221078961
https://doi.org/10.1016/j.ijpe.2020.107776
https://doi.org/10.1073/pnas.1816460116
https://doi.org/10.1073/pnas.1816460116
https://doi.org/10.1016/j.envint.2020.106272
https://doi.org/10.1016/j.envint.2020.106272
https://doi.org/10.3390/su11143881
https://doi.org/10.1016/j.esg.2020.100049
https://doi.org/10.1016/j.esg.2020.100049
https://doi.org/10.1126/science.adj5434
https://doi.org/10.1126/science.adj5434
https://doi.org/10.1007/s11625-023-01344-x
https://doi.org/10.1016/j.techfore.2017.07.027
https://doi.org/10.1038/s41893-019-0308-0
https://doi.org/10.1038/s41893-019-0308-0
http://www.jstor.org/stable/26270351
http://www.jstor.org/stable/26270351
https://doi.org/10.1016/j.ecolecon.2013.04.008
https://doi.org/10.1016/j.ecolecon.2013.04.008
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.1007/s11625-017-0523-4
https://doi.org/10.3390/su10051390
https://doi.org/10.3390/educsci7010039
https://doi.org/10.3390/su5114614
https://doi.org/10.3390/su5114614

Sustainability Science (2025) 20:1-19

13

reference framework. Sustain Sci 16:13-29. https://doi.org/10.
1007/s11625-020-00838-2

Bryan E, Ringler C, Meinzen-Dick R (2023) Gender, resilience, and
food systems. In: Béné C, Devereux S (eds) Resilience and
food security in a food systems context (Palgrave studies in
agricultural economics and food policy). Palgrave Macmillan.
https://doi.org/10.1007/978-3-031-23535-1_8

Bush J, Doyon A (2021) Tackling intersecting climate change and
biodiversity emergencies: opportunities for sustainability tran-
sitions research. Environ Innov Soc Trans 41:57-59. https://
doi.org/10.1016/j.eist.2021.09.010

Carpenter SR, Folke C, Norstrom A, Olsson O, Schultz L, Agarwal
B, Campbell B (2012) Program on ecosystem change and soci-
ety: an international research strategy for integrated social-eco-
logical systems. Curr Opin Environ Sustain 4:134—138. https://
doi.org/10.1016/j.cosust.2012.01.001

Carr Kelman C, Brady U, Raschke BA, Schoon ML (2023) A system-
atic review of key factors of effective collaborative governance
of social-ecological systems. Soc Nat Resour 36:1452-1470

Chaerani D, Shuib A, Perdana T, Irmansyah AZ (2023) systematic
literature review on robust optimization in solving sustainable
development goals (SDGs) problems during the COVID-19
pandemic. Sustainability 15(7):5654

Chambers JM, Wyborn C, Klenk NL, Ryan M, Serban A, Bennett NJ
et al (2022) Co-productive agility and four collaborative path-
ways to sustainability transformations. Glob Environ Change
72:102422. https://doi.org/10.1016/j.gloenvcha.2021.102422

Chapman M, Wiltshire S, Baur P et al (2022) Social-ecological feed-
backs drive tipping points in farming system diversification.
One Earth 5(3):283-292. https://doi.org/10.1016/j.oneear.
2022.02.007

Chauhan C, Kaur P, Arrawatia R, Ractham P, Dhir A (2022a) Supply
chain collaboration and sustainable development goals (SDGs).
Teamwork makes achieving SDGs dream work. J Bus Res
147:290-307. https://doi.org/10.1016/j.jbusres.2022.03.044

Chauhan C, Parida V, Dhir A (2022b) Linking circular economy
and digitalisation technologies: a systematic literature review
of past achievements and future promises. Technol Forecast
Soc Change 177:121508. https://doi.org/10.1016/j.techfore.
2022.121508

Chen J, John R, Yuan J, Mack EA, Groisman P, Allington G, de Beurs
KM (2022) Sustainability challenges for the social-environmen-
tal systems across the Asian Drylands Belt. Environ Res Lett
17(2):023001. https://doi.org/10.1088/1748-9326/ac472f

Clark WC, Harley AG (2020) Sustainability science: toward a synthe-
sis. Annu Rev Environ Resour 45(1):331-386. https://doi.org/10.
1146/annurev-environ-012420-043621

Clark SS, Miles ML (2021) Assessing the integration of environmen-
tal justice and sustainability in practice: a review of the litera-
ture. Sustainability 13(20):11238. https://doi.org/10.3390/sul32
011238

Cooper KJ, Gibson RB (2022) A novel framework for inner-outer sus-
tainability assessment. Challenges 13(2):64. https://doi.org/10.
3390/challe13020064

Crenshaw K (1989) Demarginalizing the intersection of race and sex:
a black feminist critique of antidiscrimination doctrine, femi-
nist theory, and antiracist politics. University of Chicago Legal
Forum, 1989(1), Article 8

Cumming GS, Peterson GD (2017) Unifying research on social-eco-
logical resilience and collapse. Trends Ecol Evol 32(9):695-713.
https://doi.org/10.1016/j.tree.2017.06.014

Currie TE, Borgerhoff Mulder M, Fogarty L, Schliiter M, Folke
C, Haider LJ, Waring TM (2024) Integrating evolutionary
theory and social-ecological systems research to address the

sustainability challenges of the Anthropocene. Philos Trans R
Soc B 379(1893):20220262

Da Costa Junior J, Diehl J, Snelders D (2019) A framework for a sys-
tems design approach to complex societal problems. Design Sci
5:E2. https://doi.org/10.1017/dsj.2018.16

Davis K (2008) Intersectionality as buzzword: a sociology of science
perspective on what makes a feminist theory successful. Fem
Theory 9(1):67-85. https://doi.org/10.1177/1464700108086364

de Herve M, Schinko T, Handmer J (2023) Risk justice: boosting the
contribution of risk management to sustainable development.
Risk Anal. https://doi.org/10.1111/risa.14157

de Vos A, Biggs R, Preiser R (2019) Methods for understanding social-
ecological systems: a review of place-based studies. Ecol Soc
24(4):16. https://doi.org/10.5751/ES-11236-240416

Dell’Angelo J et al (2023) Will war in Ukraine escalate the global
land rush? Science 379:752-755. https://doi.org/10.1126/scien
ce.adf9351

Demaria F, Schneider F, Sekulova F, Martinez-Alier J (2013) What is
degrowth? From an activist slogan to a social movement. Environ
Values 22(2):191-215

Du N, Fathollahi-Fard AM, Wong KY (2023) Wildlife resource con-
servation and utilization for achieving sustainable develop-
ment in China: main barriers and problem identification. Envi-
ron Sci Pollut Res 30:26982-26992. https://doi.org/10.1007/
s11356-023-26982-7

Durose C, Perry B, Richardson L (2022) Is co-production a “good”
concept? Three responses. Futures 142:102999. https://doi.org/
10.1016/j.futures.2022.102999

Dwivedi YK, Hughes L, Baabdullah AM, Ribeiro-Navarrete S, Gian-
nakis M, Wamba SF (2022) Metaverse beyond the hype: Multi-
disciplinary perspectives on emerging challenges, opportunities,
and agenda for research, practice, and policy. Int J Inf Manage
66:102542. https://doi.org/10.1016/j.ijinfomgt.2022.102542

Egid BR, Roura M, Aktar B, Amegee Quach J, Chumo I, Dias S, Ozano
K (2021) “You want to deal with power while riding on power”:
global perspectives on power in participatory health research
and co-production approaches. BMJ Glob Health 6(11):e006978.
https://doi.org/10.1136/bmjgh-2021-006978

Eigi-Watkin J, Koskinen I (2023) Reasoning by analogy and the trans-
disciplinarian’s circle: on the problem of knowledge transfer
across cases in transdisciplinary research. Sustain Sci 18:1343—
1353. https://doi.org/10.1007/s11625-023-01315-2

Eisenmenger N, Pichler M, Krenmayr N, Noll D, Plank B, Schal-
mann E, Gingrich S (2020) The sustainable development goals
prioritize economic growth over sustainable resource use: a
critical reflection on the SDGs from a socio-ecological per-
spective. Sustain Sci 15:1101-1110. https://doi.org/10.1007/
$11625-020-00813-x

ElMassah S, Mohieldin M (2020) Digital transformation and local-
izing the sustainable development goals (SDGs). Ecol Econ
169:106490. https://doi.org/10.1016/j.ecolecon.2019.106490

Erwin A, Ma Z, Popovici R, O’Brien EPS, Zanotti L, Zeballos EZ,
Larrea GRA (2021) Intersectionality shapes adaptation to social-
ecological change. World Dev 138:105282

European Environment Agency (EEA) (2021) COVID-19: lessons for
sustainability? Briefing No. 20/2021. https://doi.org/10.2800/
320311

Evans TL (2015) Transdisciplinary collaborations for sustainability
education: Institutional and intragroup challenges and opportuni-
ties. Policy Futures Educ 13(1):70-96. https://doi.org/10.1177/
1478210314566731

Fazey I, Schipke N, Caniglia G, Hodgson A, Kendrick I, Lyon C,
Verveen S (2020) Transforming knowledge systems for life on
Earth: visions of future systems and how to get there. Energy
Res Soc Sci 70:101724

@ Springer


https://doi.org/10.1007/s11625-020-00838-2
https://doi.org/10.1007/s11625-020-00838-2
https://doi.org/10.1007/978-3-031-23535-1_8
https://doi.org/10.1016/j.eist.2021.09.010
https://doi.org/10.1016/j.eist.2021.09.010
https://doi.org/10.1016/j.cosust.2012.01.001
https://doi.org/10.1016/j.cosust.2012.01.001
https://doi.org/10.1016/j.gloenvcha.2021.102422
https://doi.org/10.1016/j.oneear.2022.02.007
https://doi.org/10.1016/j.oneear.2022.02.007
https://doi.org/10.1016/j.jbusres.2022.03.044
https://doi.org/10.1016/j.techfore.2022.121508
https://doi.org/10.1016/j.techfore.2022.121508
https://doi.org/10.1088/1748-9326/ac472f
https://doi.org/10.1146/annurev-environ-012420-043621
https://doi.org/10.1146/annurev-environ-012420-043621
https://doi.org/10.3390/su132011238
https://doi.org/10.3390/su132011238
https://doi.org/10.3390/challe13020064
https://doi.org/10.3390/challe13020064
https://doi.org/10.1016/j.tree.2017.06.014
https://doi.org/10.1017/dsj.2018.16
https://doi.org/10.1177/1464700108086364
https://doi.org/10.1111/risa.14157
https://doi.org/10.5751/ES-11236-240416
https://doi.org/10.1126/science.adf9351
https://doi.org/10.1126/science.adf9351
https://doi.org/10.1007/s11356-023-26982-7
https://doi.org/10.1007/s11356-023-26982-7
https://doi.org/10.1016/j.futures.2022.102999
https://doi.org/10.1016/j.futures.2022.102999
https://doi.org/10.1016/j.ijinfomgt.2022.102542
https://doi.org/10.1136/bmjgh-2021-006978
https://doi.org/10.1007/s11625-023-01315-2
https://doi.org/10.1007/s11625-020-00813-x
https://doi.org/10.1007/s11625-020-00813-x
https://doi.org/10.1016/j.ecolecon.2019.106490
https://doi.org/10.2800/320311
https://doi.org/10.2800/320311
https://doi.org/10.1177/1478210314566731
https://doi.org/10.1177/1478210314566731

14

Sustainability Science (2025) 20:1-19

Fedele G, Donatti CI, Harvey C, Hannah L, Hole D (2019) Trans-
formative adaptation to climate change for sustainable social-
ecological systems. Environ Sci Policy 101:116—-125. https://doi.
org/10.1016/j.envsci.2019.07.001

Folke C, Hahn T, Olsson P, Norberg J (2005) Adaptive govern-
ance of social-ecological systems. Annu Rev Environ Resour
30(1):441-473

Folke C, Biggs R, Norstrom AV, Reyers B, Rockstrom J (2016) Social-
ecological resilience and biosphere-based sustainability science.
Ecol Soc 21(3)

Folke C, Polasky S, Rockstrom J et al (2021) Our future in the Anthro-
pocene biosphere. Ambio 50:834—869. https://doi.org/10.1007/
s13280-021-01544-8

Fougeres D, Jones M, McElwee PD, Andrade A, Edwards SR (2022)
Transformative conservation of ecosystems. Glob Sustain 5:e5.
https://doi.org/10.1017/sus.2022.4

FuB, LiuY, LiY, Wang C, Li C, Jiang W, Hua T, Zhao W (2021) The
research priorities of Resources and Environmental Sciences.
Geogr Sustain 2(2):87-94. https://doi.org/10.1016/j.geosus.2021.
04.001

Funtowicz SO, Ravetz JR (1994) Uncertainty, complexity and post-nor-
mal science. Environ Toxicol Chem 13(12):1881-1885. https://
doi.org/10.1002/etc.5620131203

Galaz V, Centeno MA, Callahan PW et al (2021) Artificial intelli-
gence, systemic risks, and sustainability. Technol Soc 67:101741.
https://doi.org/10.1016/j.techsoc.2021.101741

Garrigés-Simoén F, Sanz-Blas S, Narangajavana Y, Buzova D (2021)
The nexus between big data and sustainability: an analysis of
current trends and developments. Sustainability 13(12):6632.
https://doi.org/10.3390/su13126632

Gasper D, Shah A, Tankha S (2019) The framing of sustainable con-
sumption and production in SDG 12. Glob Policy 10:83-95.
https://doi.org/10.1111/1758-5899.12592

Gaziulusoy I, Erdogan Oztekin E (2019) Design for sustainability
transitions: origins, attitudes and future directions. Sustainability
11(13):3601. https://doi.org/10.3390/sul1133601

Gibbons L (2020) Regenerative—the new sustainable? Sustainability
12:5483. https://doi.org/10.3390/su12135483

Gielen D, Boshell F, Saygin D, Bazilian MD, Wagner N, Gorini R
(2019) The role of renewable energy in the global energy trans-
formation. Energy Strat Rev 24:38-50. https://doi.org/10.1016/j.
es1.2019.01.006

Gomes Junior ADA, Schramm VB, Schramm F (2023) Problem struc-
turing methods in social-ecological systems. Syst Pract Act Res
36(3):461-478

Goémez ME, Giordano R, Pagano A, van der Keur P, Méiiez Costa M
(2020) Using a system thinking approach to assess the contribu-
tion of nature-based solutions to sustainable development goals.
Sci Total Environ 738:139693. https://doi.org/10.1016/].scito
tenv.2020.139693

Goralski MA, Tan TK (2023) Artificial intelligence: poverty allevia-
tion, healthcare, education, and reduced inequalities in a post-
COVID world. the Ethics of artificial intelligence for the sus-
tainable development goals. Springer International Publishing,
Cham, pp 97-113

Gram-Hanssen I, Schafenacker N, Bentz J (2022) Decolonizing trans-
formations through “right relations.” Sustain Sci 17:673-685.
https://doi.org/10.1007/s11625-021-00960-9

Graziano M, De Groot GS, Pilato LD, Sanchez ML, Izaguirre I,
Pizarro HN (2019) Fostering urban transformations in Latin
America: lessons around the ecological management of an
urban stream in co-production with a social movement (Buenos
Aires, Argentina). Ecol Soc 24(4):13. https://doi.org/10.5751/
ES-11226-240413

@ Springer

Gulsrud N et al (2018) “Rage against the machine”? The opportunities
and risks concerning the automation of urban green infrastruc-
ture. Landsc Urban Plan 180:85-92. https://doi.org/10.1016/j.
landurbplan.2018.08.012

Gupta J, Liverman D, Prodani K et al (2023) Earth system justice
needed to identify and live within Earth system bounda-
ries. Nat Sustain 6:630-638. https://doi.org/10.1038/
$41893-023-01064-12

Haider LJ, Hentati-Sundberg J, Giusti M et al (2018) The undiscipli-
nary journey: early-career perspectives in sustainability science.
Sustain Sci 13:191-204

Haldon J, Eisenberg M, Mordechai L et al (2020) Lessons from the
past, policies for the future: resilience and sustainability in past
crises. Environ Syst Decis 40:287-297. https://doi.org/10.1007/
$10669-020-09778-9

Hamann M, Berry K, Chaigneau T et al (2018) Inequality and the
biosphere. Annu Rev Environ Resour 43:61-83. https://doi.org/
10.1146/annurev-environ-102017-025949

Hardt L, O’Neill D (2017) Ecological macroeconomic models: assess-
ing current developments. Ecol Econ 134:198-211

Herrera AH, Toro-Manriquez MDR, Lorenzo C, Lencinas MV, Mar-
tinez Pastur G (2023) Perspectives on socio-ecological studies
in the Northern and Southern Hemispheres. Humanit Soc Sci
Commun 10(1):66. https://doi.org/10.1057/s41599-023-01545-w

Hoffmann S, Deutsch L, Klein JT (2022) Integrate the integrators! A
call for establishing academic careers for integration experts.
Humanit Soc Sci Commun 9(1):1-10. https://doi.org/10.1057/
$41599-022-01138-z

Holsgens R et al (2023) Transdisciplinary research along the logic of
empowerment: perspectives from four urban and regional trans-
formation projects. Sustainability 15(5):4599. https://doi.org/10.
3390/su15054599

Hopster J (2019) The speciesism debate: intuition, method, and empiri-
cal advances. Animals. https://doi.org/10.3390/ani9121054

Horbacauskiene J (2019). Sustainable education methods. In: Encyclo-
pedia of sustainability in higher education. Springer. https://doi.
org/10.1007/978-3-030-11352-0_113

Horlings LG, Nieto-Romero M, Pisters S et al (2020) Operational-
izing transformative sustainability science through place-based
research: the role of researchers. Sustain Sci 15:467—484. https://
doi.org/10.1007/s11625-019-00757-x

Hurlimann A, Beilin R, March A (2023) “Rethinking the way we
practice our professions”: social-ecological resilience for built
environment professionals. J Furth High Educ 47(1):118-133

[IPBES] Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (2019) Summary for policymakers of
the global assessment report on biodiversity and ecosystem
services. Diaz S, Settele J, Brondizio ES, Ngo HT, Gueéze M,
Agard J, Arneth A, Balvanera P, Brauman KA, Butchart SHM,
Chan KMA, Garibaldi LA, Ichii K, Liu J, Subramanian SM,
Midgle GF, Miloslavich P, Molnér Z, Obura D, Pfaff A, Polasky
S, Purvis A, Razzaque J, Reyers B, Roy Chowdhury R, Shin YJ,
Visseren-Hamakers 1J, Willis KJ, and Zayas CN, eds. IPBES
secretariat, Bonn, p 56

Isacs L, Kenter JO, Wetterstrand H, Katzeff C (2023) What does value
pluralism mean in practice? An empirical demonstration from
a deliberative valuation. People Nat 5:384—-402. https://doi.org/
10.1002/pan3.10324

Ives C, Freeth R, Fischer J (2020) Inside-out sustainability: the neglect
of inner worlds. Ambio 49:208-217. https://doi.org/10.1007/
$13280-019-01187-w

Jacob D, Birkmann J, Bollig M et al (2022) Research priorities for
sustainability science. German Committee Future Earth

Joaquin JIB, Biana HT (2020) Sustainability science is ethics: bridg-
ing the philosophical gap between science and policy. Resour


https://doi.org/10.1016/j.envsci.2019.07.001
https://doi.org/10.1016/j.envsci.2019.07.001
https://doi.org/10.1007/s13280-021-01544-8
https://doi.org/10.1007/s13280-021-01544-8
https://doi.org/10.1017/sus.2022.4
https://doi.org/10.1016/j.geosus.2021.04.001
https://doi.org/10.1016/j.geosus.2021.04.001
https://doi.org/10.1002/etc.5620131203
https://doi.org/10.1002/etc.5620131203
https://doi.org/10.1016/j.techsoc.2021.101741
https://doi.org/10.3390/su13126632
https://doi.org/10.1111/1758-5899.12592
https://doi.org/10.3390/su11133601
https://doi.org/10.3390/su12135483
https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.1016/j.scitotenv.2020.139693
https://doi.org/10.1016/j.scitotenv.2020.139693
https://doi.org/10.1007/s11625-021-00960-9
https://doi.org/10.5751/ES-11226-240413
https://doi.org/10.5751/ES-11226-240413
https://doi.org/10.1016/j.landurbplan.2018.08.012
https://doi.org/10.1016/j.landurbplan.2018.08.012
https://doi.org/10.1038/s41893-023-01064-12
https://doi.org/10.1038/s41893-023-01064-12
https://doi.org/10.1007/s10669-020-09778-9
https://doi.org/10.1007/s10669-020-09778-9
https://doi.org/10.1146/annurev-environ-102017-025949
https://doi.org/10.1146/annurev-environ-102017-025949
https://doi.org/10.1057/s41599-023-01545-w
https://doi.org/10.1057/s41599-022-01138-z
https://doi.org/10.1057/s41599-022-01138-z
https://doi.org/10.3390/su15054599
https://doi.org/10.3390/su15054599
https://doi.org/10.3390/ani9121054
https://doi.org/10.1007/978-3-030-11352-0_113
https://doi.org/10.1007/978-3-030-11352-0_113
https://doi.org/10.1007/s11625-019-00757-x
https://doi.org/10.1007/s11625-019-00757-x
https://doi.org/10.1002/pan3.10324
https://doi.org/10.1002/pan3.10324
https://doi.org/10.1007/s13280-019-01187-w
https://doi.org/10.1007/s13280-019-01187-w

Sustainability Science (2025) 20:1-19

15

Conserv Recycl 160:104929. https://doi.org/10.1016/j.resconrec.
2020.104929

Jones L, Hameiri S (2022) Explaining the failure of global health gov-
ernance during COVID-19. Int Aff 98(6):2057-2076. https://doi.
org/10.1093/ia/iiac231

Kadykalo A, Beaudoin C, Hackenburg D, Young N, Cooke S (2022)
Social-ecological systems approaches are essential for under-
standing and responding to the complex impacts of COVID-
19 on people and the environment. PLOS Sustain Transform
1(4):e0000006

Kaijser A, Kronsell A (2014) Climate change through the lens of
intersectionality. Environ Polit 23(3):417-433. https://doi.org/
10.1080/09644016.2013.835203

Kapsar KE, Hovis CL, Bicudo da Silva RF et al (2019) Telecoupling
research: the first five years. Sustainability 11(4):1033. https://
doi.org/10.3390/sul11041033

Kates RW, Clark WC, Corell R et al (2001) Sustainability science.
Science 292(5517):641-642

Kaul S, Akbulut B, Demaria F, Gerber JF (2022) Alternatives to sus-
tainable development: what can we learn from the pluriverse in
practice? Sustain Sci 17:1149-1158

Kazancoglu I, Ozbiltekin-Pala M, Mangla SK et al (2023) Using
emerging technologies to improve the sustainability and resil-
ience of supply chains in a fuzzy environment in the context of
COVID-19. Ann Oper Res 322:217-240. https://doi.org/10.1007/
$10479-022-04775-4

Kendal E (2022) Ethical, legal and social implications of emerging
technology (ELSIET) symposium. J Bioeth Inq 19(3):363-370.
https://doi.org/10.1007/s11673-022-10197-5

Kenter J, O’Connor S (2022) The life framework of values and living
as nature; towards a full recognition of holistic and relational
ontologies. Sustain Sci 17:2529-2542. https://doi.org/10.1007/
s11625-022-01159-2

Kenter JO, Hyde T, Christie M, Fazey I (2011) The importance of
deliberation in valuing ecosystem services in developing coun-
tries—evidence from the Solomon Islands. Glob Environ Change
21:505-521. https://doi.org/10.1016/j.gloenvcha.2011.01.001

Kenter JO, Bryce R, Christie M et al (2016) Shared values and delib-
erative valuation: Future directions. Ecosyst Serv 21:358-371.
https://doi.org/10.1016/j.ecoser.2016.10.006

Kenter JO, Raymond CM, Van Riper CJ et al (2019) Loving the mess:
navigating diversity and conflict in social values for sustain-
ability. Sustain Sci 14:1439-1461. https://doi.org/10.1007/
s11625-019-00726-4

Kiatkoski Kim M, Douglas MM, Pannell D et al (2022) When to Use
Transdisciplinary Approaches for Environmental Research.
Front Environ Sci 10:840569. https://doi.org/10.3389/fenvs.
2022.840569

Kim R, Kotzé L (2021) Planetary boundaries at the intersection of
Earth system law, science and governance: a state-of-the-art
review. Rev Eur Comp Int Environ Law 30(1):3-15

Kioupi V, Voulvoulis N (2019) Education for sustainable development:
a systemic framework for connecting the SDGs to educational
outcomes. Sustainability 11(21):6104. https://doi.org/10.3390/
sul1216104

Kliskey A, Williams P, Trammell EJ et al (2023) Building trust, build-
ing futures: knowledge co-production as a relationship, design,
and process in transdisciplinary science. Front Environ Sci
11:137

Knapp CN, Reid RS, Fernandez-Giménez ME et al (2019) Placing
transdisciplinarity in context: a review of approaches to connect
scholars, society and action. Sustainability 11(18):4899. https://
doi.org/10.3390/sul1184899

Kumar R, Roy P (2018) War and peace: is our world serious about
achieving Sustainable Development Goals by 2030? J Fam Med

Prim Care 7(6):1153-1156. https://doi.org/10.4103/jfmpc.jfmpc_
231_18

Laimon M, Yusaf T, Mai T et al (2022) A systems thinking approach to
address sustainability challenges in the energy sector. Int ] Ther-
mofluids 15:100161. https://doi.org/10.1016/].ijft.2022.100161

Lang DJ, Wiek A (2022) Structuring and advancing solution-oriented
research for sustainability. Ambio 51(1):31-35. https://doi.org/
10.1007/s13280-021-01537-7

Leach M, Reyers B, Bai X et al (2018) Equity and sustainability in the
Anthropocene: a social-ecological systems perspective on their
intertwined futures. Glob Sustain 1:e13

Leal Filho W, Wolf F, Lange Salvia A et al (2020) Heading towards
an unsustainable world: some of the implications of not achiev-
ing the SDGs. Discov Sustain 1:1-11. https://doi.org/10.1007/
$43621-020-00002-x

Leal Filho W, Kovaleva M, Tsani S et al (2022) Promoting gender
equality across the sustainable development goals. Environ Dev
Sustain. https://doi.org/10.1007/s10668-022-02656-1

Leal Filho W, Trevisan LV, Rampasso IS et al (2023) When the alarm
bells ring: why the UN sustainable development goals may not
be achieved by 2030. J Clean Prod. https://doi.org/10.1016/j.jclep
10.2023.137108

Lebel L, Manuta JB, Garden P (2011) Institutional traps and vulner-
ability to changes in climate and flood regimes in Thailand. Reg
Environ Change 11:45-58

Lenton T, Benson S, Smith T et al (2022) Operationalizing positive
tipping points towards global sustainability. Glob Sustain 5:E1.
https://doi.org/10.1017/sus.2021.30

Lenzen M, Li M, Malik A et al (2020) Global socio-economic losses
and environmental gains from the Coronavirus pandemic. PLoS
ONE 15(7):e0235654. https://doi.org/10.1371/journal.pone.
0235654

Li T, Wang K, Sueyoshi T, Wang D (2021) ESG: Research progress
and future prospects. Sustainability 13(21):11663

Little JC, Hester ET, Elsawah S et al (2019) A tiered, system-of-sys-
tems modeling framework for resolving complex socio-environ-
mental policy issues. Environ Model Softw 112:82-94. https://
doi.org/10.1016/j.envsoft.2018.11.011

Liu J (2023) Leveraging the metacoupling framework for sustainabil-
ity science and global sustainable development. Natl Sci Rev
10(7):nwad090. https://doi.org/10.1093/nsr/nwad090

Liu J, Mooney H, Hull V et al (2015) Systems integration for global
sustainability. Science 347(6225):963. https://doi.org/10.1126/
science.1258832

LiuZ, Ye C, Chen R, Zhao S (2021) Where are the frontiers of sustain-
ability research? An overview based on Web of Science Database
in 2013-2019. Habitat Int 116:102419. https://doi.org/10.1016/].
habitatint.2021.102419

Liu J, Watabe Y, Goto T (2022) Integrating sustainability themes for
enhancing interdisciplinarity: a case study of a comprehensive
research university in Japan. Asia Pac Educ Rev 23:695-710.
https://doi.org/10.1007/s12564-022-09788-z

Liu F, Dai E, Yin J (2023) A review of social-ecological sys-
tem research and geographical applications. Sustainability
15(8):6930

Malesevi¢ S (2022) Explosive conflict: time-dynamics of violence
[review of the book explosive conflict: time-dynamics of vio-
lence by R. Collins]. Society, (6). Routledge

Martin-Lépez B, Balvanera P, Manson R et al (2020) Contributions of
place-based social-ecological research to address global sustain-
ability challenges. Glob Sustain 3:e21. https://doi.org/10.1017/
sus.2020.18

McPhearson T, Cook EM, Berbés-Blazquez M, Cheng C, Grimm NB,
Andersson E, Barbosa O, Chandler DG, Chang H, Chester MV,
Childers DL, Elser SR, Frantzeskaki N, Grabowski Z, Groffman
P, Hale RL, Iwaniec DM, Kabisch N, Kennedy C, Troxler TG

@ Springer


https://doi.org/10.1016/j.resconrec.2020.104929
https://doi.org/10.1016/j.resconrec.2020.104929
https://doi.org/10.1093/ia/iiac231
https://doi.org/10.1093/ia/iiac231
https://doi.org/10.1080/09644016.2013.835203
https://doi.org/10.1080/09644016.2013.835203
https://doi.org/10.3390/su11041033
https://doi.org/10.3390/su11041033
https://doi.org/10.1007/s10479-022-04775-4
https://doi.org/10.1007/s10479-022-04775-4
https://doi.org/10.1007/s11673-022-10197-5
https://doi.org/10.1007/s11625-022-01159-2
https://doi.org/10.1007/s11625-022-01159-2
https://doi.org/10.1016/j.gloenvcha.2011.01.001
https://doi.org/10.1016/j.ecoser.2016.10.006
https://doi.org/10.1007/s11625-019-00726-4
https://doi.org/10.1007/s11625-019-00726-4
https://doi.org/10.3389/fenvs.2022.840569
https://doi.org/10.3389/fenvs.2022.840569
https://doi.org/10.3390/su11216104
https://doi.org/10.3390/su11216104
https://doi.org/10.3390/su11184899
https://doi.org/10.3390/su11184899
https://doi.org/10.4103/jfmpc.jfmpc_231_18
https://doi.org/10.4103/jfmpc.jfmpc_231_18
https://doi.org/10.1016/j.ijft.2022.100161
https://doi.org/10.1007/s13280-021-01537-7
https://doi.org/10.1007/s13280-021-01537-7
https://doi.org/10.1007/s43621-020-00002-x
https://doi.org/10.1007/s43621-020-00002-x
https://doi.org/10.1007/s10668-022-02656-1
https://doi.org/10.1016/j.jclepro.2023.137108
https://doi.org/10.1016/j.jclepro.2023.137108
https://doi.org/10.1017/sus.2021.30
https://doi.org/10.1371/journal.pone.0235654
https://doi.org/10.1371/journal.pone.0235654
https://doi.org/10.1016/j.envsoft.2018.11.011
https://doi.org/10.1016/j.envsoft.2018.11.011
https://doi.org/10.1093/nsr/nwad090
https://doi.org/10.1126/science.1258832
https://doi.org/10.1126/science.1258832
https://doi.org/10.1016/j.habitatint.2021.102419
https://doi.org/10.1016/j.habitatint.2021.102419
https://doi.org/10.1007/s12564-022-09788-z
https://doi.org/10.1017/sus.2020.18
https://doi.org/10.1017/sus.2020.18

Sustainability Science (2025) 20:1-19

(2022) A social-ecological-technological systems framework for
urban ecosystem services. One Earth 5(5):505-518. https://doi.
org/10.1016/j.oneear.2022.04.007

Menton M, Larrea C, Latorre S et al (2020) Environmental justice and
the SDGs: from synergies to gaps and contradictions. Sustain
Sci 15:1621-1636. https://doi.org/10.1007/s11625-020-00789-8

Meyfroidt P et al (2018) Middle-range theories of land system change.
Glob Environ Change 53:52-67. https://doi.org/10.1016/j.gloen
vcha.2018.08.006

Milkoreit M et al (2018) Defining tipping points for social-ecological
systems scholarship—an interdisciplinary literature review.
Environ Res Lett 13:033005. https://doi.org/10.1088/1748-9326/
aaaa’75

Moallemi EA, Malekpour S, Hadjikakou M et al (2020) Achieving the
sustainable development goals requires transdisciplinary innova-
tion at the local scale. One Earth 3(3):300-313. https://doi.org/
10.1016/j.oneear.2020.08.006

Moore M, Milkoreit M (2020) Imagination and transformations to sus-
tainable and just futures. Elementa Sci Anthropocene. https://doi.
org/10.1525/elementa.2020.081

Moran EF, Lopez M (2016) Future directions in human-environment
research. Environ Res 144:1-7. https://doi.org/10.1016/j.envres.
2015.09.019

Mugabe PA, Renkamp TM, Rybak C et al (2022) Governing COVID-
19: analyzing the effects of policy responses on food systems
in Tanzania. Agric Food Secur 11:47. https://doi.org/10.1186/
s40066-022-00383-4

Muller SH, Mostert M, Schillemans T (2022) Learning accountable
governance: challenges and perspectives for data-intensive health
research networks. Big Data Soc. https://doi.org/10.1177/20539
517221136078

Nagatsu M, Davis T, DesRoches CT et al (2020) Philosophy of science
for sustainability science. Sustain Sci 15:1807-1817. https://doi.
org/10.1007/s11625-020-00832-8

Namany S, Al-Ansari T, Govindan R (2019) Sustainable energy, water
and food nexus systems: a focused review of decision-making
tools for efficient resource management and governance. J Clean
Prod 225:610-626

Nash JC (2008) Re-thinking intersectionality. Fem Rev 89(1):1-15.
https://doi.org/10.1057/{r.2008

Nevens F, Frantzeskaki N, Gorissen L, Loorbach D (2013) Urban
transition labs: co-creating transformative action for sustainable
cities. J Clean Prod 50:111-122. https://doi.org/10.1016/j.jclep
10.2012.12.001

Nilsson M, Chisholm E, Griggs D et al (2018) Mapping interactions
between the sustainable development goals: lessons learned and
ways forward. Sustain Sci 13:1489-1503. https://doi.org/10.
1007/s11625-018-0604-z

O’Connor S, Kenter JO (2019) Making intrinsic values work; integrat-
ing intrinsic values of the more-than-human world through the
life framework of values. Sustain Sci 14:1247-1265. https://doi.
org/10.1007/s11625-019-00715-7

Ordonez-Ponce E (2023) The role of local cultural factors in the
achievement of the sustainable development goals. Sustain Dev
31(2):1122-1134

Osendarp S, Verburg G, Bhutta Z et al (2022) Act now before Ukraine
war plunges millions into malnutrition. Nature 604:620-624.
https://doi.org/10.1038/d41586-022-01076-5

Otto IM et al (2020a) Social tipping dynamics for stabilizing Earth’s
climate by 2050. Proc Natl Acad Sci 117(5):2354-2365. https://
doi.org/10.1073/pnas.1900577117

Otto IM, Donges JF, Cremades R et al (2020b) Social tipping dynam-
ics for stabilising Earth’s climate by 2050. Proc Natl Acad Sci
USA 117:2354-2365

@ Springer

Parrique T (2023) Degrowth. In: Wallenhorst N, Wulf C (eds) Hand-
book of the Anthropocene. Springer, Cham. https://doi.org/10.
1007/978-3-031-25910-4_181

Pascual U, Balvanera P, Anderson CB et al (2023) Diverse values
of nature for sustainability. Nature. https://doi.org/10.1038/
s41586-023-06406-9

Patterson J, Schulz K, VervoortJ et al (2017) Exploring the governance
and politics of transformations towards sustainability. Environ
Innov Soc Trans 24:1-16. https://doi.org/10.1016/j.eist.2016.
09.001

Pereira L, Hichert T, Hamann M, Preiser R, Biggs R (2018) Using
futures methods to create transformative spaces. Ecol Soc 23(1)

Pereira L, Frantzeskaki N, Hebinck A et al (2020a) Transforma-
tive spaces in the making: key lessons from nine cases in the
Global South. Sustain Sci 15:161-178. https://doi.org/10.1007/
s11625-019-00749-x

Pereira LM, Davies KK, Ferrier S et al (2020b) Developing multiscale
and integrative nature—people scenarios using the nature futures
framework. People Nat 2(4):1172-1195. https://doi.org/10.1002/
pan3.10146

Pereira P, Zhao W, Symochko L et al (2022) The Russian-Ukrainian
armed conflict will push back the sustainable development goals.
Geogr Sustain 3(3):277-287. https://doi.org/10.1016/j.geosus.
2022.09.003

Persson D, Erlandsson LK (2014) Ecopation: connecting sustainability,
glocalisation and well-being. J Occup Sci 21(1):12-24. https://
doi.org/10.1080/14427591.2013.867561

Pihkala P (2022) The process of eco-anxiety and ecological grief: a nar-
rative review and a new proposal. Sustainability 14(24):16628.
https://doi.org/10.3390/su142416628

Piscicelli L (2023) The sustainability impact of a digital circular econ-
omy. Curr Opin Environ Sustain 61:101251. https://doi.org/10.
1016/j.cosust.2022.101251

Pohl C, Wuelser G (2019) Methods for Co-production of knowledge
among diverse disciplines and stakeholders. In: Hall KL, Vogel
AL, Crowston K (eds) Strategies for team science success: hand-
book of evidence-based principles for cross-disciplinary science
and practical lessons learned from health researchers. Springer,
pp 115-121. https://doi.org/10.1007/978-3-030-20992-6_8

Pradhan P (2023) A threefold approach to rescue the 2030 agenda
from failing. Natl Sci Rev. https://doi.org/10.1093/nsr/nwad015

Pradhan P, Subedi DR, Khatiwada D, Joshi KK, Kafle S, Chhetri RP,
Dhakal S, Gautam AP, Khatiwada PP, Mainaly J, Onta S, Pandey
VP, Parajuly K, Pokharel S, Satyal P, Singh DR, Talchabhadel R,
Tha R, Thapa BR, Bhuju DR (2021) The COVID-19 pandemic
not only poses challenges, but also opens opportunities for sus-
tainable transformation. Earth’s Future 9(7):e2021EF001996.
https://doi.org/10.1029/2021EF001996

Purvis B, Mao Y, Robinson D (2019) Three pillars of sustainability:
in search of conceptual origins. Sustain Sci 14:681-695. https://
doi.org/10.1007/s11625-018-0627-5

Rammelt CF, Gupta J, Liverman D et al (2023) Impacts of meet-
ing minimum access on critical earth systems amidst the great
inequality. Nat Sustain 6:212-221. https://doi.org/10.1038/
s41893-022-00995-5

Ramos-Mejia M, Franco-Garcia ML, Jauregui-Becker JM (2018)
Sustainability transitions in the developing world: challenges
of socio-technical transformations unfolding in contexts of
poverty. Environ Sci Policy 84:217-223

Ratner BD, Larson AM, Sarmiento Barletti J et al (2022) Multistake-
holder platforms for natural resource governance: lessons from
eight landscape-level cases. Ecol Soc 27(2):2. https://doi.org/
10.5751/ES-13168-270202

Raymond CM, Kenter JO, van Riper CJ, Rawluk A, Kendal D (2019)
Editorial overview: Theoretical traditions in social values for
sustainability. Sustain Sci 14:1173-1185


https://doi.org/10.1016/j.oneear.2022.04.007
https://doi.org/10.1016/j.oneear.2022.04.007
https://doi.org/10.1007/s11625-020-00789-8
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1088/1748-9326/aaaa75
https://doi.org/10.1088/1748-9326/aaaa75
https://doi.org/10.1016/j.oneear.2020.08.006
https://doi.org/10.1016/j.oneear.2020.08.006
https://doi.org/10.1525/elementa.2020.081
https://doi.org/10.1525/elementa.2020.081
https://doi.org/10.1016/j.envres.2015.09.019
https://doi.org/10.1016/j.envres.2015.09.019
https://doi.org/10.1186/s40066-022-00383-4
https://doi.org/10.1186/s40066-022-00383-4
https://doi.org/10.1177/20539517221136078
https://doi.org/10.1177/20539517221136078
https://doi.org/10.1007/s11625-020-00832-8
https://doi.org/10.1007/s11625-020-00832-8
https://doi.org/10.1057/fr.2008
https://doi.org/10.1016/j.jclepro.2012.12.001
https://doi.org/10.1016/j.jclepro.2012.12.001
https://doi.org/10.1007/s11625-018-0604-z
https://doi.org/10.1007/s11625-018-0604-z
https://doi.org/10.1007/s11625-019-00715-7
https://doi.org/10.1007/s11625-019-00715-7
https://doi.org/10.1038/d41586-022-01076-5
https://doi.org/10.1073/pnas.1900577117
https://doi.org/10.1073/pnas.1900577117
https://doi.org/10.1007/978-3-031-25910-4_181
https://doi.org/10.1007/978-3-031-25910-4_181
https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1016/j.eist.2016.09.001
https://doi.org/10.1016/j.eist.2016.09.001
https://doi.org/10.1007/s11625-019-00749-x
https://doi.org/10.1007/s11625-019-00749-x
https://doi.org/10.1002/pan3.10146
https://doi.org/10.1002/pan3.10146
https://doi.org/10.1016/j.geosus.2022.09.003
https://doi.org/10.1016/j.geosus.2022.09.003
https://doi.org/10.1080/14427591.2013.867561
https://doi.org/10.1080/14427591.2013.867561
https://doi.org/10.3390/su142416628
https://doi.org/10.1016/j.cosust.2022.101251
https://doi.org/10.1016/j.cosust.2022.101251
https://doi.org/10.1007/978-3-030-20992-6_8
https://doi.org/10.1093/nsr/nwad015
https://doi.org/10.1029/2021EF001996
https://doi.org/10.1007/s11625-018-0627-5
https://doi.org/10.1007/s11625-018-0627-5
https://doi.org/10.1038/s41893-022-00995-5
https://doi.org/10.1038/s41893-022-00995-5
https://doi.org/10.5751/ES-13168-270202
https://doi.org/10.5751/ES-13168-270202

Sustainability Science (2025) 20:1-19

17

Raymond CM, Cebrian-Piqueras MA, Andersson E, Andrade R, Sch-
nell AA, Romanelli BB, Wiedermann MM (2022) Inclusive
conservation and the post-2020 global biodiversity framework:
tensions and prospects. One Earth 5(3):252-264

Raymond C, Anderson CB, Athayde S, Vatn A, Amin A, Arias-
Arévalo P, Zent E (2023) An inclusive typology for navigating
the diverse values of nature. Curr Opin Environ Sustain (in
press)

Redman A, Wiek A (2021) Competencies for advancing transforma-
tions towards sustainability. Front Educ 6:785163. https://doi.
org/10.3389/feduc.2021.785163

Reyers B, Selig ER (2020) Global targets that reveal the social—
ecological interdependencies of sustainable development.
Nat Ecolo Evol 4(8):1011-1019. https://doi.org/10.1038/
$41559-020-1230-6

Rigolot C (2020) Transdisciplinarity as a discipline and a
way of being: complementarities and creative tensions.
Humanit Soc Sci Commun 7:100. https://doi.org/10.1057/
$41599-020-00598-5

Rockstrom J, Gupta J, Qin D et al (2023) Safe and just Earth sys-
tem boundaries. Nature 619:102—111. https://doi.org/10.1038/
$41586-023-06083-8

Ryan K (2016) Incorporating emotional geography into climate change
research: a case study in Londonderry, Vermont, USA. Emot
Space Soc 19:5-12. https://doi.org/10.1016/j.emospa.2016.02.
006

Ryder S, Boone K (2019) Intersectionality and sustainable devel-
opment. In: Leal Filho W, Azul A, Brandli L, Ozuyar P, Wall
T (eds) Gender equality. Encyclopedia of the UN sustainable
development goals. Springer. https://doi.org/10.1007/978-3-319-
70060-1_51-1

Sakti AD, Takeuchi W (2020) A data-intensive approach to address
food sustainability: integrating optic and microwave satellite
imagery for developing long-term global cropping intensity and
sowing month from 2001 to 2015. Sustainability 12(8):3227.
https://doi.org/10.3390/sul12083227

Salomaa A, Juhola S (2020) How to assess sustainability transforma-
tions: a review. Glob Sustain 3:e24. https://doi.org/10.1017/sus.
2020.17

Samuel G, Lucivero F, Somavilla L (2022) The environmental sustain-
ability of digital technologies: Stakeholder practices and perspec-
tives. Sustainability 14(7):3791. https://doi.org/10.3390/sul40
73791

Sandberg M, Tienari J (eds) (2022) Transformative action for sustaina-
ble outcomes: responsible organising, 1st edn. Routledge. https://
doi.org/10.4324/9781003229728

Sarewitz D, Kriebel D, Clapp R, Crumbley C, Hoppin P, Jacobs M,
Tickner J (2012) The sustainability solutions agenda. New Solut
22(2):139-151

Sauermann H, Vohland K, Antoniou V et al (2020) Citizen science
and sustainability transitions. Res Policy 49(5):103978. https://
doi.org/10.1016/j.respol.2020.103978

Scheidel A, Temper L, Demaria F, Martinez-Alier J (2018) Ecologi-
cal distribution conflicts as forces for sustainability: an over-
view and conceptual framework. Sustain Sci 13(3):585-598

Schellens MK, Diemer A (2020) Natural resource conflicts: definition
and three frameworks to aid analysis. In: Leal Filho W, Azul
AM, Brandli L, Lange Salvia A, Wall T (eds) Partnerships for the
goals. Encyclopedia of the UN sustainable development goals.
Springer, pp 1-23. https://doi.org/10.1007/978-3-319-71067-9_
81-3

Schliiter M, Caniglia G, Orach K, Bodin O, Magliocca N, Meyfroidt
P, Reyers B (2022) Why care about theories? Innovative ways of
theorizing in sustainability science. Curr Opin Environ Sustain
54:101154. https://doi.org/10.1016/j.cosust.2022.101154

Schneider F, Tribaldos T, Adler C et al (2021) Co-production of knowl-
edge and sustainability transformations: a strategic compass for
global research networks. Curr Opin Environ Sustain 49:127—
142. https://doi.org/10.1016/j.cosust.2021.04.007

Scholz RW, Steiner G (2015) The real type and ideal type of transdis-
ciplinary processes: part II—what constraints and obstacles do
we meet in practice? Sustain Sci 10(4):653-671

Scholz RW, Steiner G (2023) Process ownership in science-practice
collaborations: the special role of transdisciplinary processes in
sustainable transitioning. Sustain Sci 18:1501-1518. https://doi.
org/10.1007/s11625-023-01291-7

Selin H, Selin NE (2023) The human-technical-environmental systems
framework for sustainability analysis. Sustain Sci. https://doi.org/
10.1007/s11625-022-01177-0

Shipley N, van Riper C (2022) Pride and guilt predict pro-environmen-
tal behavior: a meta-analysis of correlational and experimental
evidence. J Environ Psychol 79:101753

Shrivastava P, Stafford Smith M, O’Brien K, Zsolnai L (2020) Trans-
forming sustainability science to generate positive social and
environmental change globally. One Earth 2(4):329-340. https://
doi.org/10.1016/j.oneear.2020.04.010

Solman H, Smits M, van Vliet B, Bush S (2021) Co-production in
the wind energy sector: a systematic literature review of public
engagement beyond invited stakeholder participation. Energy
Res Soc Sci 72:101876

Solomon N, Birhane E, Gordon C, Haile M, Taheri F, Azadi H, Schef-
fran J (2018) Environmental impacts and causes of conflict in the
Horn of Africa: a review. Earth Sci Rev 177:284-290. https://doi.
org/10.1016/j.earscirev.2017.11.016

Sriraman G, Raghunathan S (2023) A systems thinking approach to
improve sustainability in software engineering—a grounded
capability maturity framework. Sustainability 15(11):8766.
https://doi.org/10.3390/sul5118766

Stadelmann-Steffen I, Eder C, Harring N, Spilker G, Katsanidou A
(2021) A framework for social tipping in climate change mitiga-
tion: what we can learn about social tipping dynamics from the
chlorofluorocarbons phase-out. Energy Res Soc Sci 82:102307.
https://doi.org/10.1016/j.erss.2021.102307

Staples K, Fresque-Baxter J, Andrews E, River and Delta Partner-
ship, Steelman T (2021) Mobilizing transdisciplinary sustain-
ability science in place-based communities: evaluating saliency,
legitimacy, and credibility in northern Canada. Environ Chall
5:100314. https://doi.org/10.1016/j.envc.2021.100314

Swartz B, Mishler BD (2022) Speciesism, science, and society. In:
Swartz B, Mishler BD (eds) Speciesism in biology and culture.
Springer. https://doi.org/10.1007/978-3-030-99031-2_1

Switalski M, Fagerholm N, Korpilo S, Juhola S, Kyttd M, Kidyhko N,
McPhearson T, Nollert M, Rinne T, Soininen N, Toivonen T,
Résdnen A, Willberg E, Raymond CM (2021) Harnessing sensing
systems towards urban sustainability transformation. Npj Urban
Sustain 1(1):1-9. https://doi.org/10.1038/s42949-021-00042-w

Takeuchi K, Osamu S, Lahoti S et al (2017) Growing up: 10 years of
publishing sustainability science research. Sustain Sci 12:849-854.
https://doi.org/10.1007/s11625-017-0484-7

Temper L, Demaria F, Scheidel AD, Bene D, Martinez-Alier J (2018) The
Global Environmental Justice Atlas (EJAtlas): ecological distribu-
tion conflicts as forces for sustainability. Sustain Sci 13(3):573-584

Tengo M, Andersson E (2022) Solutions-oriented research for sustain-
ability: turning knowledge into action. Ambio 51:25-30. https://
doi.org/10.1007/s13280-020-01492-9

Tengd M, Austin BJ, Danielsen F (2021) Creating synergies between
citizen science and indigenous and local knowledge. Bioscience
71(5):503-518. https://doi.org/10.1093/biosci/biab023

Thiermann UB, Sheate WR (2021) The way forward in mindfulness and
sustainability: a critical review and research agenda. J Cogn Enhanc
5:118-139

@ Springer


https://doi.org/10.3389/feduc.2021.785163
https://doi.org/10.3389/feduc.2021.785163
https://doi.org/10.1038/s41559-020-1230-6
https://doi.org/10.1038/s41559-020-1230-6
https://doi.org/10.1057/s41599-020-00598-5
https://doi.org/10.1057/s41599-020-00598-5
https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1016/j.emospa.2016.02.006
https://doi.org/10.1016/j.emospa.2016.02.006
https://doi.org/10.1007/978-3-319-70060-1_51-1
https://doi.org/10.1007/978-3-319-70060-1_51-1
https://doi.org/10.3390/su12083227
https://doi.org/10.1017/sus.2020.17
https://doi.org/10.1017/sus.2020.17
https://doi.org/10.3390/su14073791
https://doi.org/10.3390/su14073791
https://doi.org/10.4324/9781003229728
https://doi.org/10.4324/9781003229728
https://doi.org/10.1016/j.respol.2020.103978
https://doi.org/10.1016/j.respol.2020.103978
https://doi.org/10.1007/978-3-319-71067-9_81-3
https://doi.org/10.1007/978-3-319-71067-9_81-3
https://doi.org/10.1016/j.cosust.2022.101154
https://doi.org/10.1016/j.cosust.2021.04.007
https://doi.org/10.1007/s11625-023-01291-7
https://doi.org/10.1007/s11625-023-01291-7
https://doi.org/10.1007/s11625-022-01177-0
https://doi.org/10.1007/s11625-022-01177-0
https://doi.org/10.1016/j.oneear.2020.04.010
https://doi.org/10.1016/j.oneear.2020.04.010
https://doi.org/10.1016/j.earscirev.2017.11.016
https://doi.org/10.1016/j.earscirev.2017.11.016
https://doi.org/10.3390/su15118766
https://doi.org/10.1016/j.erss.2021.102307
https://doi.org/10.1016/j.envc.2021.100314
https://doi.org/10.1007/978-3-030-99031-2_1
https://doi.org/10.1038/s42949-021-00042-w
https://doi.org/10.1007/s11625-017-0484-7
https://doi.org/10.1007/s13280-020-01492-9
https://doi.org/10.1007/s13280-020-01492-9
https://doi.org/10.1093/biosci/biab023

18

Sustainability Science (2025) 20:1-19

Thggersen J, Noblet C (2012) Does green consumerism increase the
acceptance of wind power? Energy Policy 51:854-862. https://
doi.org/10.1016/j.enpol.2012.09.044

Tonne C (2021) Lessons from the COVID-19 pandemic for accelerating
sustainable development. Environ Res 193:110482. https://doi.org/
10.1016/j.envres.2020.110482

UN (2015) The UN sustainable development goals. United Nations, New
York

UN (2019) Independent Group of Scientists appointed by the Secretary-
General, Global Sustainable Development Report 2019: The Future
is Now—Science for Achieving Sustainable Development, United
Nations, New York

UN (2020) The Sustainable Development Goals Report 2020. United
Nations Publications

UN (2022) The environmental impact of the conflict in Ukraine: a pre-
liminary review. Nairobi

Usman Khizar HM, Igbal MJ, Khalid J, Adomako S (2022) Addressing
the conceptualization and measurement challenges of sustainability
orientation: a systematic review and research agenda. ] Bus Res
142:718-743. https://doi.org/10.1016/j.jbusres.2022.01.029

van Kerkhoff L (2014) Developing integrative research for sustainability
science through a complexity principles-based approach. Sustain
Sci 9:143-155

Van Riper CJ, Thiel A, Penker M, Braito M, Landon AC, Thomsen JM,
Tucker CM (2018) Incorporating multilevel values into the social-
ecological systems framework. Ecol Soc 23(3).

Van Riper C, Winkler-Schor S, Foelske L, Keller R, Braito M, Raymond
C, Eriksson M, Golebie E, Johnson D (2019) Integrating multi-
level values and pro-environmental behavior in a US protected area.
Sustain Sci 14:1395-1408

Vinuesa R, Azizpour H, Leite I et al (2020) The role of artificial intel-
ligence in achieving the sustainable development goals. Nat Com-
mun 11:233

Voulvoulis N, Giakoumis T, Hunt C, Kioupi V, Petrou N, Souliotis I,
Vaghela C, binti Wan Rosely WIH (2022) Systems thinking as
a paradigm shift for sustainability transformation. Glob Environ
Change 75:102544

Walsh Z, Bohme J, Wamsler C (2021) Towards a relational paradigm in
sustainability research, practice, and education. Ambio 50:74-84

Wamsler C, Osberg G, Osika W, Herndersson H, Mundaca L (2021)
Linking internal and external transformation for sustainability and
climate action: towards a new research and policy agenda. Glob
Environ Change 71:102373

Waring TM, Kline AM, Brooks JS, Goff SH, Gowdy J, Janssen MA,
Smaldino PE, Jacquet J (2015) A multilevel evolutionary frame-
work for sustainability analysis. Ecol Soc 20(2)

Weitz N, Carlsen H, Nilsson M et al (2018) Towards systemic and con-
textual priority setting for implementing the 2030 Agenda. Sustain
Sci 13:531-548

West S, Haider LJ, Stalhammar S, Woroniecki S (2020) A relational turn
for sustainability science? Relational thinking, leverage points and
transformations. Ecosyst People 16(1):304-325

West S, Boonstra WJ, Quahe S (2024a) Theorizing the “Anthropos” in
the Anthropocene: toward decolonial practices and knowledge

Authors and Affiliations

Mesfin Sahle'?

co-production. In: Sherren K, Thondhlana G, Jackson-Smith D
(eds) Opening windows embracing new perspectives and practices
in natural resource social sciences. Utah State University Press,
Utah, pp 261-270

West S, Haider LJ, Hertz T, Mancilla Garcia M, Moore ML (2024b)
Relational approaches to sustainability transformations: walking
together in a world of many worlds. Ecosyst People 20(1):2370539

Wiedmann T, Lenzen M, KeyBer LT, Steinberger JK (2020) Scientists’
warning on affluence. Nat Commun 11:3107

Wiek A (2007) Challenges of transdisciplinary research as interactive
knowledge generation—experiences from transdisciplinary case
study research. GAIA Ecol Perspect Sci Soc 16(1):52-57(6)

Wiek A, Ness B, Schweizer-Ries P, Brand FS, Farioli F (2012) From
complex systems analysis to transformational change: a compara-
tive appraisal of sustainability science projects. Sustain Sci 7:5-24

Willemen L, Kenter JO, O’Connor S, van Noordwijk M (2023) Nature
living in, from, with, and as people: exploring a mirrored use of the
life framework of values. Curr Opin Environ Sustain 63:101317

Woiwode C, Schipke N, Bina O et al (2021) Inner transformation to
sustainability as a deep leverage point: fostering new avenues for
change through dialogue and reflection. Sustain Sci 16:841-858

Wauelser G, Chesney M, Mayer H et al (2020) Priority themes for Swiss
sustainability research. Swiss Academies Reports 15(5)

Yuan H, Wang X, Gao L, Wang T, Liu B, Fang D, Gao Y (2023) Pro-
gress towards the sustainable development goals has been slowed
by indirect effects of the COVID-19 pandemic. Commun Earth
Environ 4(1):184

Zeigermann U (2021) Scientific knowledge integration and the implemen-
tation of the SDGs: comparing strategies of sustainability networks.
Polit Gov 9(1):164-175

Zelenski JM, Desrochers JE (2021) Can positive and self-transcendent
emotions promote pro-environmental behavior? Curr Opin Psychol
42:31-35

Zelenski J, Warber S, Robinson JM, Logan AC, Prescott SL (2023)
Nature connection: providing a pathway from personal to plan-
etary health. Challenges 14(1):1-23. https://doi.org/10.3390/chall
e14010016

Zhang Y (2023) On the social-ecological systems (SES) diagnostic
approach of the commons: Sharing, cooperation, and maintenance.
PLOS Sustain Transform 2(4):e0000057

Zhao L, Rasoulinezhad E, Sarker T, Taghizadeh-Hesary F (2022) Effects
of COVID-19 on global financial markets: evidence from qualita-
tive research for developed and developing economies. Eur J Dev
Res 35(1):148-166

Ziolo M, Filipiak BZ, Bak I, Cheba K (2019) How to design more sus-
tainable financial systems: the roles of environmental, social, and
governance factors in the decision-making process. Sustainability
11(20):5604

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Shruti Ashish Lahoti' - So-Young Lee’ - Katja Brundiers® - Carena J. van Riper* - Christian Pohl® -
Herlin Chien® - Iris C. Bohnet” - Noé Aguilar-Rivera® - Peter Edwards® - Prajal Pradhan®3* . Tobias Plieninger

10,11

Wiebren Johannes Boonstra'? - Alexander G. Flor'® - Annamaria Di Fabio' - Arnim Scheidel'® - Chris Gordon® .
David J. Abson'’ - Erik Andersson'®1%20 . Federico Demaria?' - Jasper O. Kenter?%23?4. Jeremy Brooks?” -
Joanne Kauffman?é - Maike Hamann?’ - Martin Graziano®® - Nidhi Nagabhatla® - Nobuo Mimura3° .

@ Springer


https://doi.org/10.1016/j.enpol.2012.09.044
https://doi.org/10.1016/j.enpol.2012.09.044
https://doi.org/10.1016/j.envres.2020.110482
https://doi.org/10.1016/j.envres.2020.110482
https://doi.org/10.1016/j.jbusres.2022.01.029
https://doi.org/10.3390/challe14010016
https://doi.org/10.3390/challe14010016
http://orcid.org/0000-0002-2280-9957

Sustainability Science (2025) 20:1-19 19

Nora Fagerholm?' . Patrick O’Farrell? . Osamu Saito'3 - Kazuhiko Takeuchi'>3

> Mesfin Sahle
mesitago @ gmail.com; achemo @iges.or.jp

Institute for Global Environmental Strategies, Kanagawa,
Japan

Department of Natural Resources Management, Wolkite
University, Wolkite, Ethiopia

Faculty of Sustainability, Leuphana University Liineburg,
Leuphana University, Liineburg, Germany

Stockholm Resilience Centre, Stockholm University,
Stockholm, Sweden

Ecosystems and Environment Research Programme,
University of Helsinki, Helsinki, Finland

20 : : :
. R . . Research Unit for Environmental Sciences and Management
3 )
Collegial Rectorate, University of Freiburg, Freiburg, North-West University, Potchefstroom, South Africa
Germany
21 . . .
4 Department of Natural Resources and Environmental gcz?nol of Economics, Universitat de Barcelona, Barcelona,
Sciences, University of Illinois at Urbana-Champaign, p
Champaign, USA 22 Aberystwyth Business School, Aberystwyth University,
E Department of Environmental Systems Science, ETH Zurich, Aberystwyth, UK
Zurich, Switzerland 2 Department of Environment and Geography, University
6 .. . . . of York, York, UK
College of Humanities and Social Sciences, National
Pingtung University of Science and Technology, Neipu, 2% Ecologos Research Ltd, Aberystwyth, UK
Taiwan 25 School of Environment and Natural Resources, The Ohio
7 Faculty of Environmental Sciences, Czech University of Life State University, Columbus, USA
Sciences, Prague, Czech Republic 26 Independent Expert in Sustainability Science, Paris, France
8 . . . . . .
f,ziz(lgl;);nlzl%Z%;zizanf/lﬁézlgunural Sciences, Universidad 27 Centre for Sustainability Transitions, Stellenbosch
> > University, Stellenbosch, South Africa
9 . I . .
E?E\rlgsiatndo?giﬁibigyé Zsriirc:nh}\slzttﬁzlg};g:mgen’ 28 Departamento de Ecologia, Genética y Evoluci6n, Instituto
y gen, £en, de Ecologia, Genética y Evolucion de Buenos Aires
10 Department of Agricultural Economics and Rural (IEGEBA-UBA/CONICET), Facultad de Ciencias Exactas
Development, University of Gottingen, Gottingen, Germany y Naturales, Universidad de Buenos Aires, Buenos Aires,
1 Faculty of Organic Agricultural Sciences, University Argentina
of Kassel, Kassel, Germany 2 The United Nations University Institute on Comparative
12 Department of Earth Sciences, Natural Resources Regional Integration Studies, Brugge, Belgium
and Sustainable Development, Uppsala University, Uppsala, 39 Global and Local Environment Co-Creation Institute, Ibaraki
Sweden University, Ibaraki, Japan
13 Faculty of Information and Communication Studies, 31 Department of Geography and Geology, University of Turku,
University of the Philippines Open University, Los Baios, Turku, Finland
Philippines o) L . . .
Department of Biodiversity and Conservation Biology,
4 Department of Education, Languages, Intercultures, Faculty of Natural Sciences, University of the Western Cape,
Literatures and Psychology (Psychology Section), University Cape Town, South Africa
of Florence, Florence, Italy 3 Institute for Future Initiatives (IFT), The University of Tokyo,
15 Institut de Ciéncia I Tecnologia Ambientals (ICTA-UAB), Tokyo, Japan
Universitat Autonoma de Barcelona, Barcelona, Spain 34

Institute for Environment and Sanitation Studies, University
of Ghana, Accra, Ghana

Climate Resilience: Climate Impacts and Adaptation,
Potsdam Institute of Climate Impact Research (PIK),
Potsdam, Germany

@ Springer



	Revisiting the sustainability science research agenda
	Abstract
	Introduction
	Exploring a future research agenda in sustainability science
	Theme 1: the goals to which sustainability science seeks to contribute
	Sustainable development—looking beyond 2030
	Fostering equity and justice
	Unraveling power dynamics and geopolitical conflicts

	Theme 2: approaches for achieving the sustainability
	Sub-theme 1: innovative theory-based approaches in sustainability science
	Theorizing in sustainability science 
	Systems-oriented frameworks to address complex sustainability challenges 
	Enhancing conceptual clarity in sustainability science for effective operationalization 

	Sub-theme 2: transdisciplinary approaches
	Co-production of knowledge and action for sustainability transformations 
	Place-based transdisciplinary approaches for addressing local and regional challenges 
	Learning from large systemic shocks 

	Sub-theme 3: inner transformations for sustainability

	Theme 3: tools to propel the research forward
	Data-intensive methods for sustainability research and decision-making
	Harnessing emerging technologies for a sustainable future


	Emerging frontiers and the way forward
	Acknowledgements 
	References




