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A B S T R A C T

Transformations of economies, norms and social relations are required to achieve the sustainability of earth 
systems as part of wider sustainability. This Special Issue examines how sustainability transformations are 
shaped by processes, practices, and pathways as sets of collective action. The contributions showcase interdis
ciplinary research, empirical studies, and community engagement with may arguing that such holistic ap
proaches are essential to achieving sustainable transformations. Here we highlight both critical barriers, such as 
economic constraints, political resistance, and justice conflicts, and mechanisms that enable systemic change, 
such as scaling up, institutionalizing sustainability innovations, strengthening multi-level governance, and 
participatory decision-making. Future research requires on understanding the stages and scales of trans
formation, identifying power dynamics and governance structures that enable systemic change, and the 
importance of integrating co-produced knowledge into policymaking.

1. Transformation science

The world needs to transform to ensure a fair and sustainable future 
for both human and non-human systems. This need becomes increas
ingly urgent as global environmental processes are disrupted and eco
systems continue to deteriorate (Rockström et al. 2024). The emergence 
of sustainable and fair grassroots practices generates social solidarity 
and local-level action (Gibson-Graham 2006). Yet it remains unclear 
whether and how these can trigger large-scale shifts towards sustain
ability. Over the past decade, research on transformations to sustain
ability has emerged as a distinct field, bringing together various 
perspectives to address this challenge. In this introductory paper to the 
Special Issue we take stock of this scholarship to highlight three aspects 
of knowledge building: social embeddedness, analytical and theoretical 
plurality, and the co-generation of knowledge.

Sustainability research has shifted from a primarily technical- 
oriented approach to a more socially embedded perspective. Criticisms 
by social scientists pointed out to the absence of societal and political 

contextualization in earlier sustainability problematization, which 
limited the understanding of structural challenges and the development 
of effective sustainable solutions (e.g., Moser et al. 2018). This shift has 
led to the development of integrative conceptual frameworks, posi
tioning transformations within social relations, power structures, and 
governance structures. Such focus on power relations has contributed to 
identify key contrasts among theoretical streams (Scoones, 2016) and to 
set the stage for interdisciplinary collaborations across multiple social 
science domains e.g. (Leach et al., 2010).

There is a greater recognition of the theoretical underpinning of how 
transformations occur. Many common theories of social change focus on 
diffusion as a starting point. These conform to biological and evolu
tionary ideas of change – localized advantages of incremental change for 
individuals through innovation subsequently being adopted by others 
and diffusing through populations – in similar ways that pathogens and 
others spread. These are captured in ideas of social contagion, tipping 
points (both negative and positive), evolution of social norms, and the 
diffusion of technologies through transitions in consumption and 
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production systems (Geels et al., 2023, (Sharpe and Lenton, 2021)). A 
parallel set of theories sees conflict between actors, rather than 
mimicking, as the principal source of innovation and change. Such 
structuralist theories focus on uneven power relations as brakes on 
progress, with demographic change, technological progress and spatial 
reorganization as mechanisms that promote conflict between groups and 
ultimately lead to change (Harvey, 1996). Both conflict-oriented and 
evolutionary theories underpin contemporary transformative research −
sometimes knowingly, sometimes less so.

The theoretical shift to explaining transformation has extended the 
analytical focus of sustainability research itself (Clark and Harley, 2020) 
incorporating in-depth and ethnographic research methods and groun
ded theory to explain how transformation emerges and unfolds in 
everyday practices (Fisher et al., 2021). This perspective frequently 
brings power struggles and justice to the center of the transformation 
analysis (Feola et al. 2021; Scoones et al. 2020). A rich array of studies at 
diverse scales revealed the complexity of settings, actors, institutions, 
and power struggles in sustainability pathways, highlighting how ten
sions, contradictions, and contestations shape transformative change 
(Markard et al. 2012; Kivimaa et al. 2021; Geels 2020; and Wamsler 
et al. 2021).

The incorporation of grounded approaches and methods into trans
formation research has deepened transdisciplinary alliances and action 
research. These alliances stem from analyses of how unsustainability is 
driven by injustice (Martínez-Alier, 2023), evolving into horizontal 
collaborations with marginalized actors to co-produce emancipatory 
transformation initiatives towards fair and sustainable futures (Temper 
et al 2018). This knowledge coproduction methodology represents a 
breakthrough in traditional Western academic knowledge production, 
emphasizing the need for an ontological shift in sustainability research. 
In sum, Social Sciences have been instrumental in challenging the 
duality between nature and society (Ghosh 2018) and critiquing eco
nomic growth as a sustainability solution (D’Alisa et al. 2014). Many 
elements of transformation research link academic inquiry with political 
action through the co-production of new values, imaginaries, narratives, 
practices, and institutions from a grassroots viewpoint (Chambers et al., 
2022).

Building on lessons from these theoretical, analytical, and method
ological transformations, this Special Issue offers new insights by 
analyzing real-world cases of transformation processes, practices, and 
pathways. The papers provide theoretically informed, empirically 
grounded studies that closely examine the behaviors and convictions of 
contemporary actors shaping sustainability transformations. Despite 
their diversity, all contributions engage with three critical domains of 
transformation research: radically altered processes, shifting practices 
and the temporal and institutional pathways that drive systemic change. 
While these domains are not explicitly theorized, they provide a 
framework for identifying commonalities and divergences across highly 
distinct contexts.

2. How transformations are structured

Contemporary transformation research, therefore, combines con
cepts, methods, and empirical data from diverse social science disci
plines and research practices to examine sustainability transformation. 
Understanding transformative processes also requires rethinking how 
research is designed, conducted, and communicated. This often involves 
co-production, long-term collaboration with local partners, and close 
engagement throughout the research process.

The studies in this Special Issue explore both opportunities and ob
stacles to transformation across diverse economic and demographic 
contexts. Despite their diversity, these studies share a common focus on 
power and agency within unsustainable structures such as poverty, 
exclusion, elite control, weak state capacity, unjust global economic 
regulations, and political repression. The transformations analyzed span 
transnational mobility, resource governance, commodity expansion, 

territorial rearrangement, climate adaptation, human-wildlife conflict, 
and economic restructuring. They highlight shifts in values, governance, 
social interactions, production schemes, policymaking, knowledge- 
production, and institutional change. To provide analytical clarity, we 
categorize these transformations under processes, practices, and path
ways. Although all cases address all three categories, we highlight one 
aspect emphasized in each article to provide a broad understanding of 
transformative research.

2.1. Processes of transformation

Transformative processes drive systemic changes by altering unsus
tainable power structures, development of new technologies, in
stitutions, social relations, and demographic arrangements. However, 
achieving sustainability requires accelerating dematerialization (Vogel 
et al., 2021) and redistributing resources and their benefits in ways that 
promote fairness and justice (Hickel et al., 2022). To enable such 
transformative shifts, dismantling and replacing entrenched unsustain
able institutional, economic and governance structures is imperative 
(Feola et al., 2021).

Uneven and skewed distribution of power sometimes drive trans
formative processes to right past injustices and intolerable present sit
uations. Van Leeuwen et al. (2023) examine land titling as a mechanism 
to create what they refer to sustainable peace in areas with land-related 
conflicts and violence. Their study shows how land titling can drive 
fundamental political and economic shifts by altering property rights 
and ownership dynamics, in some circumstances promotes more sus
tainable land use, particularly by marginalized groups. Similarly, 
Fletcher et al. (2023) argue that changing the economic structures and 
processes is key to resolving the seemingly intractable tensions between 
wildlife conservation efforts and land-use. The study finds that struc
tural change depends on political will, alongside economic incentives for 
conservation, such as through tourism, and generating a broader social 
consensus on land sparing.

Transformations often seek to overcome structural lock-in. Romero 
et al. (2024) examine alternative pathways, analyzing how power re
lations shape the cattle ranching frontier in Nicaragua, identifying four 
different trajectories conceptualized by local actors. These range from 
socio-technical solutions to more radical disruptions. The study un
derscores the importance of a deeper analysis of plural views and his
torical political economic perspectives in shaping sustainable 
transitions. Londres et al. (2023) focus on decentralization as a key 
governance mechanism to prioritize sustainability at appropriate levels. 
They examine outcomes from local and community-led interventions for 
rural land use in the Amazon, concluding that locally driven institutions 
are more effective at addressing environmental problems by represent
ing local interests and facilitating legitimate, context-specific solutions. 
These examples demonstrate that sustainability transformations are 
fundamentally political struggles over resources, governance, and 
institutional control, requiring fundamental shifts in power distribution 
and cross-scale connections in contextualizing localized transformation 
processes.

2.2. Practices of transformation

Present-day behaviors and societal structures significantly influence 
future sustainability outcomes. Much of the inertia and frustration over 
slow progress in sustainability transformations comes from ingrained 
behaviors within political systems and societal routines. Hence, no 
normative calls for transformation go without highlighting shifts in in
dividual and collective attitudes and values (O’Brien, 2012). Policies 
and cultural frameworks also drive individual motivations, making it 
essential to understand how transformative practices emerge, are 
adopted, and are amplified.

The studies in this Special Issue provide real-world examples of such 
dynamics. Fisher et al. (2023) examine how occupational identity in 
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informal economies, such as small-scale gold mining, marks both indi
vidual behavior and sector-wide management. Their study suggests that 
the socio-economic significance of artisanal gold mining often out
weighs its associated risks or destructive environmental consequences. 
Using the concept of gold lifeways, the authors emphasize the trans
formative power of everyday practices in the context of enduring 
poverty, governmental repression, and labor precarity.

Identity affects every process important to sustainability, from in
dividual consumption through to life-course decisions. Abu et al. (2024)
explore how breaks in identity alter the practices of consumption and 
perceptions of what constitutes a sustainable society. They examine how 
moving from one location to another reformulates individuals’ prior
ities, notions of self, and socio-economic status. Hence, migration is one 
process where habits are discontinued, and identities are remade 
(Gavonel et al. 2021). The concept of transformation as praxis, elabo
rated by Srivastava et al. (2025), indicates that such practices are 
patches of agency in a setting of uncertainty. The authors provide three 
examples of coastal communities navigating highly vulnerable envi
ronments through the co-production of hybrid knowledge, combining 
Indigenous understandings of ecosystem changes and climate impacts 
with science-based risk scenarios. These cases highlight transformation 
practices as a form of resistance by marginalized actors. By changing the 
habitual way of doing things, individuals and collectives increase their 
ability to overcome vulnerabilities and create spaces for innovation and 
autonomy.

2.3. Pathways to transformation

Transformation processes generate new practices, but these alone are 
not sufficient to drive systemic change. Pathways to transformation 
must be understood as both retrospective explanations of where change 
has occurred and forward-looking strategies that enable sustainability. 
Social-ecological systems contain countless variables and elements that 
shape transformation outcomes. However, transformation pathways are 
not limited to technical and environmental dimensions; they also 
encompass institutional arrangements, knowledge democratization, and 
shared sustainability visions that guide change processes.

Pathways, therefore, focus on the shifting towards more sustainable 
and fair processes and practices. This is where the processes and prac
tices of transformation come together, generating the demand for 
change and highlighting the trade-offs and moral dilemmas in imple
menting them.

Research on transformation pathways has largely concentrated on 
constructing sustainable futures. This includes adopting pathways-based 
approaches to address previously overlooked sustainability-related 
questions. All papers have addressed this issue in one way or another; 
we offer a few illustrations here. Gomes et al. (2023), for instance, ex
amines peri-urban areas in India, highlighting how communities must 
adapt to future vulnerabilities. The study emphasizes the necessity of 
cooperation between formal and informal institutions to create sus
tainable water use and livelihood pathways over the next fifteen years. 
The study highlights the importance of local community preferences and 
the need for government intervention for innovation and sustainable 
practices.

Similarly, data-driven approaches have emerged as a critical enabler 
of transformation. Albuquerque et al. (2023) investigates dialogic data 
innovations in flood resilience , illustrating how community-based 
participatory research (CBPR) and collaborative data systems enhance 
flood resilience by integrating scientific data with localized knowledge 
and practices. The study underscores the importance of co-producing 
knowledge to inform and implement effective sustainability solutions 
by engaging communities directly in transdisciplinary alliances in data 
collection and interpretation. This approach aligns with the broader 
view that inclusive and participatory methods are essential in driving 
and sustaining transformative change.

Polzin (2024) explores how visions of sustainable agriculture face 

challenges from entrenched industrial practices in trying to generate 
new visions of sustainable rural economies in Germany. The article 
points to the need to address deep-rooted elements like policy styles, 
expertise, and risk framing that support industrial agriculture, which 
creates a robust socio-political order resistant to change. Stirling et al. 
(2023) examine how different understandings of examples such as urban 
transformation in Kenya and a so-called nuclear renaissance in the UK 
reveal underlying political complexities. Their findings suggest that 
mainstream approaches often oversimplify these complexities, which 
can unintentionally reinforce existing patterns of privilege and power 
structures and contribute to unsustainability. Addressing these chal
lenges requires engaging with the full political depth and scope of 
transformations to avoid the systemic problems they seek to resolve.

3. Transformation as a moving target

Transformation research addresses the mechanisms driving changes 
in societal structures. The materialization of these structures affects 
social organization, as well as technological and cultural practices, 
which challenge unsustainable patterns of routinized procedures and 
behaviors. The complex interplay of their contrasting elements opens 
new transformation pathways. The diversity of knowledge on trans
formation demonstrates that acknowledging the ambiguity of the term 
‘transformation’ necessitates a broad range of methods and data to 
inform a grounded theorization of how change occurs and can be 
facilitated. The articles in this Special Issue show that transformation is a 
moving target that is difficult to pin down. Therefore, any trans
formation analysis remains inherently partial, as it focuses on aspects of 
change. This collection contributes to this debate by structuring trans
formation along three analytical lines − process, practice, and pathways 
− to provide the more explicit contextualization of the transformation 
under analysis. Through these analytical lines, we have identified two 
aspects of transformation that deserve further elaboration − temporality 
and scale – which can help reveal power struggles over time and space.

Understanding transformation as a non-linear process necessitates a 
more explicit treatment of temporality of transformation, defined in 
stages for analytical clarity. The pace of transformations, for example, 
needs better theorization: from gradual (e.g., everyday life trans
formations) to sudden disruptive shifts (e.g., dismantling unstainable 
practices). Analyzing transformation must include an understanding of 
distinct transition stages and the feedback loops that can either accel
erate or hinder progress (Köhler et al. 2019). Likewise, transformation 
research often focuses on consolidation phases, such as the materiali
zation of new structures and social norms, but a process-oriented 
perspective can reveal more nuanced stages of transformation. For 
example, increased visibility, strengthened organization, knowledge 
building, and cooperation can serve as enabling factors in pre- 
transformation stages. Similarly, emergent practices, conceptualized as 
’seeds of transformation,’ can be part of the initial phases of broader 
transformative processes. Even mechanisms of resistance and endurance 
under highly unsustainable power structures can be conceptualized as 
transformative, despite of the absence of a visible shift towards a sus
tainable state.

Similarly, understanding transformation as a multi-scale process 
requires a clearer spatial perspective to reveal scales of change and their 
interconnections, ranging from local to global domains. More clarity on 
which scale of transformation is being analyzed helps address the 
normative prioritization of specific scales and the eventual implications 
of transformative changes at different levels. For example, focusing on 
local transformations necessitates proper contextualization within 
larger-scale structures that can enable, accelerate, and amplify trans
formation, or generate tradeoffs across scales (Lam et al., 2020). 
Examining connectivity, build-up, and rescaling processes can provide 
more robust analytical insights into transformative pathways. Likewise, 
recognizing barriers that hinder or overpower transformation efforts 
allow for a better understanding of the level of control and the stage of 
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transformation processes by revealing uncertainties, vulnerabilities, and 
power structures. Instead of focusing on transformations at a single 
scale, cross-scale connections and rescaling dynamics should be 
emphasized.

4. Conclusions: Transforming research practice

Research on sustainability transformations highlighted here is now 
commonly grounded in interdisciplinary approaches, combining in
sights from diverse fields (from political ecology to science and tech
nology studies, economics and political science) to gain comprehensive 
and holistic explanations of transformation processes. This Special Issue 
highlights the relevance of knowledge co-production in collaboration 
with non-academic knowledge holders. Transdisciplinary research can 
bridge the gap between theory and practice, providing actionable 
knowledge while creating spaces for empowerment and knowledge 
ownership. This aligns with Moser (2024) concept of transformative 
labour, which engages with all stages, dimensions, and scales of 
transformation.

This Special Issue contributes to this fast-growing research field by 
placing power at the center of analyses of transformation processes, 
practices, and pathways in the real world. It addresses the agency 
driving change, as well as the opportunities and tensions therein. Our 
analysis, however, point to the need for an even deeper contextualiza
tion of transformation processes. Research commonly focuses on a 
particular stage and scale, yet is if inherently multi-dimensional 
evolving over time, and facing trade-offs across multiple levels (Cash 
et al. 2006). A more explicit temporal and spatial contextualization of 
the transformation is necessary to acknowledge the eventual implica
tions across scales and stages of transformation.

A key challenge remains the integration of research findings into 
transformative policymaking, which is one of the most urgent yet less 
developed aspects of the field. Many researchers are not actively 
developing tools and frameworks that disrupt established power struc
tures that are often a brake on progress and facilitate the translation of 
co-produced knowledge into the transformative policy design and 
implementation.
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Köhler, J., Geels, F.W., Kern, F., Markard, J., Onsongo, E., Wieczorek, A., Alkemade, F., 
Avelino, F., Bergek, A., Boons, F., Fünfschilling, L., 2019. An agenda for 
sustainability transitions research: State of the art and future directions. Environ. 
Innov. Soc. Trans. 31, 1–32.
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Londres, M., Salk, C., Andersson, K.P., Tengö, M., Brondizio, E.S., Lopes, G.R., Siani, S. 
M., Molina-Garzon, A., Gonzales, T., Montoya, D.R., Futemma, C., 2023. Place-based 
solutions for global social-ecological dilemmas: An analysis of locally grounded, 
diversified, and cross-scalar initiatives in the Amazon. Glob. Environ. Chang. 82, 
102718.

Markard, J., Raven, R., Truffer, B., 2012. Sustainability transitions: An emerging field of 
research and its prospects. Res. Policy 41, 955–967.

Martínez-Alier, J., 2023. Land, water, air and freedom: The making of world movements for 
environmental justice. Edward Elgar.

Moser, S., Moore, S. and Sayer, L. (eds.) 2018. The state of knowledge on social 
transformation to sustainability, Special Issue. Current Opinion in Environmental 
Sustainability 31.

Moser, S., 2024. Transformative labour: The hidden (and not-so-hidden) work of 
transformations to sustainability. Glob. Environ. Chang. 87, 102888.

O’Brien, K., 2012. Global environmental change II: From adaptation to deliberate 
transformation. Prog. Hum. Geogr. 36, 667–676.

Polzin, C., 2024. The role of visions in sustainability transformations: Exploring tensions 
between the Agrarwende vanguard vision and an established sociotechnical 
imaginary of agriculture in Germany. Glob. Environ. Chang. 84, 102800.
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