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1. Title: Compound dry-and-hot extremes exacerbate income inequality and poverty in Europe
Authors: Jessie Ruth Schleypen, Fahad Saeed, Anne Zimmer, Tilman Brück
Abstract: Heat waves and droughts are each highly damaging to people’s incomes, but little is known of the joint impact on household welfare when these events occur simultaneously. We combine European household level survey data from 2004 to 2022 with high resolution temperature and drought data in a fixed effects econometric regression to investigate the change in household income and risk of poverty due to heat waves, droughts, and compound dry-and-hot extremes. We find that the average reduction in annual household income was 0.8 percentage points larger when heat waves coincided with a drought month, compared to when heat waves occurred alone. The compound climate impact was stronger for poorer households, with household in the poorest income quintile experiencing a reduction in average household income from the combined impacts of heatwave and drought of 2.7 percentage points larger than the households in the richest income quintile. We estimate that heat waves and droughts increased the at-risk-of-poverty (AROP) rate in Europe by 1.1 percentage points or an additional 5.6 million persons for 2004–2022 on average. Our projections indicate that limiting global warming to 1.5 °C by 2100 minimizes the negative impacts on income and limits the increase in income inequality and at-risk-of-poverty rates. Limiting warming also allows for more time to adapt to the adverse effects of heat waves and droughts. To reduce poverty by at least 15 million by 2030, the European Union has to scale up its protection of vulnerable populations through climate mitigation and adaptation.
2. Title: Mapping China’s non-grain governance: pathways to global agricultural sustainability
Authors: Wenbo Zhang, Xiaoliang Hu, Hongbo Li, Xiaolin Zhang, ... Linwang Yuan
Abstract: To address multiple challenges including food security, resource scarcity, and environmental degradation, China is prioritizing non-grain governance (NGG) as a key strategy, yet lacks an actionable governance framework. This paper proposes an integrated approach combining non-grain level (NGL) control (Measure 1) with crop spatial reallocation (Measure 2), thereby establishing a three-tier governance framework for non-grain conversion (NGC) at the “national-agricultural region-county levels”. Based on China’s 2020 grain production capacity, we project pathways to meet grain demand under 2030 population scenarios and evaluate the impacts of three policy scenarios on sustainable agricultural development. Simulation results for 2020–2030 show that, compared to Scenario 1 (no measure 1 & no measure 2 → a 25.56% increase in imports), Scenario 2 (no measure 1 & with measure 2 → partial imports) could fulfill up to 84% of food demand through optimized crop spatial allocation. This import reduction would save approximately 16.43% of global arable land use, 16.59% of global water consumption, 16.36% of global energy use, and 15.80% of global carbon emissions associated with trade. Scenario 3 (with measure 1 & with measure 2 → self-sufficiency) could achieve full grain self-sufficiency by constraining the non-grain level to ≤ 28% through integrated control and spatial optimization, thereby avoiding additional global resource consumption. However, this scenario would increase domestic water and energy stress and constrain farmers’ net income. For China’s nine major agricultural regions and their 2,668 counties, the management focus should shift from merely monitoring the surface-level rate of farmland conversion to non-grain uses, to a more critical assessment of its tangible impacts on grain production and environmental pollution. Accordingly, stringent protection measures are required, particularly for counties within core production areas such as the Northeast China Plain and the Huang-Huai-Hai Plain. The proposed three-tier governance system offers a scalable framework for addressing the intertwined challenges of food security, resource conservation, and global ecological responsibilities.
3. Title: Bi-decadal changes in selected ecosystem services and their integrated drivers in East Africa
Authors: Edovia Dufatanye Umwali, Alain Isabwe, Naomie M. Kayitesi, Xi Chen
Abstract: Ecosystem services are fundamental to sustaining life and livelihoods, yet they face increasing threats, particularly in Sub-Saharan Africa. This study investigates the temporal dynamics of key ecosystem services, carbon storage, habitat quality, and water yield, across five East African countries over the past two decades, while also exploring their drivers. Spatially explicit models were developed using the integrated Valuation of Ecosystem Services and Trade-offs (InVEST), and random forest models (70% training, 30% testing; 500 trees) to identify ecosystem service responses to a variety of drivers, including climate, proximity, soil, Land Use Land Cover Change (LUCC), socioeconomic, and topographic factors. Results revealed distinct patterns in ecosystem service dynamics: (1) Carbon storage remained relatively stable, with 90.9% of the area maintaining consistent levels in 2000–2010, slightly increasing to 91.6% in 2010–2020; (2) Habitat quality showed more variability, but trended positively, with improvements from 2000 to 2010, and over 95% of the area remaining stable in the following decade. (3) In contrast, water yield exhibited the most significant fluctuations, with 52.6% of the area experienced a decline and 43.7% an increase in 2000–2010, followed by a dramatic 89.1% increase in 2010–2020. (4) The random forest models produced robust results (R2 = 0.75–––0.96) across all three periods (2000, 2010, and 2020) for each ecosystem service. (5) Climate variables, particularly precipitation and temperature, emerged as the strongest drivers of water yield, while slope and socioeconomic factors primarily influenced carbon storage. (6) Socioeconomic factors were also most influential in shaping habitat quality. These findings offer critical insights for environmental management and policy, providing a basis for sustainable development strategies as the region works toward achieving the 2030 Sustainable Development Goals.
4. Title: Mapping priority and potential tranquility areas in China using hybrid audio-visual GIS modeling for environment decision making
Authors: Xiaoqing Xu, Feiran Hu, Ning Zou, Chumeng Yu, ... Jian Kang
Abstract: The coupling of visual and auditory tranquility on a national scale has garnered attention worldwide. However, research on the spatial distributions in visual and audio tranquility across China and the implications of these differences for the perceptions and management of overall tranquility in scarce. Therefore, this study examined the spatial distribution of visual and auditory tranquility across China and its variations, spatial differences between visual and auditory tranquility, and the relationship between tranquility patterns and geographic zoning. This study used audio-visual geographic information system modeling and public consultations employing multi-criteria decision-making techniques to develop a comprehensive map of visual and auditory tranquility. The results revealed a correlation between tranquility, urban development, and environmental indicators. Additionally, this research established a framework to mapping tranquility, supplementing existing knowledge, and set baseline standards for future environment conservation decision making of tranquil protected lands and regional governance systems in China. The findings highlight priority and potential development areas for tranquility, providing guidance for future territorial spatial planning and regional. The research ideas, methods, and techniques are also applicable to the study of tranquil areas at the global scale.
5. Title: Unequal air quality benefits from EV adoption in California, the world’s EV leader
Authors: Jiaxun Sun, Guangxiao Hu, William Zhou, Laixiang Sun, Kuishuang Feng
Abstract: Transport electrification is central to global decarbonization, yet its equity consequences remain contested. Within this broader transition, adoption of electric vehicles (EVs) has become a key pathway for reducing transport emissions. While EVs reduce emissions from internal combustion engines, the extent to which their benefits reach disadvantaged communities is uncertain. Using ZIP code-level panel data for California from 2015 to 2023, we combine fixed effects and moderation analysis to examine how EV adoption interacts with socioeconomic characteristics to shape PM2.5 exposure. Our results confirm that disadvantaged communities with lower incomes and lower educational attainment face higher pollution burdens. EV adoption is associated with significant reductions in PM2.5 concentrations (–0.034 to –0.060 µg/m3 per thousand EVs; p < 0.05). However, the moderating effects show that these reductions are larger in wealthier and more educated areas, where adoption is already highest. This pattern suggests that EV adoption may unintentionally exacerbate existing inequalities by concentrating environmental benefits in advantaged communities. To ensure that the clean mobility transition delivers inclusive health gains, equity-centered policies, such as income-based incentives, targeted charging infrastructure, and public fleet electrification, are needed. Our framework provides a transferable approach for evaluating the distributional impacts of low-carbon transitions in diverse contexts.
6. Title: Riding the waves: intergenerational digital storytelling to explore coastal flooding experiences
Authors: Crispin Rakibu Mbamba, Peter Dwumah, Elizabeth Koomson-Yalley, Emmanuel Temitope Adaranijo
Abstract: This study examines the interplay between generational knowledge systems in communities facing coastal flooding disasters. Through digital storytelling with 38 elder-youth dyads across six communities in Ghana, we show how resilience emerges not through predetermined cultural frameworks, but within negotiated spaces between generational worldviews. We identify that tension between elders’ historical-cyclical understanding of environmental patterns and youth’s engagement with climate science generates hybrid knowledge systems. These manifest in informal support networks where generational roles function as complementary rather than hierarchical. Also, traditional ecological knowledge operates not as static cultural inheritance but as evolving resilience capital that transforms through intergenerational exchange and technological integration. The digital storytelling process emerged as simultaneously therapeutic and pragmatic that facilitates trauma processing while creating community preparedness resources. This research challenges binary conceptualizations that position traditional and scientific knowledge as epistemologically incompatible, instead revealing how coastal communities navigate environmental uncertainty through knowledge hybridization. The findings contribute to reconceptualizing disaster resilience as relational and temporally dynamic, while offering methodological insights (the digital story telling) for accessing forms of environmental wisdom that remain largely invisible to conventional research approaches.
7. Title: Assessing the impact of metal trade decoupling on energy transition: Evidence from an open-economy DSGE Model
Authors: Haoran Duan, Shiwei Yu, Tim T. Werner, Yafang Sun, Jinhua Cheng
Abstract: Metal resources are vital to global renewable energy transitions, but rising geopolitical tensions are fragmenting critical metal supply chains. This decoupling trend threatens the clean energy ambitions of both advanced and emerging economies. To quantify these impacts, we develop a multi-sectoral open-economy dynamic stochastic general equilibrium (DSGE) linking metal inputs, energy systems, and macroeconomic outcomes. Focusing on China and eight Critical Minerals Alliance (CMA) economies, including the U.S. and EU, we simulate the consequences of bilateral trade decoupling in critical metals. Results show that both sides incur substantial losses: China’s share of renewables in total energy supply may drop by up to 0.35 percentage points, alongside a GDP contraction of 3%; CMA economies face a 0.13 percentage point decline and a 1.6% GDP loss. These effects are more pronounced in countries with high dependence on imported metals or limited substitution capacity, raising long-term risks for equitable energy transitions. While domestic substitution and South-South cooperation can provide partial buffers, unilateral strategies are insufficient. Strengthened multilateral coordination on metal resource governance is essential to avoid systemic setbacks in the global decarbonization agenda.
8. Title: From statistical correlations to dynamic models in the study of past human resilience to climate change
Authors: Yotam Ben-Oren, Yitzchak Jaffe, Oren Kolodny
Abstract: There is a growing body of research on human resilience to extreme climatic episodes in the past. Many studies focus on comparing archaeological records prior to a perceived climatic episode to those after it to investigate a causal relationship between the two. Although these comparisons are important, they are limited in their potential to facilitate a causal understanding of the factors that determine the human response to climate change. For such an understanding, it is necessary to explicitly consider prior processes that could have made certain populations more resilient to extreme climatic episodes. This assertion calls for a new focus on the cultural and demographic dynamics in ancient populations over the generations that preceded the climatic episode. In this article, we use a dynamic model to propose and explore several processes of cultural evolution and demography that – together with the prior climatic dynamics – may have determined populations’ abilities to cope with extreme climatic episodes. This endeavour allows us to outline alternative hypotheses regarding what determined the fate of different human groups. These, in turn, may help direct the collection and analysis of archaeological data and highlight modalities within it that may be helpful for inference of the processes that determined populations’ resilience to extreme climatic episodes.
9. Title: Evidence-based steps towards climate resilient development pathways: Insights across levels and sectors
Authors: Nicola Favretto, Lindsay C. Stringer
Abstract: Climate-Resilient Development Pathways (CRDP) proposed by the Intergovernmental Panel on Climate Change underscore the urgent need for effective adaptation and mitigation while sustaining socio-economic development. Achieving CRDP requires coordinated action across local, national, and international levels. In the European Union (EU), this multilevel challenge is embodied in frameworks including the European Green Deal, Climate Law, and Adaptation Strategy, which collectively seek a climate-resilient society by 2050. While Member States are mandated to pursue CRDP at a local level, empirical evidence on the enabling conditions that facilitate CRDP transitions remains limited, revealing a globally critical research gap. This paper targets that gap by drawing on 124 semi-structured interviews with policymakers and practitioners, complemented by a review of scientific literature and policy documents. Focusing on three climate-vulnerable Italian regions – Aosta Valley, Basilicata, and Sardinia – it explores CRDP across sectors at local and national scales. It asks: (i) What forms of integrated adaptation and mitigation are being pursued across sectors in these regions to address climate impacts and enhance resilience? (ii) What enabling conditions have supported transitions toward CRDP at multiple scales? Italy offers a compelling case due to its exposure to multiple climate hazards and its policy alignment with EU and global resilience agendas. Findings highlight the importance of holistic, context-specific, and long-term strategies that integrate human, water, and land systems across scales and sectors. Key enablers applicable to the pursuit of global resilience include supportive institutional frameworks, financial mechanisms, cross-sector collaboration, socio-cultural engagement, and investment in technological and infrastructural innovation.
10. Title: Climate adaptation justice as lived experience: insights from Aotearoa New Zealand
Authors: Meg Parsons, Grace May, Bethany Waller, Leane Makey, ... Cilla Brown
Abstract: Climate adaptation raises profound questions of fairness: Who bears the greatest risks and costs, and who decides how to respond? This study explores how communities in Aotearoa New Zealand perceive “just” climate adaptation, grounding climate justice in lived experience. We draw on 64 in-depth interviews with people who have endured floods, storms, or droughts, alongside an analysis of public submissions to national adaptation policy processes. The findings reveal that climate adaptation is widely viewed as a deeply relational process connecting people, place, and more-than-human beings. Abstract justice principles – distributive, procedural, recognitional, intergenerational, corrective, epistemic, and multispecies justice – emerge as interdependent in participants’ accounts of fair adaptation. Communities actively audit adaptation fairness through expectations of collaboration, mutual care, and government accountability. Notably, Indigenous Māori perspectives (honouring Te Tiriti o Waitangi/the Treaty of Waitangi partnership obligations) and the rights of ecosystems (legal personhood for rivers and forests) are seen as integral to just outcomes. These insights challenge universal notions of climate justice by demonstrating that what constitutes “just adaptation” is context-specific and grounded in the relationships between individuals and communities. We propose a relational framework for just adaptation that bridges theory and practice, concluding that equitable climate resilience hinges on transforming the social and ecological relationships that underlie vulnerability. Our study highlights that climate justice is not a peripheral ideal, but a crucial prerequisite for effective adaptation policy and action.
11. Title: Pyro-socioecological zoning: A proposal for fire management in the tropical dry forest
Authors: R. Isela Jasso-Flores, Rogelio O. Corona-Núñez
Abstract: Tropical dry forests (TDFs) are among the most extensive and threatened ecosystems of the Neotropics, characterized by strong seasonality and high sensitivity to disturbance. Under climate change, drylands are expected to face more frequent and severe wildfires as prolonged drought and fuel dryness intensify fire activity. In TDFs, where fires are not naturally occurring, their growing prevalence has severe impacts on vegetation. Mexico hosts the largest extent of these forests, and wildfire dynamics vary considerably across its regions. To capture this variability, we defined pyro‑socioecological zones by integrating 91 freely available variables representing local, regional, and global drivers of wildfire. These variables included fuel connectivity, terrain characteristics, climate and extreme climatic events, as well as human-related drivers. We applied an ensemble of 10 different clustering approaches to delineate pyro-socioecological zones, aiming to capture the complex relationships among dominant variables across scales (i.e. Site, Landscape, Regional and Global climate, and Human dimension). Our ensemble resulted in eight pyro-socioecological zones with a confidence of 81%. Each zone was independently evaluated against wildfire dynamics (severity, extent, and frequency), revealing distinct dominant drivers. Our findings highlight the specific socioecological factors shaping wildfire regimes in TDFs, consistent with previous site‑level studies. By integrating multiple scales, our approach also indirectly identified pyro‑biocultural and pyro‑ecophysiological regions. Recognizing the dominant wildfire‑driving factors across scales provides a basis for more effective in‑site management policies. Ultimately, our framework moves beyond national one‑size‑fits‑all approaches by offering locally grounded, regionally applicable insights that strengthen resilience and guide fire management.
12. Title: Planting seeds or cultivating change? Digging into Living Labs’ contributions to transformative change
Authors: Eva Sievers, Jan Willem Erisman, Marja Spierenburg, Alexander P.E. van Oudenhoven
Abstract: Research on transformative change has gained attention as a response to the interconnected and accelerating crises of today, often referred to as a ‘polycrisis’. Transformative change refers to fundamental, system-wide shifts in views, structures, and practices. Despite its urgent need, entrenched systems create significant barriers, making it challenging to translate into action and derive concrete steps. In this study, we investigate Living Labs to understand their potential role in enabling transformative change in real-world contexts. We aim to assess whether and to what extent Living Labs can facilitate shifts in views, structures, and practices, and to identify the barriers and enabling conditions that shape their impact. Using maximum variation sampling, we selected 10 Living Labs and conducted semi-structured interviews with narrative elements. Living Labs foster shifts in views by encouraging openness, critical reflection, and experiential learning, enabling actors to challenge existing mindsets and recognise their agency in driving change. They enable shifts in structures by fostering flexible local collaborations, though scaling remains challenging without formal recognition, as bureaucratic inertia and political barriers limit changes in formal governance. Living Labs foster shifts in practices through experimentation, hands-on learning, and inclusive collaboration, yet regulatory constraints and entrenched power structures often hinder lasting changes. We conclude that while Living Labs provide valuable experimental spaces enabling localised innovation and new forms of collaboration, their ability to drive transformative change remains limited. To exploit their full potential for transformative change, it is crucial to strengthen institutional integration and move beyond short-term and project-based funding.
13. Title: Resource use and resource efficiency in the Asia–Pacific region revisited
Authors: James West, Heinz Schandl, Alessio Miatto, Fridolin Krausmann, ... Stephan Lutter
Abstract: This analysis of material use and resource efficiency trends in the Asia Pacific region provides an important update to a study conducted 15 years ago on the same subject. Our findings indicate that some of the concerning trends identified in the earlier study have since moderated, with regional material demand plateauing in recent years. Resource efficiency improvements have continued and even accelerated over the decade to 2020. The impact of these trends is evident in a series of IPAT analyses, which indicate that improvements in the Technology factor used (Materials Intensity) were finally sufficiently strong to enable the region to continue raising living standards without notably increasing materials demand.
As these empirical outcomes were not anticipated in the earlier study, we explore potential explanations for these trends. One consideration is whether the resource efficiency improvements indicated in an IPAT analysis of the most recent data provides support for Environmental Kuznets Curve (EKC) dynamics, a hypothesis largely dismissed in the previous study. Additionally, we examine whether the unprecedented expansion of productive infrastructure in the region during the early 21st century may now be sufficient to accommodate further infrastructure development in the region’s lower-income countries, thereby reducing the need for continued growth in material throughput.
Finally, revisiting the observations made in the 2010 paper highlighted the need to develop and use GDP measures that remain stable over time. We propose one such measure and demonstrate why a consistent GDP basis is essential for ratio-based metrics, such as resource efficiency, when used to monitor long-term performance.
14. Title: Safe harbours for the intruders of the sea: Greater abundance of invasive species on artificial structures and management implications
Authors: Laura Avila-Turriago, Jasmine B.D. Jaffrés, Michael Sievers, Brigette Wright, ... Valeriya Komyakova
Abstract: Artificial structures, both coastal (e.g. piers, seawalls) and offshore (e.g. platforms), have been hypothesised to support greater abundance and diversity of invasive species, including introduced species that have established and spread or have the potential to do so, compared with natural reefs. Despite this widespread assumption, no systematic evaluation has been conducted, leaving a critical knowledge gap regarding the ecological consequences of expanding artificial infrastructure. To address this gap, a systematic review and meta-analysis – comparing abundance, richness and cover of invasive species between artificial structures and natural reefs – were conducted. The influence of moderators on effect sizes – including distance to ports, shores and natural reefs, artificial structure category, size, age, material and invasive species traits – was also assessed. Artificial structures, on average, harboured more abundant – but not more diverse – populations of invasive species. Structural and spatial variables further influenced outcomes, with effect sizes generally small despite being statistically significant. Artificial structures located farther from ports and shore exhibited greater differences from natural reefs, and those constructed from concrete or metal supported higher invasive species abundance. Contributing factors likely include proximity to invasion points (e.g. harbours), structural characteristics of the infrastructure, and competitive traits of invasive species. Given the rapid global expansion of artificial structures, particularly in coastal environments, risk-reduction strategies are essential. This study provides management-relevant recommendations to support risk-aware planning, ecological design and adaptive management of marine artificial infrastructure, thereby mitigating invasion risk and guiding sustainable policy and practice.
15. Title: Bringing fairness also into carbon removal shares of countries is essential for a just transition
Authors: Julia Danzer, Gottfried Kirchengast
Abstract: Towards achieving the Paris goal of limiting global warming to well below 2°C with an effort to reach 1.5°C, countries not only need to drastically reduce their emissions but also to partially deploy carbon dioxide removal (CDR). CDR from the atmosphere can be achieved by various methods, ranging from nature-based solutions to technical options. We started with a survey of recent studies and found mounting evidence that CDR use needs great caution, since there exist strong biophysical and socio-economic constraints on scaling it up; and emission and removal fluxes are not equivalent in terms of climate outcomes. Also, carbon storage needs to be safe and durable, implying further challenges. We hence find it essential, yet under-researched currently, to explicitly study fairness also in the allocation of a limited global carbon removal budget if countries are to pursue the transition to net-zero and beyond in a fair way. We introduce a simple emissions and removal model (“SERM”) for this purpose and use it for an initial analysis exploring different fairness policies in a conceptual toybox world (“Austro-World”) with four stylized countries pursuing pathways towards net-zero. The policies range from equal-per-capita fair-sharing and grandfathering by per-capita-convergence to including fairness-perturbing country-level removal policies and unrealistic CDR budget sizes. We find substantial (un)fairness implications for CDR scale-up towards net-zero and long-term use beyond. This unveils that distributive justice across countries should be taken into account as seriously for the limited carbon removal budget as it is for the remaining carbon emission budget.
