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1. Title: Do we prioritize floodplains for development and farming? Mapping global dependence and exposure to inundation
Authors: Rachel Dryden, Mira Anand, Bernhard Lehner, Etienne Fluet-Chouinard.
Abstract: Global wetlands and floodplains offer benefits and perils alike for human society. For example, humans rely on natural flood cycles for fisheries and agriculture, yet flooding also caused nearly one trillion USD in damage in the past 30 years and impacts millions of people every year. Looking forward, altered flow regimes or increased drought conditions are expected to affect the natural inundation cycle and its ecosystem services. The current and potential future impacts of flooding and drying events warrant increasing efforts to quantify our dependence and exposure within flooded areas, since any change from current inundation patterns is expected to have consequences for those who rely on regular flood occurrences. This paper provides a baseline global assessment of the dependence and exposure of human populations, urban areas, roads, and agriculture on current inundation patterns. The analysis uses a spatially explicit inundation map at ∼500 m resolution (GIEMS-D15) derived from satellite remote sensing to represent flooding extents and overlays it with current population and land use maps. We find that 35% of the analyzed population, or 2.0 billion people, live inside areas that are prone to inland flooding, which comprise only 12% of the land surface area (excluding marine coastal areas), confirming that population densities within inundation zones are about three-times above global average. Likewise, 35% of urban areas potentially experience regular, seasonal, or infrequent flooding. Agriculture shows a similar pattern with 24% of the world’s cropland in areas of recurring inundation. Finally, we estimate that 18% of the global road network is exposed to inundation during high water periods. These global estimates demonstrate a preferential tendency of human populations, infrastructure, and agriculture to be co-located within inundation areas, making related anthropogenic activities highly susceptible to future changes in flood regimes. The results are intended to offer a suite of first-order estimates as partial input to more holistic risk and vulnerability assessments and to ultimately improve environmental planning and policy at large scales.
2. Title: Collective action for changing forests: A spatial, social-ecological approach to assessing participation in invasive plant management
Authors: Abigail Sullivan, Abigail M. York.
Abstract: Environmental governance research has discovered much about what drives collective action to address human-environment issues, including factors such as risk perceptions and self-efficacy. Yet the design of many studies limits our ability to draw conclusions about collective action under conditions of environmental change, especially across spatial or temporal scales. In this study, we integrate social and biophysical data—assessing data over time and examining the influence of space—to analyze efforts by community members to manage rapid environmental change in the form of an invasive plant (Mikania micrantha) in community forests in Chitwan, Nepal. Invasive species are an increasingly complex ethical, cultural, and ecological issue that is becoming more pressing with global environmental and social changes. We combine household surveys, ecological surveys, and spatial data in Bayesian hierarchical linear models to explore changes in the drivers of collective action since initial household surveys in 2014. We find that risk perceptions, reliance on forest resources, perceptions of forest safety, and M. micrantha abundance were the most influential factors in our models. Additionally, our findings suggest that the influence of M. micrantha abundance on collective action varies across spatial scales, indicating important interactions between social and biophysical drivers of collective action. Ultimately, our results highlight the importance of considering social and biophysical factors across space and time to inform the design of institutions that will be effective in addressing collection action problems tied to environmental change.
3. Title: Polarization of climate politics results from partisan sorting: Evidence from Finnish Twittersphere
Authors: Ted Hsuan Yun Chen, Ali Salloum, Antti Gronow, Tuomas Ylä-Anttila, Mikko Kivelä.
Abstract: Prior research shows that public opinion on climate politics sorts along partisan lines. However, they leave open the question of whether climate politics and other politically salient issues exhibit tendencies for issue alignment, which the political polarization literature identifies as among the most deleterious aspects of polarization. Using a network approach and social media data from the Twitter platform, we study polarization of public opinion toward climate politics and ten other politically salient topics during the 2019 Finnish elections as the emergence of opposing groups in a public forum. We find that while climate politics is not particularly polarized compared to the other topics, it is subject to partisan sorting and issue alignment within the universalist-communitarian dimension of European politics that arose following the growth of right-wing populism. Notably, climate politics is consistently aligned with the immigration issue, and temporal trends indicate that this phenomenon will likely persist.
4. Title: Improving the evidence base: A methodological review of the quantitative climate migration literature
Authors: Roman Hoffmann, Barbora Šedová, Kira Vinke.

Abstract: The question whether and how climatic factors influence human migration has gained both academic and public interest in the past years. Based on two meta-analyses, this paper systematically reviews the quantitative empirical literature on climate-related migration from a methodological perspective. In total, information from 127 original micro- and macro-level studies is analyzed to assess how different concepts, research designs, and analytical methods shape our understanding of climate migration. We provide an overview of common methodological approaches and present evidence on their potential implications for the estimation of climatic impacts. We identify five key challenges, which relate to the i) measurement of migration and ii) climatic events, iii) the integration and aggregation of data, iv) the identification of causal relationships, and v) the exploration of contextual influences and mechanisms. Advances in research and modelling are discussed together with best practice cases to provide guidance to researchers studying the climate-migration nexus. We recommend for future empirical studies to employ approaches that are of relevance for and reflect local contexts, ensuring high levels of comparability and transparency.
5. Title: Bringing greenhouse gas removal down to earth: Stakeholder supply chain appraisals reveal complex challenges
Authors: Diarmaid S. Clery, Naomi E. Vaughan, Johanna Forster, Irene Lorenzoni, Jason Chilvers.
Abstract: Greenhouse gas removal (GGR) approaches are considered essential in several projections to meet the climate mitigation ambition of the Paris Agreement. Biomass Energy with Carbon Capture and Storage (BECCS) and afforestation are included extensively in mitigation scenarios but there are concerns about the feasibility of these approaches. This was explored with stakeholders from industry, non-governmental organisations (NGOs) and policy who were involved in interviews and a one-day participatory workshop. Multicriteria mapping (MCM) methodology was used to appraise the ‘real-world’ feasibility of four specific greenhouse gas removal supply chains at a granular level in the UK context. The MCM analysis shows that afforestation performs better in comparison to three BECCS supply chains, on criteria such as business model, social acceptability, and environmental sustainability. This innovative application of the MCM methodology enables the abstract representations of GGR in integrated assessment models to be explored at a more granular level through a supply chain analysis and thus gain a deeper understanding of the issues facing these approaches. The data gathered allows a wide range of technical, environmental, social and political criteria to be systematically applied in appraising the practical performance of different future implementation options for afforestation and BECCS. If these GGR supply chains are to become a reality on the scale required for 1.5 °C global warming, factors such as global cooperation, land availability, and the longevity of policies and incentives were found to be major challenges.
6. Title: The role of voluntary commitments in realizing the promise of the Blue Economy
Authors: Michelle Voyer, Edward H. Allison, Anna Farmery, Michael Fabinyi, Neil Andrew.
Abstract: Voluntary (or non-binding) commitments offer an action-oriented mechanism for addressing interconnected, complex and pressing issues. Though not designed to replace negotiated or binding outcomes, voluntary commitments can offer a critical tool in currently ungoverned or under-governed systems. The Blue Economy is an example of a rapidly evolving agenda where formal governance arrangements are at best nascent, in part due to the trans-border nature of issues and prominent involvement of multiple types of actors. As such voluntary commitments provide an important mechanism through which to monitor the evolution of the concept and identify gaps or shortfalls in its implementation. Our analysis of global voluntary commitments on the Blue Economy made to recent high-profile ocean futures meetings, found a trend towards capacity development, research, and investment in emerging and larger scale sectors such as offshore aquaculture and renewable energy. A concurrent focus was on securitizing, regulating or diverting effort from historically significant fisheries sectors. European organizations are playing a dominant role in Blue Economy commitments, with a notable absence of commitments from major Blue Economy powers such as China and India. We identify a number of gaps and shortfalls, particularly in relation to active consideration of social equity in the Blue Economy. We identify a range of recommendations on how these deficiencies may be addressed through a greater focus on a broader suite of objectives and a more inclusive approach to ocean meetings.
7. Title: Linking internal and external transformation for sustainability and climate action: Towards a new research and policy agenda
Authors: Christine Wamsler, Gustav Osberg, Walter Osika, Heidi Herndersson, Luis Mundaca.
Abstract: Climate change is an increasing threat to sustainable development worldwide. However, the dominant incremental policy approaches have not generated action at anywhere near the rate, scale or depth that is needed. This is largely due to the fact that climate change has historically been framed as a purely external, technical challenge. There is an urgent need for a more integral understanding that links internal and external (collective and systems) approaches to support transformation. However, related knowledge is scarce and fragmented across disciplines. This study addresses this gap. Through a systematic literature review, we analyse how the linkages between internal and external change are portrayed and understood in current research. We assess the scope, perspectives and approaches used to understand why, and how, internal change relates to climate action and sustainability. Our results highlight patterns and gaps regarding foci, conceptualisation, methods, epistemology, ontology and ethics that hamper emergent solutions and progress. Starting from the status quo, we propose an integrated model of change as an agenda and roadmap for future research, policy and practice.
8. Title: Battle over the sun: Resistance, tension, and divergence in enabling rooftop solar adoption in Indonesia
Authors: Hilman S. Fathoni, Rizaldi Boer, Sulistiyanti.
Abstract: This article examines sustainability transitions in the Global South, focusing on the adoption of rooftop photovoltaic (PV) systems in Indonesia as a case study. Based on 55 in-depth interviews and a secondary data review, we develop an alternative analytical framework that draws insights from geographical political economy and political ecology. This alternative lens allows us to better inform the socio-technical transition literature by uncovering both the spatial implications of renewable energy transitions and the power differentials underpinning them. We find that the emergence of rooftop PV technology in Indonesia has provoked resistance, as it challenges the incumbent power company’s monopoly over urban space, the Java-Bali grid system’s dependency on coal-based electricity, and state-led practices that prioritise the implementation of small-scale solar in rural and remote areas. We argue that paying attention to the asymmetric power relations among institutions and actors across multiple scales offers a more-fine grained approach to analysing the dynamics of sustainability transitions. Our findings also call for greater attention to diverse and divergent perspectives among niche actors, emphasising the need to genuinely embrace local voices and knowledge that might otherwise be marginalised by the dominant globally and nationally driven narratives of renewable transition.
9. Title: Situated adaptation: Tackling the production of vulnerability through transformative action in Sri Lanka’s Dry Zone
Authors: Harry M. Quealy, Julian S. Yates.
Abstract: Drawing attention to the production of vulnerability across scales in Sri Lanka, we contribute to knowledge of why certain people and social groups are vulnerable. We build our contribution on the theoretical application of ‘situated adaptation’. A situated analytical approach identifies, assesses, and responds to the everyday realities and politics of those living in climate changed environments. It highlights uneven geographies of vulnerability and opportunity, while identifying new imaginations and possibilities for transformative action that counter the production of vulnerability. We illustrate the utility of ‘situated adaptation’ by filling an empirical gap relating to experiences of political-economic and environmental change in Sri Lanka’s Dry Zone. We detail situated experiences by drawing on field research in the Anuradhapura District, revealing how the lives and livelihoods of farmer participants are structured by a productivity-vulnerability paradox. We demonstrate how a prevalent adaptation-development paradigm (whereby development and adaptation programs co-exist in theory and practice) is unable to address the structural drivers of vulnerability in Sri Lanka’s Dry Zone. A situated adaptation approach both explains why this is the case and highlights opportunities for alternative transformative actions, potentially identifying a more democratic and egalitarian politics of co-determining socionatural change.
10. Title: Climate change may impair electricity generation and economic viability of future Amazon hydropower
Authors: Rafael M. Almeida, Ayan S. Fleischmann, João P.F. Brêda, Diego S. Cardoso, Alexander S. Flecker.
Abstract: Numerous hydropower facilities are under construction or planned in tropical and subtropical rivers worldwide. While dams are typically designed considering historic river discharge regimes, climate change is likely to induce large-scale alterations in river hydrology. Here we analyze how future climate change will affect river hydrology, electricity generation, and economic viability of > 350 potential hydropower dams across the Amazon, Earth’s largest river basin and a global hotspot for future hydropower development. Midcentury projections for the RCP 4.5 and 8.5 climate change scenarios show basin-wide reductions of river discharge (means, 13 and 16%, respectively) and hydropower generation (19 and 27%). Declines are sharper for dams in Brazil, which harbors 60% of the proposed projects. Climate change will cause more frequent low-discharge interruption of hydropower generation and less frequent full-capacity operation. Consequently, the minimum electricity sale price for projects to break even more than doubles at many proposed dams, rendering much of future Amazon hydropower less competitive than increasingly lower cost renewable sources such as wind and solar. Climate-smart power systems will be fundamental to support environmentally and financially sustainable energy development in hydropower-dependent regions.
11. Title: Socio-economic and climatic changes lead to contrasting global urban vegetation trends
Authors: Wenmin Zhang, Mark Randall, Marina B. Jensen, Martin Brandt, Rasmus Fensholt.
Abstract: Urban greening can enhance quality of life by generating ecosystem services and has been proposed as a way of mitigating adverse consequences of global warming for human health. However, there is limited knowledge on global trends in urban vegetation and their relation to economic development and climate change. Here we studied 1,688 major cities worldwide and show that 70% (1,181) show an increase in vegetation derived from satellite observations (2000–2018). For 68% (1,138) of the cities studied, the increase in the urban vegetation is less strong as compared to the vegetation increase found in the surroundings of these cities. Overall, positive vegetation trends are widely observed in cities in Europe and North America, whereas negative vegetation trends in cities occur primarily in Africa, South America and Asia. Gross Domestic Product growth, population growth as well as temperature are found to be the main underlying drivers of the observed contrasts in changes in urban vegetation as compared to surrounding areas across continents. From a global synthesis of urban vegetation change, we quantify the role of social-economic development and climate change in regulating urban vegetation growth, and the contrasting imprint on cities of developed and developing countries.
12. Title: Stories from the IPCC: An essay on climate science in fourteen questions
Authors: Miriam Gay-Antaki.
Abstract: Women’s experiences as Intergovernmental Panel on Climate Change (IPCC) authors, have been explored showing how gender, race, nationality, etc. increase barriers to participate in the production of climate science even for the best scientists. Recently, the IPCC Gender Task Force, conducted another survey exploring barriers to participation in the IPCC that included men as well as women. The Gender Task Force released a report on gendered barriers mostly focusing on quantitative responses. This paper presents a qualitative analysis of the fourteen open-ended questions in the survey. In addition to qualitative analysis, storytelling and the concept of feminist objectivity are useful approaches to convey the complicated web of responses of over 500 scientists about their experiences participating in the IPCC and in climate science more broadly. Gender, race and nationality continue to be barriers. I stress the connection between exclusions of underrepresented scientists in the IPCC with the persistent western belief that science is an objective and impartial practice. The paper brings attention to exclusionary structures that prevent participation in the IPCC and in science more broadly, but also provides stories of how these are resisted. These stories go beyond recognizing people as disadvantaged toward addressing the intersecting structures that exclude people from participating in science. As climate science becomes more diverse, and evidence points toward the benefit of diversity for superior science, understanding barriers and opportunities for scientists participating in multidisciplinary and international reports such as the IPCC becomes increasingly important. The stories provide a theoretical and methodological catalyst for international science institutions who seek to increase the influence and presence of underrepresented groups in science and produce superior science.
13. Title: Why common interests and collective action are not enough for environmental cooperation – Lessons from the China-EU cooperation discourse on circular economy
Authors: Anran Luo, Mehwish Zuberi, Jiayu Liu, Miranda Perrone, Sina Leipold.
Abstract: Scholars have argued that circular economy (CE) must be upscaled and globalized to address excessive resource extraction and waste generation. Many CE practitioners consider the first international CE agreement between China and the EU a milestone towards such an effort. This analysis shows why this expectation is premature. European and Chinese stakeholders’ optimistic and depoliticized CE narratives disable communication regarding development disparities, negative competition and distrust, which shape geopolitical rivalry. While skeptical narratives that address political barriers exist, they fall short of suggesting alternatives. Based on 72 stakeholder interviews, 40 documents and participant observation, these results highlight the critical importance of investigating narrative strategies to repoliticize environmental cooperation. Such narrative strategies would support contestation and negotiation on development disparities and open channels for joint conceptualization of implementation scales for environmental strategies, circular or otherwise. We therefore propose using constructivist perspectives of international relations to explore discursive barriers and enablers to global environmental action.
14. Title: The drivers of individual climate actions in Europe
Authors: Johannes Reichl, Jed J. Cohen, Christian A. Klöckner, Andrea Kollmann, Valeriya Azarova.
Abstract: We analyze European citizens’ willingness to take climate mitigation action with data on one-time donation choices from a survey of 15,951 people across 27 nations. Responses are explored with an interdisciplinary hybrid choice model that integrates principles of psychology and economics. The results suggest that only participants who are certain about the reality of global warming and believe it is largely anthropogenic have a significantly higher willingness to donate to climate mitigation compared to groups with less certain beliefs. Individual drivers of climate action are identified in the perceived ancillary benefits of the actions, psychological factors, individual habits, and exposure to a collective efficacy treatment script. Additionally, national patterns in the observed donations suggest that increased climate mitigation spending at the country level may decrease citizen-level action and that frequent exposure to extreme weather events is associated with decreased support for mitigation actions. Finally, the results also highlight the importance of consistent messages about climate change, which may drive varying beliefs and personal norms and their predictors, and suggest key levers that may stimulate actions from specific groups.
15. Title: Climate change mitigation on tropical peatlands: A triple burden for smallholder farmers in Indonesia
Authors: Jennifer Merten, Jonas Østergaard Nielsen, Rosyani, Heiko Faust.
Abstract: The agricultural use and conversion of tropical peatlands is considered a major source of land-based greenhouse gas emissions. Thus, the protection and restoration of tropical peatlands has recently turned into an important strategy to mitigate global climate change. Little research exists that has investigated the impacts and dynamics that such climate mitigation efforts evoke in local communities living in and around peatlands. We present insights on this from Sumatra, Indonesia and use a climate justice lens to evaluate local outcomes. We show how an increasingly transnational network of state and non-state actors has become involved in developing new laws, policy programs and land-use agreements on Sumatra’s coastal peatlands, aiming at supposedly win–win low-carbon development pathways. We argue that such efforts are open to much of the same criticism that has been raised regarding previous policies and projects aimed at reducing GHGE from deforestation and forest degradation. These projects disregard local perspectives on development, fail to deliver the promised benefits and, through a reconfiguration of local land-use rights, reduce the capabilities of smallholder farmers to benefit from their land. In sum, our analysis suggests that recent policies and projects aimed at mitigating GHGE from tropical peatlands contribute to a redistribution of the global climate mitigation burden onto smallholder farmers in Indonesia. This occurs through their threefold assignment to protect forests, prevent fires and help restore degraded peatlands.
16. Title: The Greta effect: Visualising climate protest in UK media and the Getty images collections
Authors: Sylvia Hayes, Saffron O'Neill.
Abstract: Media actors, broadly conceived, act as powerful agents shaping not only what we think about, but also how we think about it. Whilst research at the site of news content (e.g. newspaper articles) has proliferated, there is little understanding about the site of news production (i.e. the role that powerful actors play in shaping news content). Here, both news content (via newspaper articles) and news production (via image collections) are examined together to seek to understand how climate protest has been visually represented. This study focuses on the period between 2019 and 2020, a time of significant growth for climate protest through the expansion of movements including Extinction Rebellion and Fridays For Future. Historically, protest is often represented in the media through the ‘protest paradigm’, with protestors depicted as socially deviant. This study sought to examine if this paradigm held true for these most recent protests. Climate protest imagery was collected from a globally-dominant image collection, Getty Images; and from the digital archives of five major UK newspapers. Secondary analysis was also undertaken of a longitudinal visual media datasource featuring three of the same UK newspapers from 2001 to 2009. The study shows that in 2001–2009, climate protest was typically visualised in a way which obscured the human face of protest and was consistent with the protest paradigm. In contrast, in 2019–20, protesters – and particularly school strikers – were depicted in an individualised, powerful, and hopeful way. The dominant face of climate protest in 2019–20 is visually represented in the media as young and female. We conclude that the visual discourse of climate protest has shifted away from the protest paradigm to instead depict climate change as an issue of intergenerational equity.
17. Title: Coping with scarcity: The construction of the water conservation imperative in newspapers (1999–2018)
Authors: Anne-Lise Boyer, Yves-François Le Lay, Pascal Marty.
Abstract: As water-stressed areas are expanding worldwide due to climate change, water conservation has become an important tool for managing water resources in drought contexts. Within a political ecology framework, our research questions the success story of water conservation. To do so, we conducted a quantitative textual analysis of 520 daily local press articles dealing with drought and water issues in Phoenix and Tucson (Arizona, USA). Using two open-access lexicometric software, our analysis traces the rise of the water conservation narrative in the press. Our results show how newspapers can become an instrument of public policies to work towards their social acceptance. Moreover, water conservation is framed as a consensual tool. It reassures that threats associated with water scarcity will be successfully managed to sustain urban growth in arid regions. In this sense, water conservation operates following a logic of fix, in line with the successive hydrosocial fixes that helped the development of arid lands and does not question inherited power structures in water management.
18. Title: Early warnings and emerging accountability: Total’s responses to global warming, 1971–2021
Authors: Christophe Bonneuil, Pierre-Louis Choquet, Benjamin Franta
Abstract: Building upon recent work on other major fossil fuel companies, we report new archival research and primary source interviews describing how Total responded to evolving climate science and policy in the last 50 years. We show that Total personnel received warnings of the potential for catastrophic global warming from its products by 1971, became more fully informed of the issue in the 1980s, began promoting doubt regarding the scientific basis for global warming by the late 1980s, and ultimately settled on a position in the late 1990s of publicly accepting climate science while promoting policy delay or policies peripheral to fossil fuel control. Additionally, we find that Exxon, through the International Petroleum Industry Environmental Conservation Association (IPIECA), coordinated an international campaign to dispute climate science and weaken international climate policy, beginning in the 1980s. This represents one of the first longitudinal studies of a major fossil fuel company’s responses to global warming to the present, describing historical stages of awareness, preparation, denial, and delay.
19. Title: Satellite evidence on the trade-offs of the food-water–air quality nexus over the breadbasket of India
Authors: Mrinal Singha, Jinwei Dong, Quansheng Ge, Graciela Metternicht, Xiangming Xiao.
Abstract: Access to food, water, and good air quality is indispensable for human life, as reflected in various United Nations Sustainable Development Goals (SDGs); however, pursuing food security may pose threats to water security and/or air quality. An important case is northwest India including the Punjab and Haryana states, which is the ‘breadbasket’ of India with a significantly increasing paddy rice area. The rapid expansion of rice farming has stressed groundwater resources and impacted air quality. Satellite observations have the potential to provide data for better decisions on food security, water storage, and air pollution, which would be vital for regional sustainable development. Based on observations from multiple satellites from 2001 to 2018, we found that paddy rice expansion (+22%) increased groundwater depletion (−1.50 cm/yr), residue burning (+500%), and air pollution (+29%, PM2.5) in the breadbasket of India. Moreover, satellite observations showed changes in these interactions after the enactment of a groundwater protection policy in 2009, which decelerated groundwater depletion (−1.20 cm/yr) due to delayed rice planting and harvest dates (∼15d); the latter elevated air pollution in November (+29%, PM2.5). Our finding stresses the need to reconcile the trade-offs and consider the interactions among SDGs 2 (food), 3 (good health), 6 (clean water), and 11 (air quality in cities), in policy-making for sustainable development. An efficient crop residue ultilization and management system, bottom-up groundwater use regulations, and cropping system shift towards less water-consuming crops are critically required to resolve the trade-offs of the food-water–air quality nexus in the northern India. Our study also showcases remote sensing approaches and methods to support and aid the achievement of the SDGs and track their progreses to support regional sustainable development.
20. Title: The Hogg Eco-Anxiety Scale: Development and validation of a multidimensional scale
Authors: Teaghan L. Hogg, Samantha K. Stanley, Léan V. O'Brien, Marc S. Wilson, Clare R. Watsford.
Abstract: Anxiety relating to a multitude of ecological crises, or eco-anxiety, is a subject of growing research significance. We used a multi-study mixed-methods design to explore eco-anxiety in Australia and New Zealand, validating a new eco-anxiety scale. In Study One, we developed and tested a 7-item eco-anxiety scale (n = 334), finding that this captured some, but not all, experiences of eco-anxiety. We found that people were anxious about a range of environmental conditions and their personal negative impact on the planet. Notably, people’s anxiety about different environmental conditions (e.g., climate change, environmental degradation, pollution) were interconnected, lending support for the existence of eco-anxiety (a broader construct that encompasses climate change anxiety). These results informed further scale development in Study Two. Exploratory (n = 365) and Confirmatory Factor Analysis (n = 370) supported a final 13-item scale that captured four dimensions of eco-anxiety: affective symptoms, rumination, behavioural symptoms, and anxiety about one’s negative impact on the planet, which were each distinct from stress, anxiety and depression. A further longitudinal sample (n = 189) established the stability of these factors across time. Findings support eco-anxiety as a quantifiable psychological experience, reliably measured using our 13-item eco-anxiety scale, and differentiated from mental health outcomes.
21. Title: Informing national adaptation for sustainable development through spatial systems modelling
Authors: Lena I. Fuldauer, Scott Thacker, Jim W. Hall.
Abstract: Acute climate-change hazards, such as floods or storm surges, can affect a nation’s built and natural environment assets that are critical for development and achievement of the Sustainable Development Goals (SDGs). To reduce the impacts of such acute climate-change hazards and safeguard development, national decision-makers require evidence on where and how hazards affect SDG achievement to better inform adaptation. Here, we develop a systems methodology that spatially models the impacts of climate-change hazards across a nation’s entire built and natural environment assets and its interdependent influences on the SDG targets to inform national adaptation. We apply our methodology in Saint Lucia through a participatory approach with decision-makers across 18 government ministries, academia, and the private sector. Results reveal that acute climate-change hazards can affect half of Saint Lucia’s assets across 22 sectors, which can influence 89% of all SDG targets. Application of our methodology provided evidence on where and how to prioritise adaptation, thereby helping to add spatial granularity to 52 measures under Saint Lucia’s National Adaptation Plan (NAP) as well as specificity on how limited capacity for cross-sectoral coordination can be directed to safeguard SDG targets. Adaptation does not necessarily imply investing in physical asset protection: results show the need to protect critical natural environments which provide important adaptation services to the built environment. As more nations develop and revise their NAPs and Nationally Determined Contributions under the Paris Agreement, strategic planning across sectors – as demonstrated in Saint Lucia – will be critical to facilitate adaptation that safeguards SDG achievement.
22. Title: Assessing future vulnerability and risk of humanitarian crises using climate change and population projections within the INFORM framework
Authors: Sepehr Marzi, Jaroslav Mysiak, Arthur H. Essenfelder, Jeremy S. Pal, ... Michalis Vousdoukas. 
Abstract: INFORM Risk Index is a global indicator-based disaster risk assessment tool that combines hazards, exposure, vulnerability and lack of coping capacity indicators with the purpose to support humanitarian crisis management decisions considering the current climate and population. In this exploratory study, we extend the Index to include future climate change and population projections using RCP 8.5 climate projections of coastal flood, river flood and drought, and SSP3 and SSP5 population projections for the period 2036 to 2065. For the three hazards considered, annually 1.3 billion people (150% increase), 1.8 billion people (249% increase) and 1.5 billion people (197% increase) in the mid-21st century are projected to be exposed under the 2015, SSP3 and SSP5 population estimates, respectively. Drought shows the highest exposure levels followed by river flood and then coastal flood, with some regional differences. The largest exposed population is projected in Asia, while the largest percent changes are projected in Africa and Oceania. Countries with largest current and projected risk including non-climatic factors are generally located in Africa, West and South Asia and Central America. An uncertainty analysis of the extended index shows that it is generally robust and not influenced by the methodological choices. The projected changes in risk and coping capacity (vulnerability) due to climate change are generally greater than those associated with population changes. Countries in Europe, Western and Northern Asia and Africa tend to show higher reduction levels in vulnerability (lack of coping capacity) required to nullify the adverse impacts of the projected amplified hazards and exposure. The required increase in coping capacity (decreased vulnerability) can inform decision-making processes on disaster risk reduction and adaptation options to maintain manageable risk levels at global and national scale. Overall, the extended INFORM Risk Index is a means to integrate Disaster Risk Reduction and Climate Change Adaptation policy agendas to create conditions for greater policy impact, more efficient use of resources and more effective action in protecting life, livelihoods and valuable assets. 

23. Title: Debt-for-climate swaps: Killing two birds with one stone?
Authors: Dennis Essers, Danny Cassimon, Martin Prowse.
Abstract: The COVID-19 pandemic has further fuelled problems of debt sustainability in developing countries and has sapped the fiscal resources needed to finance climate mitigation and adaptation efforts. We examine whether “debt-for-climate” swaps, instruments whereby debtor countries are relieved from their contractual debt obligations in return for local climate-related spending commitments, may be helpful in tackling worrying debt levels and climate concerns simultaneously. We point out that debt swaps do not have a great historical track record but that common flaws such as their piecemeal nature, lack of additionality and creation of parallel implementation structures, could be overcome by scaling up and careful design. To realize swaps’ full potential, a distinction needs to be made between situations where debt is clearly unsustainable and where it is high but sustainable. In the former case, deep and comprehensive debt restructuring should be the primary focus, rather than closely matching debt service savings with increased climate spending; in the latter case, stand-alone debt swaps may be used to transfer resources from creditors to debtor countries that are committed to climate investments but lack fiscal space. Another helpful differentiation is that between middle-income debtor countries, where debt swaps could finance climate mitigation interventions, and low-income debtors, where investments in adaption deserve prioritization. Finally, debt swap proposals need to be mindful of creditor incentives, including positive reputational payoffs, achieving greater scale using a multi-creditor set-up, at the same time as carefully considering governance credentials in each country context.
24. Title: Are large-scale hydroelectric dams inherently undemocratic?
Authors: María Alejandra García, Laura Castro-Díaz, Sergio Villamayor-Tomas, Maria Claudia Lopez.
Abstract: Construction of large-scale hydroelectric dams has increased in recent decades in the Global South and emerging economies. Population resettlement is one of the most severe socioeconomic impacts caused by dam construction. Processes aiming to mitigate its impacts and restore livelihoods are often described as inadequate. The resettlement process’ ineffectiveness could be explained by persistent deficiency in citizen participation, which is also a sign of the impacted population not being able to participate in the process affecting their lives. Our research presents a medium-N comparative study showing the pathways explaining deficiency of participation across 23 large-scale hydroelectric dams in Asia, Africa, and Latin America. We conducted a fuzzy-set Qualitative Comparative Analysis based on information from a qualitative meta-analysis and secondary sources. Our results suggest that there are at least two scenarios to explain deficiency in participation. The first scenario includes dams constructed during autocracies, mostly before the release of the World Commission on Dams guidelines. The second scenario involves the largest dams in our analysis, with high economic and political interests at stake built under both autocratic and democratic regimes, despite the presence of what we categorized as effective forms of public opposition to the project and resettlement process. We discuss features that make large hydroelectric dams less participatory or inherently undemocratic in the Global South.
25. Title: Public preferences for policy intervention to protect public health from maritime activities: A 14 European country study
Authors: B.R. Roberts, M.P. White, S.M.C. Davison, O. McMeel, L.E. Fleming.
Abstract: Marine ecosystems provide a wide range of goods and services that directly and indirectly benefit economies and support human health and wellbeing. However, these ecosystems are vulnerable to anthropogenic influences such as climate change, pollution and habitat destruction. The European Union (EU) recognises the role of the blue economy in providing jobs and contributing to economic growth, with the EU Integrated Maritime Policy being a cross-sectoral framework within which maritime activities are managed and coordinated. Sustainability is a central tenet, ensuring that sectors such as aquaculture and offshore wind energy, which are earmarked for growth, must develop in ways that do not negatively impact the health of the marine environment. However, there is currently little consideration of how these activities might impact public health. The current research used survey data from 14 European countries to explore public perceptions of these issues, broadly focusing on 10 maritime activities, with a specific focus on five activities related to the EU’s 2012 Blue Growth Strategy. The respondents appreciated the interconnections between these maritime activities, environmental protection and public health, as well as the potential trade-offs. Preferences for policy intervention to protect public health from different activities were predicted by both marine contact (marine sector employment, recreational activities) and socio-demographic (political attitudes, gender, age) variables, potentially aiding future engagement and communication initiatives. Substantive differences observed across countries in terms of policy preferences for different activities, however, warn against generalising for the European population as a whole.
26. Title: Prospects for a saturation of humanity’s resource use? An analysis of material stocks and flows in nine world regions from 1900 to 2035
Authors: Dominik Wiedenhofer, Tomer Fishman, Barbara Plank, Alessio Miatto, ... Fridolin Krausmann.
Abstract: Material stocks in infrastructure, buildings and machinery shape current and future resource use and emissions. Analyses of specific countries and selected materials suggest that material stocks might saturate, which would be important for a more sustainable social metabolism. However, it is unclear to what extent the evidence holds for a wider range of stocks and flows, as well as for world regions or globally. We present an inflow-driven dynamic stock-flow model for 14 bulk materials, end-of-life outflows, recycling, and waste flows for nine world regions from 1900 to 2015, extended with trend scenarios until 2035. Material stocks are growing in all regions and show little signs of saturation yet. In 2015, China used half of global stock-building materials, overtook everyone in stock size around 2012 and grows its stock at ∼8%/year. The Industrialized regions, including the Former Soviet Union, are slowly expanding their high stock levels at ∼1%/year. Stocks in all other regions, inhabited by 60% of the world population, grow at ∼3–5%/year. Inequalities in per capita stocks between regions are large. Trend scenarios suggest potential absolute or per capita stock saturations in some of the industrialized regions, while all other regions are expected to continue high stock growth. Accumulated stocks drive future end-of-life materials and substantial maintenance and replacement requirements. Growing material stocks hamper a potential stabilization or reduction of resource use. Low stock levels in most world regions suggest a crucial window of opportunity for avoiding resource-intensive stock development. In the industrialized regions and especially China, stabilising and reducing resource use requires halting net stock expansion and transforming existing stocks. More materials- and energy-efficient and long-lived stocks which deliver high quality services, and improved reuse, repair and recycling of increasing end-of-life materials to close loops and actually replace virgin resources, are crucial for a more sustainable social metabolism.
27. Title: Assessing the state of traditional knowledge at national level
Authors: Jayalaxshmi Mistry, Deirdre Jafferally, Rebecca Xavier, Grace Albert, ... Lisa Ingwall-King.
Abstract: Traditional practices of Indigenous Peoples support the sustainable management of a quarter of the global land area. Yet their traditional knowledge is declining. To date, there has been insufficient focus on the development of participatory and evidence-based processes for assessing the state of traditional knowledge at national levels. We used traditional knowledge indicators and participatory video to evaluate the state of traditional knowledge within three Indigenous groups in Guyana. We find that traditional knowledge is perceived to be ’stable’ and responding and adapting to a diverse set of environmental factors and new circumstances. There are differences amongst Indigenous groups, but also commonalities, which help identify areas of intervention and point towards developing shared and collective narratives at the national level to feed into policy making. The findings have critical implications for the ways in which traditional knowledge should be researched, measured and safeguarded.
28. Title: Renewable energy policies and household solid fuel dependence
Authors: Elena V. McLean, Jaeyoung Hur, Taehee Whang.
Abstract: What effects do domestic and international policies have on household solid fuel consumption? Previous studies analyze some of the policies that national governments and international organizations have implemented to reduce solid fuel dependence, but these studies tend to examine one policy and/or one country at a time. In contrast, this article seeks to provide a more systematic analysis of whether and to what extent domestic and international policies can encourage transition to less polluting fuels. Using data on the proportion of population using solid cooking fuels, and domestic and international programs promoting renewable energy, we evaluate the association between renewable energy policies and household solid fuel dependence. Our statistical tests show that such policies, regardless of their domestic or international origins, matter in explaining the level of solid fuel dependence. As the number of domestic policies increases, the share of population using solid fuels tends to decline. International efforts to promote renewable energy are also linked to reduced solid fuel dependence in countries where such international programs are implemented. 
29. Title: Climate change, social vulnerability and child nutrition in South Asia 
Authors: Kathryn McMahon, Clark Gray. 
Abstract: Despite recent advancements in global population well-being and food security, climate change threatens to undermine child nutritional health, particularly for marginalized populations in tropical low- and middle-income countries. South Asia is at particular risk for climate-driven undernutrition due to a combination of historical weather exposures, existing nutritional deficits, and a lack of sanitation access. Previous studies have established that precipitation extremes increase rates of undernutrition in this region, but the existing literature lacks adequate consideration of temperature anomalies, mediating social factors, and the developmentally-relevant timing of exposure. We combine high-resolution temperature and precipitation data with large-sample survey data on household demographics and child anthropometry, using an approach that incorporates three key developmental periods and a rigorous fixed effects design. We find that precipitation extremes in the first year of life significantly decrease children’s height-for-age (HAZ) in South Asia. The detrimental effects of extreme precipitation are especially concentrated in under-resourced households, such as those lacking access to proper sanitation and education for women, while anomalous heat is particularly harmful for children in Pakistan, though it tends to benefit children in some demographic groups. These results indicate that nutritional status in South Asia is highly responsive to climate exposures, and that addressing sanitation infrastructure and other development priorities is a pathway towards reducing this vulnerability. 

30. Title: Socioeconomics effects on global hotspots of common debris items on land and the seafloor
Authors: Britta Denise Hardesty, Lauren Roman, George H. Leonard, Nicholas Mallos, ... Chris Wilcox. 
Abstract: Pollution of coastal environments by anthropogenic debris is a global problem that is increasingly in the public eye. We evaluated the influence of socioeconomic and geographic factors on common debris items at a global scale. We compared debris density and socioeconomic drivers of the ten most common items reported on land and the seafloor, analyzing data from 22,508 land-based and 7,290 seafloor clean-ups and surveys across 116 and 118 countries, respectively. We found debris hotspots for different items span numerous countries across all continents. This demonstrates that the debris problem is global and heterogeneous, pointing to the transboundary nature of the issue and necessitating sub-national approaches to implementing effective solutions. Food and beverage packaging items, predominantly made from single-use plastics, accounted for much of the debris. Hotspots of individual debris items were differentially driven by socioeconomic factors. In general, total debris counts increased with the value of infrastructure, and decreased with national wealth. Highly polluted sites occurred in high-infrastructure, low-wealth locations such as Athens, Greece; Tunis, Tunisia and Lima, Peru. Based on these findings, we identify specific opportunities for policy makers and citizens alike to focus efforts aimed at reducing debris entering the environment.
31. Title: Nature-dependent people: Mapping human direct use of nature for basic needs across the tropics
Authors: Giacomo Fedele, Camila I. Donatti, Ivan Bornacelly, David G. Hole. 
Abstract: Understanding where people depend the most on natural resources for their basic human needs is crucial for planning conservation and development interventions. For some people, nature is a direct source of food, clean water, and energy through subsistence uses. However, a high direct dependency on nature for basic needs makes people particularly sensitive to changes in climate, land cover, and land tenure. Based on more than 5 million household interviews conducted in 85 tropical countries, we identified where people highly depend on nature for their basic needs. Our results show that 1.2 billion people, or 30% of the population across tropical countries, are highly dependent on nature. In places where people highly depend on nature for their basic needs, nature-based strategies that protect, restore or sustainably manage ecosystems must be carefully designed to promote inclusive human development alongside environmental benefits. 

