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1. Title: Factors influencing hazard management by municipalities: The case of coastal communities 
Authors: Annie Lalancette, Anthony Charles 
Abstract: As climate and anthropogenic changes increase the vulnerability of coastal areas around the world, the threat (and reality) of coastal hazards grows. These threats arise particularly at a local level, calling out for more knowledge on how to best support coastal municipalities to deal with natural and human-induced hazards. This study seeks to add to the understanding through an examination of local-level experience with hazard planning and responses carried out by coastal municipalities, producing insights on how to reduce their vulnerability and support their resilience. It explores the factors influencing coastal municipalities’ management of relevant hazards to achieve comprehensive multi-hazard risk reduction and adaptation. We do so through a national survey of Canada’s coastal municipalities which assessed experience with hazards, risk perception, hazard prioritization, and the extent and specifics of hazard responses. We characterize the determinants of coastal municipalities’ behaviour and intervening factors, and conduct regression analyses to explain coastal municipalities’ risk perception, hazard prioritization, implementation of management processes for dealing with hazards, and the number of implemented or planned hazard responses. Six key factors were identified that influence hazard responses at the municipal level: experience with hazards; competing priorities; hazard visibility; access to resources (financial and technical capacity) and governance (institutional setting and political capacity). We conclude that municipal hazard responses can be reinforced by increasing the effectiveness of risk communication, promoting participatory processes, providing support for municipalities’ identified needs and priorities, ensuring municipalities have access to relevant information and expertise, and implementing integrated coastal governance and management. 
2. Title: Does hostility affect public support for the provision of global public goods among competing neighboring countries? A survey experiment in Northeast Asia
Authors: Tomomi Yamane, Shinji Kaneko
Abstract: Cooperation beyond the borders of sovereign states and investment in global public goods (GPGs) are essential for tackling transboundary challenges, such as climate change, marine pollution, and health security. However, little is known about how regional tension or isolationism might affect cooperation with neighboring countries on transboundary issues. Thus, in this study, using a conjoint experiment of representative samples from members of the public in Japan, China, and South Korea, we investigated: 1) public support for GPGs using the case of trilateral cooperation for the establishment of common global funds among Japan, China, and South Korea; and 2) the extent to which hostility toward neighboring countries affects such public support. The results showed that Chinese people had lower hostility toward neighboring countries and higher public support. Both Japanese and South Koreans had higher hostility. Meanwhile, public support was lower in Japan but moderate in South Korea. These results suggest that hostility toward neighboring countries affects public support for GPGs. The stronger the hostility toward neighboring countries is, the lower the public support for international cooperation becomes. However, the mechanisms of these effects are complex. Generally, hostility toward a government has more negative effects than hostility toward people of the same country. Furthermore, the present study provides important insights based on the findings that Chinese strongly supported building GPGs with neighboring countries, and people in all three countries somewhat supported equal sharing of the financial burden. However, authorization mechanisms for GPGs are essential, because citizens most supported GPGs managed by their home country. Thus, adopting authorization mechanisms to mutually manage funds is essential for widening public support for GPGs. 
3. Title: The anticipatory governance of sustainability transformations: Hybrid approaches and dominant perspectives
Authors: Karlijn Muiderman, Monika Zurek, Joost Vervoort, Aarti Gupta, ... Peter Driessen
Abstract: Anticipation methods and tools are increasingly used to try to imagine and govern transformations towards more sustainable futures across different policy domains and sectors. But there is a lack of research into the steering effects of anticipation on present-day governance choices, especially in the face of urgently needed sustainability transformations. This paper seeks to understand how different perspectives on anticipatory governance connect to attempts to guide policy and action toward transformative change. We analyze perspectives on anticipatory governance in a global network of food system foresight practitioners (Foresight4Food) – using a workshop, interviews, and a survey as our sources of data. We connect frameworks on anticipatory governance and on transformation to analyse different perspectives on the future and their implications for actions in the present to transform food systems and offer new insights for theory and practice. In the global Foresight4Food network, we find that most foresight practitioners use hybrid approaches to anticipatory governance that combine fundamentally different assumptions about the future. We also find that despite these diverse food futures, anticipation processes predominantly produce recommendations that follow more prediction-oriented forms of strategic planning in order to mitigate future risks. We further demonstrate that much anticipation for transformation uses the language on deep uncertainty and deliberative action without fully taking its consequences on board. Thus, opportunities for transforming future food systems are missed due to these implicit assumptions that dominate the anticipatory governance of food systems. Our combined framework helps researchers and practitioners to be more reflexive of how assumptions about key human systems such as food system futures shape what is prioritized/marginalized and included/excluded in actions to transform such systems.
4. Title: The contribution of energy law to the energy transition and energy research
Authors: Kaisa Huhta
Abstract: fact, law often remains confined within its silo, inaccessible to non-lawyers due to its distinctive methodological characteristics and internal jargon. This article aims to initiate an accessible dialogue between energy law and other energy-focused disciplines. It first explains how energy law, as a legal discipline, should be understood in this context and what that implies for energy law as a system of governance. It then explores the interface between energy law and other disciplines in which research into the energy transition is carried out. The article identifies and evaluates the roles of energy law in the energy transition, concluding with a summary of the implications of the role of energy law for the energy transition and for energy research.
5. Title: Does funds-based adaptation finance reach the most vulnerable countries?
Authors: Matthias Garschagen, Deepal Doshi
Abstract: The evolving architecture of global climate change adaptation finance is shifting towards fund mechanisms with competitive application and allocation principles. At the same time, prioritization of the most vulnerable countries is a key goal within this emerging architecture. The paper analyses whether the Green Climate Fund (GCF), by far the largest climate change fund, has so far delivered on its promise to prioritize the most vulnerable countries. For our analysis, we consider the USD 2.5 billion GCF funding allocated until the end of the first mobilization phase and disaggregate it project-by-project into its mitigation and adaptation related amounts. We then analyze the adaptation flows in terms of the recipient country’s level of vulnerability and institutional capacity. We further analyze whether funds are being accessed through independent national entities or international intermediaries and whether recipient countries have developing country priority status. The results show that funds-based adaptation finance creates an ambiguous picture: On the one hand, the GCF is on track in allocating its funds largely to country groups which its statutes aim to prioritize, particularly LDCs, African countries and SIDS. At the same time, the proposal process results in the fact that many countries with the highest climate vulnerability but weak government institutions and fragile state-bureaucracies have missed out and not been able to access project funding, mostly LDCs in Africa and conflict-ridden countries. Further, most countries have not yet been able to access project funds independently through their national entities, limiting direct access and country ownership – the strengthening of which is a major goal of the fund. The findings suggest that simplified approval tracks need to be strengthened in the emerging climate finance architecture so that populations in countries with the lowest institutional capacity but highest vulnerability are not being left behind in the long-run.
6. Title: Drivers and dimensions of flood risk perceptions: Revealing an implicit selection bias and lessons for communication policies
Authors: Samuel Rufat, W.J. Wouter Botzen
Abstract: Flood damages have increased in many regions around the world, and they are expected to continue to rise in the future due to climate change. To reverse this trend, awareness of flood risk among the population is required to support flood risk management policies and improve flood preparedness. However, empirical studies on the drivers of flood risk perceptions conducted thus far have reported mixed and contradictory results. The aim of this study is to provide insights into the factors that influence perceptions of various dimensions of flood risk to draw lessons to guide flood risk communication strategies. We test a variety of hypotheses of possible factors of influence on flood risk perceptions that are motivated by theoretical concepts and previous empirical studies, whilst also controlling for socio-demographic variables. A representative sample of 2,976 residents answered our survey assessing the role that past flood experiences and risk communication play in shaping flood risk perceptions. Besides exploring flood risk perceptions more robustly, this large sample also facilitates the systematic study of ‘don’t know’ answers, which are often dismissed as missing data in many studies. Rather in this study we analyze what ‘don’t know’ answers reflect in terms of knowledge about particular dimensions of flood risk. The study finds that older people, as well as those who have higher levels of income and education, are significantly more likely to express their flood risk perceptions, respondents who are unable to answer the questions on flood risk perceptions face a lower flood risk, report to have been living in their neighbourhood for a shorter period of time and have less first-hand flood experience. Previous studies might thus be biased by an implicit selection effect. Finally, we show that findings are highly dependent on other explicit choices made by researchers, including the apparently self-fulfilling impact of selecting one explanatory framework over another. New insights emerge from the role that information campaigns and social vulnerability play in the ability to answer the questions. Based on our findings, we offer recommendations for improving flood risk communication policies, specifically increasing the frequency of communication, ensuring that campaigns are focused in terms of the content they provide and the subgroups of the population they target. 
7. Title: COVID-19 to go? The role of disasters and evacuation in the COVID-19 pandemic
Authors: Courtney Page-Tan, Timothy Fraser 
Abstract: Since the start of the pandemic, some U.S. communities have faced record storms, fires, and floods. Communities have confronted the increased challenge of curbing the spread of COVID-19 amid evacuation orders and short-term displacement that result from hazards. This raises the question of whether disasters, evacuations, and displacements have resulted in above-average infection rates during the COVID-19 pandemic. This study investigates the relationship between disaster intensity, sheltering-in-place, evacuation-related mobility, and contagion following Hurricane Zeta in Southeastern Louisiana and The Wildfires in Napa and Sonoma Counties, California, known as the Glass Fire. We draw on data from the county subdivision level and mapped and aggregated tallies of Facebook user movement from the Facebook Data for Good program’s GeoInsights Portal. We test the effects of disasters, evacuation, and shelter-in-place behaviors on COVID-19 spread using panel data models, matched panel models, and synthetic control experiments. Our findings suggest associations between disaster intensity and higher rates of COVID-19 cases. We also find that while sheltering-in-place led to decreases in the spread of COVID-19, evacuation-related mobility did not result in our hypothesized surge of cases immediately after the disasters. The findings from this study aim to inform policymakers and scholars about how to better respond to disasters during multi-crisis events, such as offering hotel accommodations to evacuees instead of mass shelters and updating intake and accommodation procedures at shelters, such as administration temperature screenings, offering hand sanitizing stations, and providing isolated areas for ill evacuees.
8. Title: Good practice policies to bridge the emissions gap in key countries
Authors: Luiz Bernardo Baptista, Roberto Schaeffer, Heleen L. van Soest, Panagiotis Fragkos, ... Chai Qimin
Abstract: One key aspect of the Paris Agreement is the goal to limit the global average temperature increase to well below 2 °C by the end of the century. To achieve the Paris Agreement goals, countries need to submit, and periodically update, their Nationally Determined Contributions (NDCs). Recent studies show that NDCs and currently implemented national policies are not sufficient to cover the ambition level of the temperature limit agreed upon in the Paris Agreement, meaning that we need to collectively increase climate action to stabilize global warming at levels considered safe. This paper explores the generalization of previously adopted good practice policies (GPPs) to bridge the emissions gap between current policies, NDCs ambitions and a well below 2 °C world, facilitating the creation of a bridge trajectory in key major-emitting countries. These GPPs are implemented in eleven well-established national Integrated Assessment Models (IAMs) for Australia, Brazil, Canada, China, European Union (EU), India, Indonesia, Japan, Russia, South Korea, and the United States, that provide least-cost, low-carbon scenarios up to 2050. Results show that GPPs can play an important role in each region, with energy supply policies appearing as one of the biggest contributors to the reduction of carbon emissions. However, GPPs by themselves are not enough to close the emission gap, and as such more will be needed in these economies to collectively increase climate action to stabilize global warming at levels considered safe. 

9. Title: Imperialist appropriation in the world economy: Drain from the global South through unequal exchange, 1990–2015
Authors: Jason Hickel, Christian Dorninger, Hanspeter Wieland, Intan Suwandi
Abstract: Unequal exchange theory posits that economic growth in the “advanced economies” of the global North relies on a large net appropriation of resources and labour from the global South, extracted through price differentials in international trade. Past attempts to estimate the scale and value of this drain have faced a number of conceptual and empirical limitations, and have been unable to capture the upstream resources and labour embodied in traded goods. Here we use environmental input-output data and footprint analysis to quantify the physical scale of net appropriation from the South in terms of embodied resources and labour over the period 1990 to 2015. We then represent the value of appropriated resources in terms of prevailing market prices. Our results show that in 2015 the North net appropriated from the South 12 billion tons of embodied raw material equivalents, 822 million hectares of embodied land, 21 exajoules of embodied energy, and 188 million person-years of embodied labour, worth $10.8 trillion in Northern prices – enough to end extreme poverty 70 times over. Over the whole period, drain from the South totalled $242 trillion (constant 2010 USD). This drain represents a significant windfall for the global North, equivalent to a quarter of Northern GDP. For comparison, we also report drain in global average prices. Using this method, we find that the South’s losses due to unequal exchange outstrip their total aid receipts over the period by a factor of 30. Our analysis confirms that unequal exchange is a significant driver of global inequality, uneven development, and ecological breakdown.
10. Title: Conflicted transitions: Exploring the actors, tactics, and outcomes of social opposition against energy infrastructure
Authors: Benjamin K. Sovacool, David J. Hess, Roberto Cantoni, Dasom Lee, ... Shubhi Goel
Abstract: Given the growing frequency, severity, and salience of social mobilization and community action on energy and climate issues, in this study we systematically explore the configurations of types of infrastructure, actors, tactics, and outcomes of recent opposition to energy transitions across seven carbon-intensive regions in Asia, Europe, and North America. Based on both a literature review and an original dataset of 130 case studies spanning the past decade, we track opposition to a wide range of energy infrastructure in these regions, including low-carbon options such as renewable energy and nuclear power; provide network analyses of the actors and coalitions involved in such events; and develop a typology and frequency analysis of tactics (such as litigation or protest), and outcomes (such as remuneration, policy change, concessions, or labor protections). We show that the politics of energy transitions in carbon-intensive regions varies significantly from country to country and across types of energy, and we discuss how the configurations of infrastructure, actors, tactics, and outcomes can be explained by differences in national institutions and their responses to global or supranational pressures. By bringing both a sociotechnical and comparative perspective to the global analysis of social movements and energy transitions, we suggest how goals of energy transition are refracted through national and subnational institutions and through local mobilizations both in support of and opposed to those transitions.
11. Title: The role of working-class communities and the slow violence of toxic pollution in environmental health conflicts: A global perspective
Authors: Grettel Navas, Giacomo D'Alisa, Joan Martínez-Alier
Abstract: Analysing a sample of 3,033 environmental conflicts around the globe, we compared conflicts reporting no human health impacts to those reporting health impacts linked to toxic pollution. Our study suggests four main findings. First, health impacts are a key concern for working-class communities. Second, the long-term effects of toxic pollution undermine communities' ability to act preventively. Third, industrial activities, waste management and nuclear energy conflicts are more likely to report health impacts than other economic activities. Last, mobilising groups are reluctant to consider the closure of a polluting project a successful outcome because of the persistence of toxic pollution across time. Our results contribute to a better understanding of the dynamics of what we have termed ‘environmental health conflicts’ (EHCs).
12. Title: Willingness-to-pay for carbon dioxide offsets: Field evidence on revealed preferences in the aviation industry
Authors: Sebastian Berger, Andreas Kilchenmann, Oliver Lenz, Francisco Schlöder
Abstract: Voluntary offsetting of flight-related emissions is an important cornerstone of passengers’ individual efforts to contribute to climate change mitigation. Hence, many scientific studies have tried to assess people’s willingness-to-pay to offset their own flight-related carbon emissions. Up-to-date, these studies are overwhelmingly grounded in hypothetical stated-preference approaches, with very limited knowledge about external validity. Here, we report on an observational field study involving a final sample of 63,520 bookings made with a European airline, allowing us to gauge actual willingness-to-pay for carbon dioxide compensation in a revealed-preference approach. Our pre-registered study shows that the median willingness-to-pay to voluntarily offset a ton of carbon dioxide from flight-related emissions is zero, with the mean willingness-to-pay being around 1 EUR. Aggregated voluntary willingness-to-pay thus dramatically falls short of current prices to offset carbon dioxide, for example through the EU-ETS. Our results thereby question the suitability of self-reported, hypothetical assessments of offsetting and raise caution about the effectiveness of offsetting schemes, which currently do not very successfully internalize flight-related cost of emissions.
13. Title: Tackling the climate, biodiversity and pollution emergencies by making peace with nature 50 years after the Stockholm Conference
Authors: Ivar A. Baste, Robert T. Watson
Abstract: Today’s increasingly unequal and resource intensive development model degrades and surpasses Earth’s finite capacity to sustain human well-being. Society must restore this capacity and adapt to it without surrendering hard won development gains while also honoring the rightful aspirations of poorer nations and people to enjoy better living standards, according to the UNEP report “Making Peace with Nature”. This article presents findings from the report and reflections on how to take advantage of the 50 years of experience gained since the Stockholm Conference on the Human Environment. The interconnected environmental emergencies of climate change, loss of biodiversity and pollution need to be addressed together. International scientific assessments are providing the knowledge base for informed evidence-based decision-making, but none of the internationally agreed environmentally targets for climate and biodiversity have been met and the situation is becoming more dire with each passing year. Unless these issues are addressed in the next 5–10 years none of the 2030 sustainable development goals will be achieved. Human knowledge, ingenuity, technology and cooperation need to be mobilized in such an effort. The 2030 Agenda for Sustainable Development with its 17 Sustainable Development Goals provides a blueprint for the transformation. The international environmental governance structure needs to facilitate a system-wide cross-sectoral transformation of humankind's relationship with nature. Transformed economic, financial and productive systems can lead and power the shift to sustainability. Major shifts in investment and regulation are key to just and informed transformations that overcome inertia and opposition from vested interests. Government actions at all levels are needed together with strengthened actions by all actors in society and the next decade is critical.
14. Title: The tragedy of the commodity is not inevitable: Indigenous resistance prevents high-value fisheries collapse in the Pacific islands
Authors: Caroline E. Ferguson, Nathan J. Bennett, William Kostka, Robert H. Richmond, Ann Singeo
Abstract: The emergence of export markets for high-value seafood products tends to produce a predictable pattern of serial depletion of resources and social disruption in coastal communities, a phenomenon described as ‘the tragedy of the commodity’. The sea cucumber trade epitomizes these challenges, with cases of rapid growth followed by fishery collapse documented across the Indo-Pacific and the majority of assessed stocks worldwide overexploited. Is this ‘boom-bust’ sequence inevitable? We examine three cases of resistance to the sea cucumber trade from Palau, Pohnpei, and Yap. Despite the overwhelming short-term financial incentives to export, fishers, youth, elected and traditional leaders, and civil society organizations coordinated to ban the trade at its peak, using public protest, court battles, and customary and statutory law. We show that, like the tragedy of the commons, Indigenous peoples and local communities can organize to resist the tragedy of the commodity. They do so by asserting Indigenous values, rights, and institutions, recommonizing the resource and preventing fisheries collapse. These cases challenge the inevitability of the tragedy of the commodity and the narrative of poor fishers as vulnerable and disempowered.
15. Title: A global analysis of urbanization effects on amphibian richness: Patterns and drivers
Authors: Lu Yang, Shuqing Zhao, Shuguang Liu
Abstract: Urbanization presents an unplanned and highly replicated global experiment to understand biotic responses to global changes. Here we conducted a global analysis on patterns and drivers of urbanization effects on biodiversity using the global amphibian richness dataset along with background climate and the continuous rural-urban gradients. We, for the first time, empirically generalized the urbanizational gradients of amphibian richness at the global scale and in different climate zones despite the substantial differences in history, ecological context, and socioeconomic conditions across large geospatial extents. We found a positive imprint of urbanization on amphibian richness in cool and climate zones whereas the presence of urban thermal stress in high temperature climate zones. Anthropogenic forces behind the urbanization gradients entangled with environmental variables directly and indirectly drove the patterns as revealed by the structural equation modeling (SEM). The urbanizational diversity gradient (UDG) found in this study might signify the existence of another general principle in ecology analogous to well-known latitudinal and elevational diversity gradients. We proposed the heat-and-threat balance (HATB) hypothesis to explain UDG: urbanization-induced heat would promote biodiversity if the ambient temperatures are cooler than their optima. Alternatively, it may put threats on biodiversity when the ambient temperatures are close to their optima. There is an urgent need to advance the knowledge on UDG in an urbanizing planet by additional studies from diverse taxa, various geographical locations, and at different scales.
16. Title: OK Boomer: A decade of generational differences in feelings about climate change
Authors: Janet K. Swim, Rosemary Aviste, Michael L. Lengieza, Carlie J. Fasano
Abstract: The emergence of concern about and evidence of climate change has been argued to create a cultural milieu unique to the Millennial generation (born between 1981 and 1996) and iGeneration (aka iGens or Generation Z born after 1997). The present research tested a) claims of unique angst about climate change among younger versus older generations, b) growing generational discrepancies over time in emotions about climate change, c) generational differences for several emotions about climate change, and d) the implications of these emotions for motivating people to discuss climate change with others, potentially aiding coping with climate change and facilitating action to address climate change. Survey data gathered from 2010 to 2019 of a representative sample of United States residents (N = 22,468) document greater increases in worry about climate change and, to a lesser degree, anger and guilt about climate change, within the two youngest generations relative to changes among Generation X, Baby Boomers, and the Silent and Greatest Generations. Although generational differences were small and suggest overstatements of unique effects for younger generations, increases in younger generations’ emotions transform into the two youngest generations reporting the strongest emotions in 2019. Over ten years, these differential shifts in emotions explain more substantial increases in the frequency of discussing climate in the youngest generations.
17. Title: Which states will lead a just transition for the Arctic? A DeePeR analysis of global data on Arctic states and formal observer states
Authors: Darren McCauley, Kerry A. Pettigrew, Mia M. Bennett, Iain Todd, Corine Wood-Donnelly
Abstract: A fair and equitable low carbon future depends on a just transition which, in turn, requires leadership. Where the Arctic is concerned, this leadership is currently lacking. To gauge which states are most likely to provide leadership in the global energy transition, a quantitative rank-percentile assessment of 21 Arctic Council members and Observer states was conducted, using measures relevant to the just transition. Data from multiple open-access sources were combined, creating a model to ‘evaluate energy and equity aspects of Distributional, Procedural and Restorative’ justice (DeePeR). Results suggest normative leadership on a just transition for the Arctic comprises international climate contributions in line with carbon emission records and a commitment to both fair and green jobs. Reflections are made on the positive and negative effects of a more involved EU for the just transition agenda in the Arctic.
18. Title: The importance of infrastructure and national demand to represent constraints on water supply in the United States
Authors: James Rising, Laureline Josset, Tara Troy, Upmanu Lall
Abstract: Water stress in many regions is a consequence of precipitation that is spatially and temporally distant and the cumulative effects of withdrawals, inter-basin transfers, and reservoirs. Most maps of “water risk” do not account for the role of infrastructure and rely on local runoff metrics, which may be a poor proxy for experienced water stress. We present a new spatial and multi-sectoral optimization model of resource networks, applied here to water resources in the United States. The model, AWASH, includes a detailed representation of surface water and reservoirs, and relates water risk directly to failures to meet water demand as a function of climate. We find that considering the role of water conveyance and storage infrastructure in managing supply leads to a radically different picture of water risk, with substantial reductions due to both types of infrastructure – up to 60% reduction in risk due to conveyance and 38% due to storage. This highlights the importance of accounting of the role of infrastructure in national climate risk assessment and adaptation strategies.
19. Title: Distributive justice in global climate finance – Recipients’ climate vulnerability and the allocation of climate funds
Authors: Md. Mofakkarul Islam
Abstract: The ‘climate justice’ lens is increasingly being used in framing discussions and debates on global climate finance. A variant of such justice – distributive justice – emphasises recipient countries’ vulnerability to be an important consideration in funding allocation. The extent to which this principle is pursued in practice has been of widespread and ongoing concerns. Empirical evidence in this regard however remains inadequate and methodologically weak. This research examined the effect of recipients’ climate vulnerability on the allocation of climate funds by controlling for other commonly-identified determinants. A dynamic panel regression method based on Generalised Method of Moments (GMM) was used on a longitudinal dataset, containing approved funds for more than 100,000 projects covering three areas of climate action (mitigation, adaptation, and overlap) in 133 countries over two decades (2000–2018). Findings indicated a non-significant effect of recipients’ vulnerability on mitigation funding, but significant positive effects on adaptation and overlap fundings. ‘Most vulnerable’ countries were likely to receive higher amounts of these two types of funding than the ‘least vulnerable’ countries. All these provided evidence of distributive justice. However, the relationship between vulnerability and funding was parabolic, suggesting ‘moderately vulnerable’ countries likely to receive more funding than the ‘most vulnerable’ countries. Whilst, for mitigation funding, this observation was not a reason for concern, for adaptation and overlap fundings this was not in complete harmony with distributive justice. Paradoxically, countries with better investment readiness were likely to receive more adaptation and overlap funds. In discordance with distributive justice, countries within the Sub-Saharan Africa and South Asia regions, despite their higher climatic vulnerabilities, were likely to receive significantly less adaptation and overlap fundings. Effects of vulnerability were persistent, and past funding had significant effects on current funding. These, coupled with the impact of readiness, suggested a probable Low Funding Trap for the world’s most vulnerable countries. The overarching conclusion is that, although positive changes have occurred since the 2015 Paris Agreement, considerable challenges to distributive justice remain. Significant data and methodological challenges encountered in the research and their implications are also discussed.
20. Title: Greenhouse gas emissions from global cities under SSP/RCP scenarios, 1990 to 2100
Authors: Kevin R. Gurney, Şiir Kılkış, Karen C. Seto, Shuaib Lwasa, ... Muhammed Luqman
Abstract: Projections of greenhouse gas (GHG) emissions are critical to enable a better understanding and anticipation of future climate change under different socio-economic conditions and mitigation strategies. The climate projections and scenarios assessed by the Intergovernmental Panel on Climate Change, following the Shared Socioeconomic Pathway (SSP)-Representative Concentration Pathway (RCP) framework, have provided a rich understanding of the constraints and opportunities for policy action. However, the current emissions scenarios lack an explicit treatment of urban emissions within the global context. Given the pace and scale of urbanization, with global urban populations expected to increase from about 4.4 billion today to about 7 billion by 2050, there is an urgent need to fill this knowledge gap. Here, we estimate the share of global GHG emissions driven by urban areas from 1990 to 2100 based on the SSP-RCP framework. The urban consumption-based GHG emissions are presented in five regional aggregates and based on a combination of the urban population share, 2015 urban per capita CO2eq carbon footprint, SSP-based national CO2eq emissions, and recent analysis of urban per capita CO2eq trends. We find that urban areas account for the majority of global GHG emissions in 2015 (61.8%). Moreover, the urban share of global GHG emissions progressively increases into the future, exceeding 80% in some scenarios by the end of the century. The combined urban areas in Asia and Developing Pacific, and Developed Countries account for 65.0% to 73.3% of cumulative urban consumption-based emissions between 2020 and 2100 across the scenarios. Given these dominant roles, we describe the implications for potential urban mitigation in each of the scenario narratives in order to meet the goal of climate neutrality within this century.
21. Title: China’s rising influence on climate governance: Forging a path for the global South
Authors: Jianfeng Jeffrey Qi, Peter Dauvergne
Abstract: China’s influence on climate governance has been steadily increasing since the adoption of the Paris Agreement on climate change in 2015. Much of this influence, this article argues, has come from China forging a path for climate adaptation and mitigation for the global South. This is having far-reaching consequences, the article further argues, for the politics of global climate governance. China’s discursive and diplomatic power in climate politics is growing as China builds alliances across the global South. China is leveraging this enhanced soft power to elevate the importance of adaptation in multilateral climate negotiations, advance a technocentric approach to climate mitigation, export its development model, and promote industrial-scale afforestation as a nature-based climate solution. China’s strategy is enhancing climate financing, technology transfers, renewable power, and adaptation infrastructure across the global South. To some extent, this is helping with a transition to a low-carbon world economy. Yet China’s leadership is also reinforcing incremental, technocratic, and growth-oriented solutions in global climate governance. These findings advance the understanding of China’s role in global environmental politics, especially its growing influence on climate governance in the global South.
22. Title: Methods matter: Improved practices for environmental evaluation of dietary patterns
Authors: Friederike Ziegler, Peter H. Tyedmers, Robert W.R. Parker
Abstract: Making food systems more sustainable is one of humanity’s largest challenges. Over two decades of life cycle assessment research on the environmental performance of food systems has helped to inform efforts to address this challenge. In recent years, there has been much interest in aggregating the results of these studies at scales of national production, dietary patterns, and future food scenarios. The process of comparing impacts of diverse products based on extant literature presents numerous challenges which have been inadequately addressed. Drawing upon examples of greenhouse gas emissions and seafood systems, we suggest best practices to support more complete, consistent, and comparable aggregation practices. Ultimately this would lead to more robust industry and consumer decisions and public policy. We suggest to: 1) define product groups reflecting impact drivers and in accordance with study goals, 2) select studies in a transparent way whose methods are consistent, and 3) assess results in the context of actual production or consumption patterns. Applying these practices would strengthen food life cycle assessment aggregation studies as a tool guiding towards sustainable food systems.
23. Title: From mountains to megaregions: A powershed analysis of the Third Pole hydropower boom 
Authors: Tyler Harlan, Thomas Hennig
Abstract: Hydropower is booming in Asian river basins originating on the Tibetan Plateau and adjoining mountain ranges – often referred to as the “Third Pole.” These plants generate significant power for Asia’s megaregions; they also dramatically alter environments, economies, and livelihoods in mountainous regions. Yet, current understanding of these developments is limited to specific rivers or countries, obscuring the important relational drivers and characteristics of the boom. In this article, we deploy a novel powershed framework – defined as the material and socio-political infrastructure linking electricity supply and demand areas – to analyze and compare the regional power geographies that shape Third Pole hydropower development. Using this framework, we identify ten powersheds across China, Southeast Asia, and South Asia basins that incorporate the vast majority of new hydropower generation. Our analysis reveals a clear trend towards developing large-scale hydropower in the mountains for the purpose of exporting electricity to megaregions. These powersheds are complex and in flux, crossing political and basin boundaries in ways that defy traditional hydropower analyses. This article thus reveals power export to be the main driver of the boom and its characteristics; it also provides a framework for analyzing power geographies worldwide.
24. Title: Trans-Arctic shipping routes expanding faster than the model projections
Authors: Yunfeng Cao, Shunlin Liang, Laixiang Sun, Jiping Liu, ... Kuishuang Feng
Abstract: Rapid declines in Arctic sea ice coverage over the past four decades have increased the commercial feasibility of trans-Arctic routes. However, the historical changes in navigability of trans-Arctic routes remain unclear, and projections by global circulation models (GCMs) contain large uncertainties since they cannot simulate long-term Arctic sea ice changes. In this study, we determined the changes in trans-Arctic routes from 1979 to 2019 by combining two harmonized high-quality daily sea ice products. We found that the trans-Arctic routes are becoming navigable much faster than projected by the GCMs. The navigation season for open water (OW) vessels along the Northeast Passage (NEP) has lengthened from occasionally navigable in the 1980 s to 92 ± 15 days in the 2010 s. In contrast, previous GCM projections have suggested that navigability would not be achieved until the mid-21st century. The 90-day safety shipping area for OW vessels expanded by 35% during 1979–2018, reaching 8.28 million km2 in 2018, indicating an increasing rate of 0.08 ± 0.01 million km2 per year. The shortest trans-Arctic routes were also shifted further north than the model projections. Regular ships have been able to safely travel north along the islands in the NEP and transit through the M’Clure Strait in the Canadian Arctic Archipelago during the 2010 s, while previous studies have projected that this would not be feasible until the mid-21st century. We also found that the improved navigability of trans-Arctic routes enables commercial ships to transport approximately 33–66% (at the same load factor) more goods from East Asia to Europe during the Arctic shipping season than by the traditional Suez Canal route. These findings highlight the need for aggressive actions to develop mandatory rules that promote navigation safety and strengthen environmental protection in the Arctic.
25. Title: Explaining risk perception of microplastics: Results from a representative survey in Germany
Authors: Johanna Kramm, Stefanie Steinhoff, Simon Werschmöller, Beate Völker, Carolin Völker
Abstract: Plastic pollution through small particles, so-called microplastics, is acknowledged as an environmental problem of global dimension by both politicians, and the public. An increasing number of environmental studies investigate the exposure and effects of microplastics. Although there are many open questions, current scientific evidence does not confirm a high risk for the environment. At the same time, the issue receives great public attention, which in turn motivates various political and policy actions. So far, little research has examined the underlying social dimensions, i.e., the factors explaining individual risk perception of microplastics. This paper studies the perception of risks associated with microplastics concerning the environment and human health using data from a representative online survey conducted in Germany (n = 1027). We particularly examine the role of socio-demographics, individual awareness, knowledge factors, and the media’s influence on risk perception. Our results show that a majority of the respondents rates the risks through microplastics very high for both the environment and human health. Regression analyses demonstrate that environmental awareness and knowledge of media narratives are the strongest predictors for this risk perception. Our study illustrates the incongruence between scientific knowledge, media framing, and the public opinion concerning the risk posed by microplastics.
26. Title: A global comparison of carbon-water-food nexus based on dietary consumption
Authors: Jing-Li Fan, Xiaowei Feng, Yangyang Dong, Xian Zhang
Abstract: Exploring the environmental impact of dietary consumption has become increasingly important to understand the carbon-water-food nexus, vital to achieving UN sustainable development goals. However, the research on diet-based nexus assessment is still lacking. Here, we developed an Environmentally Extended Multi-Regional Input-Output (EE-MRIO) model with compiling a global MRIO table based on the latest Global Trade Analysis Project (GTAP) 10 database, where we specifically constructed a water withdrawal account and matched it to each economy at the sectoral level. The regional heterogeneity and synergy of carbon-water nexus affected by dietary patterns in nine countries was explored. The results show that: (1) Dietary consumption is the main use of water withdrawal for each country; Japan, the US, South Korea, and India have a high per capita dietary water footprint. Mainly due to consumption of processed rice, Japan has the highest per capita value of 488 M3/year, accounting for 63.4% of the total water footprint. (2) The total dietary carbon footprints in China, India, and the US are high, which is mainly caused by the high consumption of animal products (including dairy) either due to the large population (China, India) or animal-based diet (the US). Americans have the highest per capita dietary carbon footprint, reaching 755.4 kg/year, 2.76 times that of the global average. (3) Generally, imported/foreign footprints account for a greater share in dietary water and carbon footprints of developed countries with an animal-based diet. (4) In the nexus analysis, the US, Japan, and South Korea are key-nexus countries, vegetables, fruit and nuts, tobacco and beverages, and other food products are selected as key-nexus sectors with relatively high dietary water and carbon footprint. Furthermore, dietary consumption choices lead to different environmental impacts. It is particularly important to find a sustainable dietary route adapted to each country considering that heterogeneity and synergism exist in key-nexus sectors to achieve the relevant Sustainable Development Goals.
27. Title: What role do climate considerations play in consumption of red meat in Norway?
Authors: Arild Vatn, Marianne Aasen, John Thøgersen, Riley E. Dunlap, ... Paul Stern
Abstract: Reducing emissions of greenhouse gases is facilitated by changes in several consumption activities, such as food choices. This paper examines factors explaining red meat consumption in Norway, especially the role of climate concerns. The paper adds to our knowledge as most existing analyses of (red) meat consumption focus on health and animal welfare issues. Moreover, it expands our understanding by drawing on perspectives from both institutional and social psychological theory, including variables emphasizing the social dynamics behind consumption decisions. The study is based on data from a survey of 2000 people aged 18 years or older conducted in 2018. The data are analyzed using structural equation modelling. We find that there is a strong pro-meat culture in Norway, currently rather weakly influenced by climate concerns – specifically, personal norms and social pressures focused on reducing climate impacts. Instead, habits, beliefs about the qualities of red meat (being tasteful, nutritious, healthy) and social norms supporting red meat consumption are the three most important factors explaining the variation observed. Gender and income also influence red meat consumption, but less than found in other studies. The paper discusses policy implications of these findings, including for taxation, point-of-sale information and communicative processes to support changes in the perceptions of what could be a new “normal” diet.
28. Title: On viability: Climate change and the science of possible futures
Authors: Kasia Paprocki
Abstract: Growing attention to the impacts of climate change around the world has been accompanied by the profusion of discourses about the lives, livelihoods, and geographies that are “viable” and those that are not in the time of climate change. These discourses of viability often invoke concrete physical limits and tipping points suggesting a transcendent natural order. Conversely, I demonstrate how viability is co-produced through political economic structures that exercise power at multiple scales in shaping the environment and understandings of how it is changing. I describe three dialectics of this co-production: epistemic/material (between ideas about viability and their biophysical and political economic conditions), epistemic/normative (between how the world is understood to be and ideas about how we should live in it), and inter-scalar (between geographic scales, where action at one scale shapes both ecologies and understandings of possible action at another). Each of these dialectics shapes the knowledge regimes that govern the ambiguous social and biophysical process of disappearance and foreclosure of livelihood possibilities in the time of climate change. I examine these discourses of viability through narratives of unviable agrarian livelihoods in coastal Bangladesh, as a lens through which to examine the dialectics of viability more broadly. I situate these discourses concretely in relation to an analysis of interdisciplinary social and natural scientific research on ecological and agrarian viability in coastal Bangladesh now and in the future. Across a broad interdisciplinary spectrum, I find that scientific attention to political economy shapes the politics of possibility. Finally, I demonstrate how discourses of viability limit alternative possible economic and ecological futures. I do this through a concrete examination of the co-production of viable agrarian futures within communities in coastal Bangladesh. These alternative visions indicate that the viability of agriculture is shaped by historical and ongoing decisions in the present about cultivation, water management, and development intervention. 

29. Title: Steel stocks and flows of global merchant fleets as material base of international trade from 1980 to 2050
Authors: Xianghui Kong, Kuishuang Feng, Peng Wang, Zheng Wan, ... Jiashuo Li
Abstract: Exploring the dynamic changes of steel from the ships is critical for developing sustainable strategies for waste management of shipping industry. However, the information of stocks and flows of ships and related steel is currently unavailable, hindering the sustainable development of shipping industry. By collecting dispersed information on production, use, material composition, and end-of-life management of five types ships, we first estimated the historical steel stocks and flows respect to global ships from 1980 to 2019, and further projected the amount of steel scraps from shipbreaking by 2050. The steel stocks of ships increased by 2.6 times from 208.4 Mt in 1980 to 542.9 Mt in 2019. The top 2 regional contributors, Asia and Latin America & the Caribbean, were together responsible for about half of the total increase. A transition from oil tankers to container ships and bulk carriers reduced the in-use steel stock due to the lower steel intensity of the latter. The rapid increase of ship stocks after year 1980 led to significant increase of steel scrap in the 2010 s, reaching 10.1 Mt/year in 2019. Our projections showed that the steel from scrapped ships worldwide will increase by around 4-fold to 40.4–47.3 Mt/year by 2050, which imposed a great challenge on coordination of recycling ship-related steel and require long-term planning on ship recycling facility development. By identifying the stocks and flows of ships and related steel, this study provides insights for the steel waste and recycling management of end-of-life ships worldwide.

30. Title: The impact of agricultural trade approaches on global economic modeling
Authors: Xin Zhao, Marshall A. Wise, Stephanie T. Waldhoff, G. Page Kyle, ... Katherine V. Calvin
Abstract: Researchers explore future economic and climate scenarios using global economic and integrated assessment models to understand long-term interactions between human development and global environmental changes. However, differences in trade modeling approaches are an important source of uncertainty in these types of assessments, particularly for regional projections. In this study, we modified the Global Change Analysis Model (GCAM) to include a novel logit-based Armington trade structure, to examine two approaches to modeling trade: (1) an approach that represents segmented regional markets (SRM), and (2) an approach that represents integrated world markets (IWM). Our results demonstrate that assuming IWM, i.e., homogeneous product modeling and neglecting economic geography, could lead to lower cropland use (i.e., by 115 million hectares globally) and terrestrial carbon fluxes (i.e., by 25%) by the end of the century under the default GCAM scenario, compared with the logit-based Armington SRM structure. The results are highly heterogeneous across regions, with more pronounced regional trade responses driven by global market integration. Our study highlights the critical role that assumptions about future trade paradigms play in global economic and integrated assessment modeling. The results imply that closer harmonization of trade modeling approaches and trade parameter values could increase the convergence of regional results among models in model intercomparison studies.
