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1. Title: Assessing participatory governance effectiveness and inclusiveness across church forests and exclosures in northwest Ethiopia
Authors: Ermias Debie
Abstract: This study assesses the perceived participatory governance effectiveness of Ethiopia’s church forests versus state-led exclosure systems using a multidimensional Participatory Governance Effectiveness Index (PGEI) across five dimensions: Participation, Rule Enforcement, Adaptive Governance, Equity and Inclusion, and Legitimacy and Trust. Drawing on mixed-methods data (240 household surveys and participatory observations), church forests scored significantly higher than exclosures across all dimensions (PGEI Mean: 4.07 vs. 1.98; p < 0.001), with the greatest differences in Legitimacy and Trust (+2.33), Equity and Inclusion (+2.27), and Adaptive Governance (+2.25). Women and youth consistently rated governance lower, particularly in participation (F = 62.01, p < 0.001) and enforcement (F = 20.49, p < 0.001), revealing inclusion deficits. The study demonstrates that while cultural traditions provide legitimacy to forest governance, they do not in themselves secure inclusive participation in decision-making. Evidence from church forests and exclosures suggests that integrating customary authority with inclusive practices could offer a more resilient and equitable pathway for forest restoration.
2. Title: A global perspective: quantifying disturbance and reclamation of surface coal mining through remote sensing innovations
Authors: Zhen Yang, Wenrui Tian, Tingting He, He Ren, ... Yuwei Chen
Abstract: Surface coal mining, a primary coal extraction method, is a cornerstone of global energy supply yet poses severe threats to terrestrial ecosystems, including vegetation destruction, soil erosion, and biodiversity loss. Given this dual role, systematically characterizing its disturbance-reclamation spatiotemporal dynamics is scientifically critical and essential to balance global energy needs with long-term environmental sustainability. However, there are no remotely sensed global maps available for quantitative analysis. To address this critical gap, this study innovatively presents the first global-scale characterization of surface coal mining disturbance and reclamation dynamics by integrating Landsat time series data with Google Earth Engine (GEE), generating global maps of surface coal mining disturbances as well as the corresponding disturbance and reclamation years for each disturbed area. Subsequently, based on the acquired data, we calculated map products such as reclamation rates and activity levels. Accuracy verification results show that the proposed method achieves accuracies of 97.9% (±0.9%), 87.9% (±2.6%), 72.7% (±6.0%), and 90.6% (±2.6%) in identifying surface coal mines, disturbance years, reclamation years, and active status, respectively. Our remotely sensed observations indicate that surface coal mining has caused land disturbances covering 10,023.5 km2 globally from 2000 to 2022, among which 3,231.0 km2 has been reclaimed. In terms of comparative analysis, the developed country group exhibits a higher reclamation rate and a lower activity level than the developing country group, while the coal phase-out country group shows a higher reclamation rate and a lower activity level compared with the coal phase-in, established coal user, and coal exporter country groups. These findings highlight the influence of both national energy policies and economic development levels on mining intensity reclamation rates. The results and high-precision datasets fill critical research gaps and provide scientific support for surface coal mine ecological management and policy-making.
3. Title: The effects of self-governance arrangements on the climate change resilience of small-scale fisheries in Mexico
Authors: Xochitl Édua Elías Ilosvay, Sarah Elkin, Sebastian C.A. Ferse, Eréndira Aceves-Bueno, ... Elena Ojea
Abstract: Small-scale fisheries are vital for global livelihoods and food security yet remain highly vulnerable to environmental changes due to marginalization and reliance on natural resources. In contexts where formal governance is weak, small-scale fishers often develop self-governance arrangements (e.g. fishing cooperatives or patron-client relationships) that significantly influence their fishing behavior and resilience to environmental stressors, including climate change. However, evidence on how these social structures impact fishers’ adaptive capacity and responses to climate change impacts remains limited. Using data from 445 surveys across six communities in Nayarit, we examine the role of three self-governance arrangements (fishing cooperatives, patron-client relationships, and independent fishers) in shaping fishers’ responses and adaptive capacity to climate change. Our findings reveal widespread reliance on coping strategies, such as borrowing money and increasing fishing effort, with patrons playing a key role in providing access to economic and material assets. However, patron-client relationships exhibit low social organizational capacity, potentially undermining community cohesion. A multinomial logistic mixed model shows that both patron-client relationships and fishing cooperatives are associated with unsustainable fishing practices as adaptation strategies, suggesting risks of maladaptation. These results highlight the importance of self-governance structures in shaping fishers’ adaptive capacity, showing how different arrangements provide access to distinct economic, social, and institutional assets that influence responses to climate change. As climate impacts intensify, understanding these social structures is crucial to fostering sustainable, climate-resilient practices and safeguarding the livelihoods of coastal communities.
4. Title: Uncovering the climate vulnerability of China’s poverty alleviation frontiers
Authors: Feng Zhao, Lijun Zuo, Yuyu Zhou, Liangzhi You, ... Ran Meng
Abstract: Poverty alleviation is critical for improving social equity and overall development, but ongoing climate change poses a significant threat for such efforts. A clear example is China’s targeted poverty alleviation campaign, which has recently achieved substantial success but is now under increasing climate pressure. Using multi-source geospatial data, we propose a novel framework to map the extent and types of hotspot regions (i.e. frontiers) of China’s poverty alleviation campaign and assess their associated climate vulnerabilities following the IPCC approach. We identify multi-dimensional inequalities in the climate vulnerabilities of different frontiers, regions, and population. The most vulnerable frontiers are livestock and agri-economy frontiers in western China: although they support less than 5% of the low-income population, they disproportionally occupy 50% of the area. In contrast, frontiers related to more spatially concentrated industries (e.g., tourism and other industries), which cover less than 20% of the total area while supporting over 70% of the population, show lower vulnerability. These results reveal the uneven development and climate risk in China’s poor regions and highlight the importance of industry agglomeration in combating poverty and mitigating future risks. Our study paves the way for global monitoring of poverty alleviation hotspots, informing climate adaptation policy-making and helping to prevent climate-induced poverty recurrence.
5. Title: Climate change litigation and intersectionality in climate justice
Authors: Elisabeth Schill, Emilie Greve Pobiega, Joyce Soo, Emily Boyd
Abstract: Climate litigation has been on the rise since the beginning of the century. However, the increased use of intersectionality by plaintiffs to highlight their particular vulnerability to climate change and its impacts remains understudied. This paper provides a review of eleven intersectional climate litigation cases, along with insights from a focus group of key informants, to examine the role of intersectionality in these cases through the lenses of intersectionality, vulnerability, and legal struggles. Particular attention is given to how plaintiffs construct intersectionality and how courts assess it, revealing underlying tensions and bridges between constructivist and materialist understandings of reality. Our findings show a growing presence of identities related to age, cultural background and health in litigation, mostly in cases targeting states and concerning issues of mitigation and adaptation. While our findings highlight shared perspectives between plaintiffs and courts, such as the extensive use of scientific evidence by plaintiffs to support their claims, tensions remain, notably due to the courts’ dismissal of plaintiffs’ intersectional and lived experiences in their assessments. Our study opens new avenues for research, including on decision-making processes, the value of intersectionality in climate litigation, and its legitimacy. By shedding light on the tensions and bridges present in intersectional climate litigation, this paper contributes to broader debates on interdisciplinary struggles, the role of legal and scientific evidence, and the complexity of climate vulnerability.
6. Title: Oil exploration in the Amazon Basin: narratives of disinformation and climate obstruction
Authors: Marina Kuzuyabu, Gustavo Andrey de Almeida Lopes Fernandes
Abstract: It has been documented that the oil and gas sector has been acting strategically to postpone the energy transition using disinformation and specific discursive strategies that discourage and obstruct climate action. Drawing on the contributions of research that has analysed the strategies mobilised in the Global North, this paper focuses on the Amazon, more specifically on the FZA-M−59 block exploration project, which is located 175 km from the city of Oiapoque (Amapá state), in the Amazon River mouth basin. The research set out to first answer how Petrobras has been communicating the FZA-M−59 exploration project, and then to analyse the presence of disinformative approaches and discourses mobilised to postpone and obstruct climate action. Starting from the indication of a lack of dialogue with traditional communities and peoples, the research also set out to answer how the idea of the project reverberates in the territories. The data collected, analysed and interpreted revealed the three predominant frameworks in Petrobras’ communication of the project, and identified the presence of both disinformation and discourses of climate delay. The interviews, in turn, provided evidence of how the project is being presented in Amapá, what the local perceptions of it are and how the justifications being presented align with or diverge from what the local population thinks.
7. Title: Land degradation neutrality in Asia: progress in preventing and reversing land degradation by 2030
Authors: Abiot Molla, Yin Ren, Shudi Zuo, Ijaz Hussain, Yilkal Gebeyehu Mekonnen
Abstract: Land degradation is a significant global environmental challenge that undermines ecosystem services and jeopardizes sustainable development. Robust assessment of degradation status is critical for guiding effective policy interventions. This study assesses the status of Land Degradation Neutrality (LDN) in Asia, utilizing the UN Sustainable Development Goal (SDG) indicator 15.3.1, which encompasses changes in land cover, land productivity, and soil organic carbon. The analysis encompasses 48 Asian countries, covering an area of approximately 31.22 million square kilometers. The results indicate that 25.21% of the land is degraded, with significant regional and country differences. Central Asia has the highest degradation rate at 40.61%, followed by Southern Asia at 25.19% and Eastern Asia at 25.13%. On a national scale, countries such as Armenia, Azerbaijan, Lebanon, and Palestine are experiencing severe land degradation, with rates exceeding 60%. This poses considerable challenges to achieving LDN by 2030. In contrast, Yemen, Saudi Arabia, Oman, and the United Arab Emirates are making notable progress, as their degradation rates are below 9%. Large countries, including China (25.45%), India (25.05%), and Kazakhstan (44.34%), are facing substantial pressure from land degradation. These findings offer an essential foundation for policymakers, development agencies, researchers, and conservation practitioners to create targeted restoration strategies and monitor progress toward achieving LDN goals by 2030 across Asia.
8. Title: Unveiling small-scale tropical forest loss and post-loss recovery in the Congo Basin
Authors: Yihang Zhang, Xiaodong Li, Feng Ling, Xia Wang, ... Peter M. Atkinson
Abstract: Despite containing the world’s second-largest tropical forest, the nuances of forest dynamics in the Congo Basin remain relatively less studied compared to other major tropical regions. While emerging evidence highlights smallholder clearing in the Congo Basin, the dynamic change mechanism of small-scale forest loss (i.e., clearing size ≤ 1.8 ha) and post-disturbance recovery is still not well understood, yet critical for the biodiversity conservation and carbon sequestration. Here, we presented a comprehensive quantification of forest loss and post-loss recovery in the Congo Basin by developing a new small-scale forest change product using all available Landsat and Sentinel-2 records from 2000 to 2021, improving upon previous products of global forest change (GFC) and JRC tropical moist forest (TMF) cover change. We detected extensive, small-scale, fragmented forest loss with an area of 24.54 ± 1.70 Mha and found that 76.5% of the total forest loss belonged to small-scale clearing and 93.6% occurred within 4 km of human settlements. Of the forest loss, only ∼13.21% subsequently experienced high-quality recovery, with greater proximity to human settlements associated with lower recovery. Protected areas decreased the forest loss rate, but the corresponding post-loss recovery was even less than that in non-protected areas, indicating that protected areas are only partially efficient and highlighting the vulnerability and exposure of the vast coverage of non-protected areas. Nevertheless, near-natural recovery of annual forest loss, defined as post-loss forest recovery without any further disturbances following the initial loss, holds the potential to achieve approximately four times greater high-quality canopy-level recovery magnitude (i.e., 50.9%) than the current levels of recovery, which underscores the importance of preventing additional disturbances after forest loss. This research provides essential evidence with which to guide the protection of the primary rainforest and reinforce policies to enhance post-loss recovery.
9. Title: Land titles and deforestation: evidence from Peru’s oil palm sector
Authors: Celeste Gunderson, Jess L’Roe, Lisa Rausch, Clare Sullivan, ... Lisa Naughton-Treves
Abstract: The rapid expansion of oil palm (Elaeis guineensis) production in the Amazon adds urgency to the quest to understand the relationship between land titling initiatives and deforestation. Titling may help slow deforestation used to stake claims to land, but it also could encourage capital intensive commodity agriculture like oil palm by formalizing land rights and reducing the risks of investment. ‘Forest-friendly’ titling regulations, common in Amazonian countries, oblige new owners to conserve forest, but these requirements can easily be dodged if forest is cleared preemptively. To understand the effect of these initiatives, it is important to look closely at both the spatial distribution and temporal sequencing of titling, deforestation, and commodity crop expansion. Using a novel property dataset (n = 6072) and difference-in-difference approach, we analyze how land titling over 20 years in the Amazonian department of Ucayali, Peru influences the timing and extent of deforestation on individual parcels with and without oil palm. We find that 75% of oil palm is planted on titled land, compared to only 30% for other crops. Titling is associated with a small decline in deforestation, regardless of whether there is oil palm, yet properties are largely cleared well before the titling process begins and few oil palm properties retain the 30% forest cover required by Peru’s Forestry Law. Key informants suggest that the profitability of oil palm drives land transactions and creates markets for deforested land, while contradictory regulations and limited resources hinder enforcement of regulations.
10. Title: Integrating climate adaptation and peacebuilding: capacity development in climate and conflict-affected communities
Authors: Luisa Fernanda Bedoya Taborda, Tiffany H. Morrison, Michele L. Barnes
Abstract: Communities living in areas impacted by armed conflict are increasingly vulnerable to climate change. These communities experience forced displacement, destruction of infrastructure, militarisation of land and water access, and movement restrictions that limit their capacity to adapt. Climate change adaptation and peacebuilding interventions focus on building capacities to prepare for and minimise the impacts of climate change and conflict. Yet, these interventions have traditionally been implemented in separate policy and practice sectors, with limited cross-sectoral interaction. This study identifies some of the overlaps between climate change adaptation and peacebuilding and explores ways to integrate these areas to respond to cumulative and reinforcing climate change and conflict impacts. Using a two-stage case study in a region affected by climate change impacts and armed conflict in Colombia, including semi-structured interviews and document analysis, we find that although climate change adaptation and peacebuilding interventions are rarely integrated, they overlap in potentially synergistic ways. We find six major areas of overlap: (1) access to information, (2) education, (3) social networks, (4) employment, (5) environmental management, and (6) healing. We also find two gaps (i.e., areas that were a major focus in one type of intervention but were not present or considered in the other): (1) protection and/or safety and (2) socio-cognitive constructs (e.g., social identity, risk perceptions). Building on these overlaps and gaps, we propose a new synergistic framework to integrate climate change adaptation and peacebuilding. This framework provides novel insights into how to develop adaptation and peacebuilding interventions to prevent reinforcing cycles, whereby conflict increases vulnerability to climate change and climate change increases the risk of violent conflict. We argue that using this framework provides an important step to building resilience and peace, thereby preventing maladaptation and the increase and/or redistribution of vulnerabilities.
11. Title: Evaluating decoupling Evidence: Examining Timeframes, geographic Scales, and planetary boundaries
Authors: Marina Requena-i-Mora, Dan Brockington
Abstract: Plans for green growth require that economies can decouple from material resource use. Previous research into this issue using Material Footprint has found some evidence of absolute decoupling. But the data used were limited, as were the geographical and historical frames within which change was assessed. This study systematically examines methodological biases that may inflate perceived “green growth” success and evaluates decoupling evidence across multiple analytical dimensions to determine whether economic growth can detach from material resource demands.
We analysed Material Footprint data from 105 countries (1970–2022) using a three-stage approach: (1) second-degree-polynomial, nonparametric-kernel, and neural-network models to identify apparent decoupling patterns; (2) panel regressions comparing national trajectories with lower-income nations and sustainability-limit scenarios; and (3) historical reconstruction analysis extending the UK’s Material Footprint back to 1875 to examine long-term trends.
Stage 1 identified 25 countries demonstrating apparent GDP-material use decoupling during 1970–2022. However, Stage 2 panel analysis revealed that focusing on individual countries in isolation systematically overstates decoupling achievements when trajectories are compared against sustainability-limit scenarios and international benchmarks. Year-by-year regressions consistently showed positive quadratic coefficients indicating accelerating resource use at higher income levels throughout the entire period. Stage 3 demonstrated that the UK’s recent apparent decoupling represents temporary fluctuations rather than structural change, with 147 years of data showing persistent long-term growth in resource consumption relative to GDP.
This study demonstrates that methodological choices—particularly short timeframes, geographic isolation, and absence of sustainability-limits—create systematic biases that misrepresent unsustainable change as progress. Our findings challenge green growth narratives by showing that apparent decoupling success recede when examined more critically. Our findings mean that, longer historical perspectives and explicit integration of sustainability limits are required to evaluate economic-environmental relationships.
12. Title: Farm workers and the structural basis of climate change perceptions
Authors: Cody Mortell, Anna Erwin, Zhao Ma, Dongkyu Kim, ... Marla Perez-Lugo
Abstract: Farm workers are particularly vulnerable to climate change, especially from extreme heat; however, little is known about how they perceive this risk. This study examines climate change perceptions (CCP) among 404 farm workers surveyed in person in the Lower Rio Grande Valley, Texas from April to May 2024. Guided by Pierre Bourdieu’s theory of practice, we conducted a latent class analysis of economic, cultural, social, and symbolic capital indicators to identify distinct class profiles. We then assessed CCP by latent profile, using two primary outcome variables: (1) perceived temperature trends in the region (assessed alongside NOAA data) and (2) perceived seriousness of climate change as a personal threat. A third item, self-reported knowledge of climate change, was also included to assess general awareness and its potential influence on these perceptions. We identified three distinct class profiles based on their predicted probability of possessing capital indicators. While all profiles reported similar levels of climate knowledge, those with more resources were significantly more likely to recognize rising temperature trends and feel personally threatened by climate change. Interpreted through Bourdieu, these findings support that farm workers’ CCP are: not straightforward reflections of awareness; coconstituted with social position; and part of a logic of practice that reinforces social reproduction. In short, for farm workers in the most precarious positions, the tendency not to view climate change as a serious threat may reflect an internalization of environmental hardship as an inevitable part of daily life. We conclude by discussing implications for risk communication and adaptation.
13. Title: Achieving carbon neutrality in China via carbon capture and storage with onshore-offshore geological storage
Authors: Xin Wen, Zezheng Li, Yu Liu
Abstract: Carbon capture and storage (CCS) is a key mitigation technology for achieving China’s carbon neutrality target, yet the uneven distribution of onshore geological storage resources constrains its large-scale deployment, highlighting the urgency of developing offshore geological storage. This study links a source-sink matching model with Global Change Analysis Model-China (GCAM-China) to achieve, for the first time, plant-level CCS abatement cost characterization integrating both onshore and offshore geological storage within an integrated assessment model (IAM) framework. Based on this, we evaluates the impact of offshore geological storage on China’s pathway toward carbon neutrality. Key findings are as follows: (1) Offshore geological storage increases cumulative CCS mitigation from 54 to 57 Gt CO2 and lowers national mitigation costs from 19.1 to 18.6 trillion USD by enabling major coastal expansions in CCS deployment through reduced CO2 transport and storage costs. (2) Offshore geological storage raises feasible fossil energy use under the carbon neutrality target, increasing the fossil share in primary energy by 0.3% in 2060. Accordingly, fossil fuel consumption in the industrial, transport, and buildings sectors rises by 1.7%, 2.5%, and 0.9%, respectively. (3) Offshore geological storage narrows mitigation cost differences across uncertainty scenarios, reducing the variation in cumulative mitigation costs during 2025 to 2060 by 25.1% compared with scenarios relying solely on onshore geological storage. This reduction in variability mitigates long-term uncertainty risks and enhances the robustness of China’s decarbonization pathway. Overall, our findings highlight the critical role of offshore geological storage in supporting China’s carbon neutrality goal and provide scientific basis for formulating regional CCS development strategies.
14. Title: Mapping the geography of livestock systems in South America’s dry diagonal
Authors: Jamie Burton, Pedro David Fernández, Micaela Camino, María Soledad Andrade-Díaz, ... Tobias Kuemmerle
Abstract: Livestock production is a major driver of global environmental change, contributing to greenhouse gas emissions and biodiversity loss, primarily through the conversion of tropical forests to pasture. Yet, livestock occur in diverse production systems, each with unique impacts depending on the social-ecological context in which they are embedded. While understanding the spatial distribution of different livestock systems is crucial for sustainability planning, this geography remains unmapped for many regions, leaving policymakers and researchers with a critical data gap. Here, we use largely untapped spatial datasets on livestock, including vaccination, registers, and transaction data, and apply active learning and decision trees to classify and map major livestock systems at scale. We demonstrate our approach for the 4.2 million km2 Dry Diagonal covering the Caatinga, Cerrado, Chiquitano, and Chaco ecoregions across parts of Argentina, Bolivia, and Brazil, which are global hotspots for livestock production and deforestation. Three main findings emerge. First, we identified eleven distinct livestock systems across the South American Dry Diagonal, encompassing pastoralists, small-scale, and capitalized systems. Second, analysing the spatial determinants of these livestock systems revealed small-scale and pastoralist systems’ association with arid, less productive areas, highlighting their adaptive capacity as well as marginalization. Third, mapping livestock systems revealed a clear spatial segregation of production models: large-scale, capitalized systems dominate the Cerrado and Humid Chaco, while small-scale and pastoralist systems are concentrated in the more arid Dry Chaco and Caatinga. This reflects historical land-use patterns, institutional factors, and local social-ecological conditions. Together, the diverse patterns of livestock production we uncover highlight the need for targeted, context-sensitive land and livestock management strategies in tropical dry woodlands.
15. Title: Machine learning reveals insufficient carbon capture storage deployment to meet climate goals
Authors: Xiyu Li, Yixin Sun, Yun Tang, Houcheng Peng, Hongbo Duan
Abstract: Carbon capture and storage (CCS) is widely expected to play a critical role in long-term climate mitigation. However, its capacity for delivering the expected contributions to climate goals remains uncertain. Here, we combine a machine learning model trained on 44 historical technology datasets from 1900 to 2024 with an IAM framework to evaluate the adequacy of CCS capacity in meeting the Paris Agreement’s goals. Our findings show that global CCS capacity may reach 12.3 GtCO2·yr−1 by 2100, whereas meeting the 2 °C target would require sustained annual reductions of 1 GtCO2 over four decades, which implies the insufficiency of current CCS deployment pace for mild mitigation. Compared to capacity expansion, deploying CCS early enables significantly greater energy use with lower output losses by mid-century. Advancing deployment by five years increases energy consumption by 2.9% from 2020 to 2050, exceeding the 2.8% increase achieved under a 30% capacity expansion. This implies that in the near term, prioritizing investments to scale CCS capacity in sectors where the technology is relatively mature, such as chemicals and ammonia, may deliver greater benefits than directing funds to emerging options such as direct air capture.
16. Title: A precedent for the protein transition: Evidence from the history of margarine for the feasibility of transitioning to alternative meat and dairy substitutes
Authors: Cameron Roberts, Chad M. Baum
Abstract: Alternative meat and dairy products made from plants, cultivated cells, and mycoprotein have the potential to radically reduce the environmental footprint of the meat and dairy industry. However, they still face challenges winning over consumers and overcoming political opposition. The history of margarine suggests that these obstacles can be overcome. Margarine, in its early history, faced many of the same political and sociocultural challenges that alternative proteins confront today, including consumer hesitancy, cultural stigma, and a politically-entrenched butter industry. Margarine succeeded despite these obstacles due to a combination of positive feedback effects building familiarity and political support; clever marketing strategies and recipe adaptations; and exogenous cultural and economic events. All of these are possibilities for alternative proteins. If alternative proteins enjoy the same success during the 21st century that margarine enjoyed in the 20th, it would imply a major reduction (per unit of protein consumed) in greenhouse gas emissions, land use, water use, and eutrophication. While we stress this analysis is not predictive, it suggests that a radical transition to alternative proteins is socially, culturally, and politically feasible, despite the formidable obstacles.
17. Title: The social-ecological learning framework: perception, action, and learning in a changing world
Authors: Carolin Janssen, Philipp Gorris, Claudia Pahl-Wostl, Luana Schwarz
Abstract: Interactions among and between human and non-human agents across scales are central to social-ecological systems (SES) and their dynamics. Among the emergent processes vital to navigating change, social learning, especially across cultural and onto-epistemological perspectives, has gained traction for building adaptive capacity, fostering collaboration, and enabling transformative governance. Yet, many learning theories in SES research offer limited insight into the fine-grained, embodied, and relational dynamics through which learning unfolds.
This paper bridges Pahl-Wostl’s social learning framework with the predictive processing (PP) paradigm from cognitive science to illuminate micro-level mechanisms of perception, action, and learning in SES. As we show, PP offers a biologically grounded, process-based account of how internal models are formed and revised through recursive loops of perception and (inter-)action with complex environments.
Acknowledging that theorizing learning in SES requires recognizing the inseparable entanglement of the social and the ecological, we introduce the concept of social-ecological learning. This lens highlights how human–human and human–nature relations co-shape what and how agents learn, emphasizing that social learning in SES is always ecologically situated, and vice versa.
Finally, we integrate PP’s distinctions between parametric and structure learning with loop learning theory to offer a novel entry point for examining learning across scales—from incremental updates to deep shifts in assumptions and worldviews, and from individual sense-making to broader societal change.
Our framework bridges theoretical silos and contributes to sustainability science by advancing a relational, embodied, and embedded understanding of learning in SES–essential for fostering transformative capacity in an uncertain, rapidly changing world.
18. Title: Rewriting the climate social contract: adaptation, equity, and indigenous rights in Aotearoa New Zealand
Authors: Meg Parsons
Abstract: With climate change impacts escalating, robust adaptation is urgent. Yet in Aotearoa New Zealand (NZ), climate adaptation policy is shifting toward a neoliberal, market-driven approach that emphasises individual responsibility and risk transfer. This neoliberal turn raises serious climate justice concerns by eroding the social contract of collective support, particularly in a settler-colonial context where the New Zealand Government’s obligations under Te Tiriti o Waitangi (Treaty of Waitangi) require protecting vulnerable Māori communities. We examine these shifts through the lenses of social contract theory and climate justice, analysing key policy documents and public discourse from 2022 to 2025. Our analysis shows that the neoliberal approach to adaptation governance undermines equity: shifting costs and risks onto individuals entrenches socio-economic disparities and marginalises Indigenous rights and knowledge. However, we also find pushback from Māori and non-Māori community organisations, local government authorities, professional bodies, and charities who advocate for justice-oriented, collective approaches grounded in partnership and solidarity. We argue that effective and just climate adaptation must remain a collective responsibility. Rather than retreating to “fend for yourself” policies, the state must uphold its duty to manage climate risks through strong leadership, public funding, and genuine Te Tiriti partnerships. This case highlights the need to resist the neoliberal individualisation of risk and to reaffirm the social contract to safeguard climate justice in adaptation.
19. Title: Green petroculture: Insights from the oil corporation Preem’s tall oil strategy
Authors: Andreas Roos, Kristoffer Ekberg
Abstract: The petroculture literature shows how fossil fuels have profoundly shaped modern cultures. This study introduces the concept of green petroculture to describe a cultural phase in which environmentally motivated solutions remain rooted in petrocultural ways of thinking and acting. Analysing the Swedish oil corporation Preem’s tall oil production, we examine how corporate sustainability strategies sustain this phase. Through a causal thematic analysis of eleven sustainability reports, the study identifies the mechanisms through which green petrocultures may emerge. These include environmental statism, alienation from nature, greenwashing, denial, reductionism, and environmental load displacement. These mechanisms interact to sustain surface-level sustainability responses that displace the environmental burdens of low-carbon energy systems elsewhere. In Preem’s case, the company promotes tall oil as a climate solution while obscuring the global environmental impacts of land requirements equivalent to three times the surface area of Sweden. The study highlights the importance of understanding green petroculture as a cultural phase with global environmental implications and offers insights into how societies might move beyond it toward genuine ecological and social transformation.
20. Title: ‘Cattle own this area’; The spatial politics of pastoral intensification, biosecurity and colonial control in northern Australia
Authors: Jennifer Atchison, Thomas Savige, Bernadette Simon, Le-Anne Bannan
Abstract: Pastoral intensification is underway in northern Australia. This paper aims to reveal Indigenous experiences of contemporary intensification of pastoral activities, which ‘double up’ colonial control of Indigenous sovereign Country, aided by the implementation of biosecurity management. ‘Doubling up’ acknowledges that material conditions and governmentalities of colonialism don’t change or diminish over time, rather that strategies of occupation are amplified where increased extractive pressure is pursued. Drawing on ethnographic work with Gajerrong people and their Country in the Northern Territory of Australia, a place undergoing rapid socio-ecological transformation due to increased public and private development, we show how Indigenous access to land, utilisation of natural resources, and management practices – legal rights supposedly protected under native title legislation – are respatialised and undermined in the name of biosecurity. We present these emergent re-configurations through the spatial typology and relational politics of points, lines and polygons, drawing attention to how intensified production activities and the increased presence of cattle escalates the problematic colonial project of land control and expansion. We show that increasing control of animal movement are spatial strategies of biosecurity that impinge upon Indigenous access and enjoyment. Meanwhile weeds proliferate in ambiguous spaces of implied biosecurity action. We argue increased visibility and attention to the biopolitics of pastoralism is required to understand how differentiated biosecurity practices are enacted alongside the other logics being deployed to secure the lives of cattle, and how Indigenous and nonhuman others exert their agency through contemporary pastoralism. Reconditioning the colonial project means understanding Indigenous experiences and supporting resistance, as well as the activism that safeguards legal rights.
21. Title: Dealing with water extremes: An exploration of conditions for transformative adaptation
Authors: Claudia Pahl-Wostl
Abstract: Water scarcity already poses an existential threat to many regions of the world. Climate change will only make matters worse. Even regions that were not previously affected by such extremes are increasingly experiencing drought crises. Extreme droughts followed by extreme floods are becoming common, suggesting that these extremes should not be addressed in isolation. However, responses to threats from water extremes have so far been reactive rather than anticipatory and transformative. This contradicts the scientific communities long-standing normative claims for integrative and adaptive approaches enhancing the resilience of multi-functional landscapes to unprecedented extreme events.
This article analyses which conditions under which recurrent drought crises might trigger transformative change in water governance and management and human-nature relations in general. To achieve this the article: integrates conceptual foundations to understand processes of and levers for change; introduces a typology for drought governance systems to analyse whether and how climate change adaptation may shift towards sustainable development trajectories; and uses three exploratory case studies to assess the applicability of the approach for analysing potential and limits for change. The analyses highlight the importance of agency and of different kinds of network governance. Drought crises can trigger local initiatives and experiments. However, such initiatives remain fragmented and do not lead to systemic transformation. The lack of an early response leads reinforces path-dependency and limits decision-making options. The conceptual approach introduced in this paper provides a basis for further comparative studies and targeted action research to overcome barriers to change.
22. Title: Understanding forest transitions and lock-ins in Latin American agro-forest frontiers: aligning theory to practice for accelerating restoration
Authors: Madelon Lohbeck, Thomas W. Kuyper, Frans Bongers, Rocío Aguilar-Fernández, ... Heitor Mancini Teixeira
Abstract: The agro-forest frontier is the dynamic border between agricultural and forested lands. Drawing on results from an interdisciplinary research programme, we synthesise and compare social-ecological dynamics in three Latin American agro-forest frontiers: Marqués de Comillas and La Sepultura in Mexico, and Zona da Mata in Brazil. Each includes extensive livestock grazing, rain-fed agriculture, secondary vegetation, and state-protected areas. Forest transition theory (FTT) proposes that after settlement, forest cover decreases until a turning point (the forest transition) when forest cover may start to increase. We asked what drives forest cover change in each site and how well the FTT reflects empirical evidence. We quantified past forest dynamics, positioned the frontiers along the ‘forest transition curve’, qualitatively assessed their drivers of change, and evaluated the fit between theoretical models and empirical evidence.
The frontiers represented different socio-ecological dynamics, resulting in contrasting forest cover trends that extend beyond patterns described by the FTT. The two Mexican frontiers appeared to be locked into pathways away from forest transitions; one driven by state-led conservation, and characterised by low-productive agriculture and forest degradation; the other driven by globalisation and neoliberal developments, and characterised by extensive grazing and deforestation. A forest transition was observed in the Brazilian frontier, enabled by alignment of social movements and state policy.
To advance understanding of forest transitions, scholars should broaden the analytical use of the FTT to include lock-ins that hinder transitions, while considering power-dynamics and the agency of social movements. Advanced understanding is urgent to promote forest transitions as part of the strategy to achieve global restoration targets.
23. Title: The emerging and escalating consequences of rural depopulation in the Himalaya
Authors: Karuna Budhathoki, Bhola Bhattarai, Bed Mani Dahal, Shalini Dhyani, ... Edward L. Webb
Abstract: The Himalayan region, home to fifty million inhabitants and sustaining more than one billion, is experiencing mass rural depopulation and agrarian transition, the consequences of which are complex, varied, and still nascent. We convened a panel of 34 experts from various fields of socio-environmental sciences working in the Himalaya to conduct a horizon scan to identify escalating and emerging issues arising from rural depopulation over the next 10–15 years. The panel identified a total of 22 issues. We then integrated systems thinking to map the linkages among the issues in a causal network, illuminating the cascading impacts arising from rural depopulation. Through the novel combination of methods, key issues (nodes in the causal network) were identified; these included escalating issues of farmland abandonment, vegetation succession, and rural livelihood resilience. Consequential emergence of threats and prospects to mountain society, natural resources, and political economy were identified. The identification of key nodes and emergent outcomes (or drivers) and consideration of their cascading effects provide avenues for developing targeted policies to mitigate the negative and support the positive outcomes (or drivers). Application and inquiry of the causal network suggested a strong need for policy makers to consider multiple dimensions when addressing complex and contextual issues. The novel approach combining horizon scanning and causal network analysis advances proactive policy discourse and prioritizes future research needs for rural depopulation outcomes in the Himalaya. Both the methods and the issues raised by rural depopulation in mountain environments are relevant for other regions and socio-ecological processes.
