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1. Title: Private provisioning of public adaptation: Integration of cognitive-behavioral, adaptive capacity, and institutional approaches
Authors: Hallie Eakin, Nadine Methner, Gina Ziervogel
Abstract: There is a growing need to create conditions for private actors to engage in provisioning of public adaptation in urban systems. Urban administrators have limited control over the urban dynamics necessary to achieve their climate adaptation policy goals. The actions of private actors – residents, businesses, civil society organizations – have significant influence over urban development trajectories. City administrators thus must engage with private actors to mobilize their responses, particularly for extreme climate threats that require everyone to “do their part” to achieve an aggregate state of improved adaptedness for the urban system as a whole. We combine insights from cognitive and behavioral theory, institutional analysis, adaptive capacity, and research on urban adaptation governance to create a conceptual framework to advance theoretical understanding of the potential for private provisioning for public adaptation. We apply these insights to the case of urban actors’ responses to the drought of 2017–19 in the City of Cape Town, South Africa. The case illustrates how social norms and identities interact with socioeconomic status, distinct histories with public institutions and authorities, and relative “stocks” of specific and generic capacities to shape private actors’ willingness to engage in self-transcendent, public-oriented adaptation. The complexity of these interactions challenge efforts of urban administrators to design effective interventions. Policy to foster private provisioning will need to address the difficult questions of how the urban public is defined, who is included, who is excluded, and how individual adaptations can augment or undermine public adaptation goals.
2. Title: How social movements use religious creativity to address environmental crises in Indonesian local communities
Authors: Jonathan Davis Smith, Ronald Adam, Samsul Maarif
Abstract: Religions play an important yet poorly understood part in how social movements motivate societies to respond to environmental crises and the rapidly changing climate. Indonesia sits on the global frontline of environmental crises, with a rich history of religious diversity and environmental activism. Using framework synthesis, we analyzed 244 empirical studies (English and Indonesian) on 208 environmental social movements operating in local communities in Indonesia from 1990 through 2022. We developed a conceptual model showing how grassroots movements used lived religion to create new environmental practices and motivate environmental behavioral changes in diverse local communities. Our study inventoried 571 examples of lived religious concepts, practices, rituals and systems that movements used to create environmental concepts and practices. We found three patterns in the creative process: 1) conceptual hybridization, meaning that movements often blended official religions, Indigenous religions, and local knowledges and traditions (often called cultural practices), and they fused these aspects of lived religion with economic, legal and scientific concepts; 2) contextual imagination, meaning that movements adopted multiple religious and other strategies to respond to local economic, environmental, political, and religio-cultural contexts; and, 3) contestation-driven improvisation, meaning that movements faced intense opposition, and this dynamic both motivated improvisation and increased the vulnerability of movements and of local communities adapting to rapid environmental change. We propose that future studies on adaptation and sustainable transitions could include lived eco-religion as a meeting point for critical partnerships between environmental scholars in the sciences and the humanities.
3. Title: Context-dependent changes in maritime traffic activity during the first year of the COVID-19 pandemic
Authors: Alexandra Loveridge, Christopher D. Elvidge, David A. Kroodsma, Timothy D. White, ... David W. Sims
Abstract: Rapid implementation of human mobility restrictions during the COVID-19 pandemic dramatically reduced maritime activity in early 2020. But where and when activity rebounded, or remained low, during the full extent of 2020 restrictions remains unclear. Using global high-resolution datasets, we reveal a surprising degree of complexity in maritime activity patterns during 2020, yielding a more nuanced picture of how restrictions affected activity. Overall, shipping activity in Exclusive Economic Zones decreased (1.35 %), as expected, however high-seas activity increased (0.28 %). While these annual changes appear modest, there were striking spatially and temporally asynchronous variations in different vessel types’ activity in the second half of 2020, ranging from an > 80 % sustained reduction in passenger vessel activity to a 150 % increase in fishing activity. Results suggest systems-level responses were highly context-dependent, pinpointing areas that experienced significant reductions and spikes in activity, and providing hitherto missing details of COVID-19 impacts on economic and environmental sustainability.
4. Title: (Path)ways to sustainable living: The impact of the SLIM scenarios on long-term emissions
Authors: Nicole J. van den Berg, Andries F. Hof, Vanessa Timmer, Lewis Akenji, Detlef P. van Vuuren
Abstract: Sustainable lifestyles and behaviour changes can be vital in climate change mitigation. Various disciplines analyse the potential for such changes – but without much interaction. Qualitative studies look into the change process (e.g. social practice theory), while quantitative studies often focus on their impact in stylised cases (e.g. energy modelling). A more holistic approach can provide insightful scenarios with diverse lifestyle changes based on informed narratives for quantifying long-term impacts. This research explores how comprehensive sustainable lifestyle scenarios, coined SLIM (Sustainable Living in Models) scenarios, could contribute to transport and residential emission reductions. By translating and quantifying lifestyle scenario narratives through engagements with advisors and policymakers, we modelled two distinct lifestyle scenarios which differ in their degree of access to structural support. In one scenario, governments, corporations and cities leverage existing values and market systems to shape citizen and consumer preferences and everyday practices. In the other scenario, people adopt ambitious sustainable lifestyle behaviours and practices through peer-to-peer interaction and digital technology. We quantified the scenarios based on motivations, contextual factors, extent, and speed of lifestyle adoptions with regional differentiation. Furthermore, we applied heterogenous adopter groups to determine the model inputs. We present the resulting pathways in per capita emissions and more detailed changes in total emissions via decomposition analyses. We conclude that regional differentiation of the scenario narratives and modelling of intra-regional differences allows accounting for equity in lifestyle changes to a certain extent. Furthermore, new technologies are more important for enabling lifestyle change in a scenario with than a scenario without strong structural support. With strong structural support, lifestyle changes reduce transport and residential emissions to a larger degree (about 39% for Global North and 27% for Global South overall in 2050 relative to a “Middle-of-the-Road” SSP2 reference scenario in 2050). Thus, lifestyle changes in larger systems change are essential for effective climate change mitigation.
5. Title: Misperception of drivers of risk alters willingness to adapt in the case of sargassum influxes in West Africa
Authors: D. Yaw Atiglo, Philip- Neri Jayson-Quashigah, Winnie Sowah, Emma L. Tompkins, Kwasi Appeaning Addo
Abstract: Since 2011, large influxes of a brown macroalgae (pelagic sargassum seaweed) have proliferated across the Tropical Atlantic basin, its dispersal and seasonality theorized to be driven by localized and large scale winds and currents, in combination with changes in the Atlantic Meridional Mode and ocean upwelling. These influxes seasonally affect coastal populations across the breadth of the Tropical Atlantic (from central America to West Africa), causing damage to: economies, marine-based and non-marine coastal livelihoods, social functioning, health, ecology, and the aesthetics of the local environment. We use the ongoing sargassum influx in West Africa as a case study of adaptation to an emergent (and compound) risk in progress that also contributes to the empirical gap in sargassum adaptation research in West Africa. The research, in four sites in the Western Region of Ghana employs data from 16 focus group discussions, six key informant interviews, and participant observation. We finds that due to a series of coincidences, participant communities perceive that sargassum influxes were seeded by and then annually driven by oil and gas exploration in Western Ghana. This is in contrast to scientific research that indicates that pelagic sargassum was initially seeded in the tropical Atlantic basin (from the Sargasso Sea) in 2010 following an anomalous weather event in winter 2009–2010. Following Rogers’ Protection Motivation Theory, we explore the sources of information and the processing of that information to understand the divergence between scientific and community perceptions of the physical drivers. We find that community perceptions of oil and gas company responsibility for causing the sargassum problem leads the communities to perceive that the oil and gas companies should be responsible for the clean-up activities. Communities are further constrained by a perceived lack of capacity to act. Solutions to address this adaptation impasse could involve the government working with communities and the oil and gas industry to clarify the actual drivers of sargassum. Such guidance may open opportunities for the government and industry to work with communities to address misperceptions of the scientific nature of the influxes. Collaborative approaches, while addressing extant tensions, may also change the narrative about the problem, support affected communities to engage with adaptive measures, including re-use opportunities, and enhance community capacity to act. As a present-day emergent risk, pelagic sargassum provides an unusual yet contemporary empirical study of real-time adaptation and the central role of perceptions in shaping proactive adaptation and seeking exploitable opportunities from new environmental risks.
6. Title: Can REDD+ succeed? Occurrence and influence of various combinations of interventions in subnational initiatives
Authors: William D. Sunderlin, Stibniati S. Atmadja, Colas Chervier, Mella Komalasari, ... Erin O. Sills
Abstract: The institutional predecessor of REDD+ is the integrated conservation and development project (ICDP) that combines restrictions on forest access and conversion (negative interventions) with non-conditional direct benefits (positive interventions) to compensate local stakeholders for income losses from those restrictions. The idea of REDD+ was to improve on the ICDP model with a different kind of positive intervention: conditional direct benefits, often known as payments for environmental services or PES. How has this idea played out in reality? In a sample of 17 (out of 377) active REDD+ initiatives across the global South, we identified the combinations of interventions actually deployed and elicited household assessments of how those interventions affected their land use decisions with respect to forests. We found that 71 % of the households in our sample had participated in some number of forest interventions ranging from one to ten. About a quarter of those households were offered conditional direct benefits, most often in combination with non-conditional direct benefits. Nearly half of the households had received only non-conditional direct benefits. Many of those households were also subject to restrictions of various kinds. Thus, rather than abandoning the well-established ICDP approach in favor of the conditional incentives that conceptually define REDD+, most initiative proponents opted to deploy multiple interventions. Their approach is validated by our finding that the likelihood a household reports that the interventions caused them to adopt land use changes that could be classified as reducing carbon emissions is positively and significantly related to the number of interventions that they experienced, but not affected by whether any of those interventions are conditional. We also find that restrictions play an important role: 37 % of the households were subject to at least one negative intervention, and those households were significantly more likely to report that the interventions had induced land use changes that could be classified as reducing carbon emissions.
7. Title: Quantifying community resilience to riverine hazards in Bangladesh
Authors: Amelie Paszkowski, Finn Laurien, Reinhard Mechler, Jim Hall
Abstract: Every year, 30–70% of Bangladesh is inundated with flood waters, which combined with erosion, affect between 10 and 70 million people annually. Rural riverine communities in Bangladesh have long been identified as some of the poorest populations, most vulnerable to riverine hazards. However, these communities have, for generations, also developed resilience strategies – considered as the combination of absorptive, adaptive, and transformative approaches – to manage significant flooding and erosion. It is not clear whether such existing strategies are sufficient to generate resilience in the face of increasing hazards and growing pressures for land. In this study, we quantify community resilience to flooding and erosion of 35 of the most poverty-stricken and exposed communities in riverine Bangladesh by applying the systematic resilience measurement framework provided by the Flood Resilience Measurement for Communities tool. The low levels of resilience observed in the riverine communities, as well as their continued focus on enhancing absorptive capacities are alarming, especially in the face of growing climate threats and continued population growth. Innovative transformative responses are urgently required in riverine Bangladesh, which align with and complement ongoing community-centred efforts to enhance rural resilience to riverine hazards.
8. Title: Synergies of interventions to promote pro-environmental behaviors – A meta-analysis of experimental studies
Authors: Marius Alt, Hendrik Bruns, Nives DellaValle, Ingrida Murauskaite-Bull
Abstract: Addressing the threat of climate change requires effective environmental regulation to induce pro-environmental behavior. While various policy interventions already exist, combining different policies may offer greater effectiveness in dealing with market failures, multiple environmental objectives, and mitigating the regressive effects of single policies. In this meta-study, we investigate the potential synergies between policy interventions by rigorously assessing their comparative effectiveness when used individually versus in combination. We focus on experimental studies providing comparable findings from controlled settings to facilitate an empirically grounded understanding of climate policy synergies. Our analysis reveals negative synergy effects, indicating that, on average, the analyzed policy mixes are less effective than the sum of their individual intervention effects. However, we also find that policy mixes can offset the negative effects of single policies. Notably, combinations involving nudges and monetary incentives prove particularly effective in promoting pro-environmental behavior. Lastly, behavioral changes induced by policy mixes tend to wane faster compared to single interventions once the policies are removed. Our study provides important scientific and policy-relevant insights regarding the performance of policy mixes.
9. Title: Public policies and global forest conservation: Empirical evidence from national borders
Authors: David Wuepper, Thomas Crowther, Thomas Lauber, Devin Routh, ... Jan Börner
Abstract: Protecting the world’s remaining forests is a global policy priority. Even though the value of the world’s remaining forests is global in nature, much of the protection has to come from national policies. Here, we combine global, high resolution remote sensing data on forest outcomes (tree-cover loss, forest degradation, net primary production) and two complementary econometric research designs for causal inference to first quantify how much it matters in which country a forest is located, secondly, the role of public policies, and third, under which conditions such pubic policies tend to be most successful. We find considerable border discontinuities in remotely sensed forest outcomes around the world (in a regression discontinuity design) and these are largely explained by countries’ policies (using a differences-in-discontinuities design). We estimate that public policies reduce the risk of tree cover loss by almost 4 percentage points globally, but there is large variation around this. The best explanations we find for these heterogenous treatment effects are a country’s policy enforcement, its policy stringency, its property rights, and its rule of law (in that order). Our results motivate international cooperation to finance and improve (a) countries’ public policies for forest protection and (b) countries’ capacity to implement and enforce them well.
10. Title: Global energy scenarios: A geopolitical reality check
Authors: Mathieu Blondeel, James Price, Michael Bradshaw, Steve Pye, ... Gavin Bridge
Abstract: The ongoing Global Energy System Transformation (GEST) has attracted the attention of multiple academic disciplines and practitioners, approaching the process with different analytical and conceptual tools. We explore the ‘integration gap’ that exists between, on the one hand, Energy System Modelling and the stylised scenarios they use, and on the other, energy geopolitics. We consider how these approaches can complement each other to further our understanding of the global energy system’s future. Using a novel qualitative analytical framework, we review the extent to which a range of state-of-the-art global energy scenarios capture and reflect key issues in energy geopolitics in their narratives and model implementation. We find that few scenarios consider geopolitics in any depth. Those that do often treat it as a barrier to decarbonisation efforts that are aligned with the climate objectives of the Paris Agreement. Normative, Paris-aligned scenarios describe smooth processes of change where cooperation and coordination between countries are assumed and where geopolitics is often completely absent. Our findings emphasise the need for a more intricate understanding of the difference between ‘paper transitions’ and the real-world messiness and complexities of GEST, where geopolitics has a dual quality of simultaneously accelerating and hindering the transformation process.
11. Title: Exploring natural and social drivers of forest degradation in post-Soviet Georgia
Authors: Owen Cortner, Shijuan Chen, Pontus Olofsson, Florian Gollnow, ... Rachael D. Garrett
Abstract: The Caucasus Mountains harbor high concentrations of endemic species and provide an abundance of ecosystem services yet are significantly understudied compared to other ecosystems in Eurasia. In the country of Georgia, at the heart of the Caucasus region, forest degradation has been the largest land change process over the last thirty years. The prevailing narrative is that legal and illegal cutting of trees for fuelwood is primarily responsible for this process. Yet, since independence from the Soviet Union in 1991, the country has undergone rapid socioeconomic and institutional changes which have not been explored as drivers of forest change. We combine newly available land-cover change estimates, Georgian statistical data, and historical institutional change data to examine socioeconomic drivers of forest degradation. Our analysis controls for concurrent changes in climate that would affect degradation and examines variation at the regional (state) level from 2011 to 2019, as well as at the national level from 1987 to 2019. We find that higher winter temperature and drought are associated with higher degradation at the regional scale, while major institutional changes and drought are associated with higher forest degradation at the national level. Access to natural gas, the major energy alternative to fuelwood, had no significant association with degradation. Our results challenge the narrative that poverty and a lack of alternative energy infrastructure drive forest degradation and suggest that government policies banning household fuelwood cutting, including the new Forest Code of 2020, may not reduce forest degradation. Given these results, improved data on wood harvesting and more research on the commercial drivers of degradation and their links to economic and political reforms is needed to better inform forest policy in the region, especially given ongoing risks from climate change.
12. Title: Scaling mechanisms of energy communities: A comparison of 28 initiatives
Authors: Daniel Petrovics, Dave Huitema, Mendel Giezen, Barbara Vis
Abstract: Energy communities have mushroomed over the past decades. These initiatives have scaled, that is replicated their experiences, expanded membership, and diversified involved actors and technologies. The picture existing literature paints is hopeful that the scaling of local-scale action may translate into global-scale impact and thus effectively contribute to combating climate change. However, important gaps remain in understanding the (combinations of) conditions which are necessary for scaling with this goal in mind. This article pushes the boundaries of knowledge further by examining and comparing 28 energy communities through a fuzzy set Qualitative Comparative Analysis (QCA) and by identifying the necessary conditions of actionable scaling mechanisms. Our analysis identifies a high number (8) of necessary (combinations of) conditions for scaling. Addressing a strong need amongst policy makers to facilitate broader scaling of community initiatives, this article offers concrete insights on mechanisms that need to be in place to scale energy communities. Insights are developed on – for example – the type of capacity support needed, support structures and the tools needed for connecting communities with each other. These insights help corroborate empirically, for the first time the crucial leverage points that will support strategies for upscaling the impact of energy communities, and will enable them to flourish as an essential element of the global climate governance system.
13. Title: The infrastructure cost of permafrost degradation for the Northern Hemisphere
Authors: Haodong Jin, Xiaoqing Peng, Oliver W. Frauenfeld, Yuan Huang, ... Cuicui Mu
Abstract: Warming and resulting degradation of near-surface permafrost in cold regions across the globe has and will continue to lead to a series of hazards. These include land subsidence and weakening of the substrate’s bearing capacity, thus threatening infrastructure and the socioeconomics in permafrost regions. These potential hazards shorten the lifespan of infrastructure, increase the cost of infrastructure maintenance and replacement, which is of great importance to a variety of stakeholders. In Northern Hemisphere permafrost regions, more than 34% of the population and 44% of the infrastructure will be at high risk by the end of this century. Due to the degradation of permafrost, infrastructure will require an additional investment of approximately $205–572 billion to maintain the operation of engineering and service infrastructure in 2085, based on projections with a high greenhouse gas emissions scenario.
14. Title: Immediate and future challenges of using electric vehicles for promoting energy efficiency in Africa’s clean energy transition
Authors: Augustine Sadiq Okoh, Magnus Chidi Onuoha
Abstract: Electric vehicle (EV) adoption in Africa is being driven by both structural and non-structural pressures. Hurdles to EV adoption as a tool for low carbon development are explained, drawing on interviews with energy specialists from Nigeria, Kenya, Ethiopia, South Africa, and Cameroon. Findings point to multiple-scale tensions between energy transition and access, between policy design and implementation, and between the spread of EVs and the power generation required to spur growth. Existing EV infrastructure is dependent on stranded assets from fossil fuel sources that are about to be abandoned for Africa’s power supply. Scaling up renewable energy systems will be more efficient if operational costs for fossil fuel infrastructure are switched to capital costs. This calls for a fresh business strategy designed to address Africa's desire to ensure energy efficiency that will spur the acceptance of EVs, while also deploying renewable energy to reach global climate goals. By using a combination of market and policy instruments, a new regulatory framework, accessible financing, and stronger price signals can help phase out aging fossil fuel infrastructure and spark an efficiency revolution.
15. Title: Micro-scale transformations in sustainability practices: Insights from new migrant populations in growing urban settlements
Authors: Mumuni Abu, Samuel N.A. Codjoe, W. Neil Adger, Sonja Fransen, ... Caroline Zickgraf
Abstract: Development that is inclusive and sustainable requires significant social and environmental transformations from current trajectories, building on demographic realities such as changing profiles of populations, and increased levels of mobility. Migration is a major driving force of urbanisation in all global regions, partly facilitated through emerging technologies and declining costs of movement and communication. Social transformations associated with increased migration are highly uneven but include shifts in the location of economic activities, major urban growth, and changing individual incentives and social constraints on sustainability trajectories. Yet, there is limited empirical evidence on how observed population movements can both challenge and promote sustainable transformations. This paper examines how migration transforms places and societies, by providing new evidence on the behaviours and practices of individuals who are part of such transformations as they assimilate, converge or remain distinctive to prior populations. Focusing on individuals in rapidly expanding cities in the Global South, this study uses new biographical life-history survey data from Accra, Ghana, to examine the barriers and enablers of sustainability practices among diverse types of migrants and a sample of non-migrants. The study uses data from 1,163 individuals: international migrants from the West African sub-region (5 5 9), internal migrants (2 9 9), and non-migrants (3 0 5) in Accra. The findings show that sustainability practices established before migration are predictors of current sustainability practices, including proactive recycling, conservation activities, and choice of mode of transportation, but that there is some convergence between behaviours, reflecting assimilation, place attachment and other factors. Internal migrants in Accra exhibit stronger sustainability practices than international migrants. Individual levels of poverty, poor infrastructural development, and perceptions about life satisfaction in the neighbourhood negatively affect sustainability practices among all respondents. These results suggest that poverty and social exclusion are critical to addressing sustainability issues in urban contexts. It is important for policy makers to address issues of urban poverty, cumulative deprivation, and inequality as strong barriers to the adoption of sustainability practices in urban areas.
16. Title: Emergent network patterns of internal displacement in Somalia driven by natural disasters and conflicts
Authors: Woi Oh, Rachata Muneepeerakul, Daniel Rubenstein, Simon Levin
Abstract: In Somalia, extreme droughts, floods, and conflicts have generated a great wave of internally displaced persons (IDPs) involuntarily moving within the country’s boundaries. Despite increasing concerns about the IDP problem, we still do not fully understand the emergent properties of IDP flows from the network perspective. Particularly lacking is quantitative information on how natural disasters and conflicts differently or similarly shape IDP networks. These knowledge gaps are critical for IDP studies with complex interactions because the gaps may misconnect IDP flows with socio-environmental data at inappropriate spatial scales. To address these gaps, this study applies a series of network analyses to compare emergent patterns in disaster-induced and conflict-induced IDP networks. Push patterns were random without hub formation in both cases. Social connections were critical to incoming IDP flows but not to outgoing IDP flows. Natural disasters and conflicts produced similar triadic structures of IDP networks, suggesting possible interactions between natural disasters and conflicts in driving IDP flows. Community patterns were more scattered by the number and formation in the conflict-induced IDP network than in the disaster-induced IDP network. From the community detection, Natural disasters were likely to move IDPs within the regional boundaries, but conflicts relocated IDPs to relatively remote areas out of the boundaries. The communities were more modular in the disaster-induced IDP network than in the conflict-induced IDP network. These findings are useful for understanding IDP network patterns as a starting point for developing a nexus between climate, conflict, and migration.
17. Title: Blinded by sunspots: Revealing the multidimensional and intersectional inequities of solar energy in India
Authors: Ryan Stock, Benjamin K. Sovacool
Abstract: Studies of energy transitions have historically lacked a holistic, multi-scalar and multi-site accounting of social and environmental impacts of projects. Scholars increasingly point to the need for integrated studies that highlight impacts at various stages of lifecycles and scales of governance in the normative pursuit of energy justice. In this study, we examine the social and environmental inequities within the solar PV value chain in India from multiple scales using an original dataset and comparative case study approach, including multiple site visits and embedded ethnography. We utilized a mixed methodological approach to data collection that included household surveys (n = 120), semi-structured interviews (n = 43), focus group discussions (n = 6) and naturalistic observation (n = 9 site visits over 24 days) across the states of Uttar Pradesh, Karnataka, Rajasthan, Delhi and Tamil Nadu at six different locations. We buttress recent work examining solar injustices from a ‘whole systems’ perspective, taking a multidimensional approach through an intersectional lens. Drawing from fieldwork and the literatures of energy justice and political ecology, we ask : What are the social and ecological impacts or equity concerns of each stage of the solar photovoltaic value chain in India? At each solar node, there are demographic, spatial, interspecies and temporal inequities occurring. Demographic inequities include resource dispossession, loss of livelihoods and hazards exposure for marginalized groups. Spatial inequities include distributional injustices for capital and electricity, rural land enclosures and substandard infrastructure. Interspecies inequities include ecosystem contamination, habitat destruction and imperiling wildlife. Temporal inequities include time burdens placed on marginalized groups, multi-decadal time horizons for inequitable projects to pay off and the long-term degradation of the environment. We conclude by reflecting on the stakes of solar development in India and offering policy recommendations that could engender a more equitable solar sector and chart future research agendas.
18. Title: Are civilizations destined to collapse? Lessons from the Mediterranean Bronze Age
Authors: Igor Linkov, S.E. Galaitsi, Benjamin D. Trump, Elizaveta Pinigina, ... Maksim Kitsak
Abstract: As the world faces multiple crises, lessons from humanity’s past can potentially suggest ways to decrease disruptions and increase societal resilience. From 1200 to 1100 BCE, several advanced societies in the Eastern Mediterranean suffered dramatic collapse. Though the causes of the Late Bronze Age Collapse are still debated, contributing factors may include a “perfect storm” of multiple stressors: social and economic upheaval, earthquake clusters, climate change, and others. We examined how collapse might have propagated through the societies’ connections by modeling the Eastern Mediterranean Late Bronze Age trade and socio-political networks. Our model shows that the Late Bronze Age societies made a robust network, where any single node’s collapse was insufficient to catalyze the regional collapse that historically transpired. However, modeled scenarios indicate that some paired node disruptions could cause cascading failure within the network. Subsequently, a holistic understanding of the region’s network incentive structures and feedback loops can help societies anticipate compounding risk conditions that might lead to widespread collapse and allow them to take appropriate actions to mitigate or adapt societal dependencies. Such network analyses may be able to provide insight as to how we can prevent a collapse of socio-political, economic and trade networks similar to what occurred at the end of the Late Bronze Age. Though such data-intensive analytics were unavailable to these Bronze Age regions, modern society may be able to leverage historical lessons in order to foster improved robustness and resilience to compounding threats. Our work shows that civilization collapses are preventable; we are not necessarily destined to collapse.
19. Title: Leveraging keystone agents in extractive industries to advance sustainability
Authors: Bert Scholtens
Abstract: Natural resource extraction has a lasting and dramatic impact on the natural environment as well as far-reaching social effects. As such, public policy and governmental regulation are crucial for a transition to sustainability. However, on their own, these have shown to be insufficient to achieve such transformation. Changing commitment and conduct of the extractives too is important to transit. Firms in the extractives are large and highly international, and their owners are decisive for businesses’ conduct. Therefore, it is relevant to determine whom and how to influence to transit towards sustainability. To this extent, we study dominant firms and their owners in the top-10 international extractive industries. We establish that both natural resource markets and ownership of keystone agents are highly concentrated: the three largest companies earn 70% of the revenues in the ten industries studied, and the three largest shareholders in these companies on average have 22% of the shares of the keystone firms. This helps explain why regulation has been rather ineffective so far. We discuss several options to influence keystone agents. We conclude that advancing sustainability in extractives requires leveraging a limited number of keystone agents.
20. Title: Broadening resilience: An evaluation of policy and planning for drinking water resilience in 100 US cities
Authors: Mirit B. Friedman, Sara Hughes, Christine J. Kirchhoff, Eleanor Rauh, ... Jalyn M. Prout
Abstract: Around the world, drinking water systems provide safe, accessible drinking water to the communities they serve. While they are faced with a growing number of short and long-term challenges, assessing the resilience of drinking water systems—or their ability to cope with disturbances and surprise and continuously adapt to stress and change—is an ongoing challenge. Many drinking water resilience assessment methodologies focus narrowly on the technical dimensions of the resilience of infrastructure systems, ignoring the human or environmental dimensions, and consider resilience to the present, ignoring resilience to future change. To fill this gap, we developed a conceptual framework and scoring methodology for evaluating municipal-scale policy and planning for drinking water system resilience. Our approach considers social, technical, and environmental elements of resilience at broad spatial and temporal scales. We then used this methodology to assess policy and planning for drinking water resilience in 100 U.S. cities. We found that municipalities are at very different stages in their policy and planning for drinking water resilience, particularly in terms of the attention they give to climate change and their consideration of the broader social dimensions of resilience. Overall, larger cities and those with more liberal populations are likely to have higher policy and planning scores. The findings highlight the variation in municipal policy and planning for drinking water system resilience, and the importance of community characteristics as drivers of resilience planning. Our approach is transferable to assessing resilience for drinking water systems within and beyond the U.S.
21. Title: Assessment of extreme temperature to fiscal pressure in China
Authors: Zhongfei Chen, Xin Zhang, Fanglin Chen
Abstract: This paper investigates the impact of climate change on government fiscal pressure using local governments’ fiscal data in China from 2000 to 2020. While previous studies have extensively explored the effects of climate change on individuals and economies, there has been limited research on the negative effects of climate change from a government fiscal perspective. Our study makes contributions by using county-level fiscal data in China, allowing for a detailed examination of the fiscal implications of weather extremes. Moreover, we comprehensively analyze the underlying mechanisms involving population mobility, industrial structure, and electricity consumption. The empirical results indicate that each additional day of extreme temperature in a year leads to a CNY 0.002 billion increase in the general public budget deficit, which is equivalent to 0.1093% of the local fiscal deficit. Furthermore, local governments heavily reliant on agriculture, experiencing low electricity consumption, and significant population outflows face even greater challenges. Notably, medical insurance and the “province-managing-county” reform program emerge as crucial mitigating factors against fiscal pressures. By providing a thorough assessment of climate change’s fiscal impact on local governments, this research contributes to the theoretical foundation for governmental initiatives aimed at reducing carbon emissions.
22. Title: The organizational structure of global gene drive research
Authors: Florian Rabitz
Abstract: Gene drives are a proposed biotechnological intervention that could grant unprecedented control over key challenges of global sustainable development by potentially providing effective countermeasures to invasive alien species, agricultural pests or disease vectors. Gene drives also raise complex biosafety challenges and face scrutiny due to an allegedly-outsized involvement of certain philanthropic- and military funders. Against this background, this text is the first to develop a systematic account of the organizational structure that underpins global gene drive research. Applying social network analysis to data on co-authorship and research funding, I show that global gene drive research has limited organizational and geographical diversity and is firmly dominated by elite US-based organizations, with organizations from developing countries either playing marginal roles or being excluded altogether. Additionally, a preliminary analysis of financial transfers suggests that an overwhelming share of global research funding passes from the Bill and Melinda Gates Foundation to Imperial College London; and from the US National Institutes of Health to various first- and second-tier US research universities. Overall, the organizational structure implies a considerable legitimacy deficit in global scientific collaboration on a controversial novel biotechnology with significant biosafety risks yet potentially transformative impacts on key challenges of sustainable development.

23. Title: The role of visions in sustainability transformations: Exploring tensions between the Agrarwende vanguard vision and an established sociotechnical imaginary of agriculture in Germany
Authors: Christine Polzin
Abstract: Although much research recognises the importance of visions as key ingredients of transformations to sustainability, it remains unclear how and why some visions become collectively binding. This paper uses the lens of sociotechnical imaginaries, i.e., collectively shared, institutionally stabilised, and publicly performed visions of desirable futures, to analyse the so-called Agrarwende (agricultural transformation), a sustainability-oriented reform of German agriculture based on a vision of transformative change towards organic farming. Methodologically, the investigation draws on published historical and contemporary data sources for an in-depth case study of the Agrarwende using content analysis. It shows how a particular sociotechnical imaginary has shaped German agriculture for many decades and explores how three of its constitutive elements - its policy style, expertise, and risk framing – conflict with the vanguard vision of the Agrarwende. The findings suggest that these elements have reinforced one another in shaping the trajectory of the agricultural system, thus co-producing a strong socio-political order in favour of industrial agriculture at the expense of an alternative set of policies, expertise, and risk framing that supports organic agriculture. Taken together, the findings highlight how knowledge and politics shape debates and controversies about what is deemed a desirable future, what is at stake, and for whom.
24. Title: Scaling Indigenous-led natural resource management
Authors: Arundhati Jagadish, Anna Freni-Sterrantino, Yifan He, Tanya O' Garra, ... Morena Mills
Abstract: Rights-holders, practitioners, and researchers recognize the importance of Indigenous-led resource management for building a more ecologically just world and addressing climate change and biodiversity loss. Yet, it remains unclear how to support them in a way that increases their spatial extent and ensuring impact on equitable biodiversity conservation. We address this gap by using Diffusion of Innovations theory to explain the rapid spread of an Indigenous-led network of Locally Managed Marine Areas in Fiji. We found that 74.9 percent of adopters had a previous adopter as their nearest neighbor, and that despite contrasting patterns of adoption at the island level, such patterns could be accounted for by: perceived relative advantage, village chiefly status, distance to tourism hotspots, and presence of district-level management committees, support organizations, and trust. These insights can inform the design and implementation of Indigenous-led approaches that can scale appropriately and respond to the global environmental crisis.
25. Title: Mapping wildfire jurisdictional complexity reveals opportunities for regional co-management
Authors: Kate Jones, Jelena Vukomanovic, Branda Nowell, Shannon McGovern
Abstract: Wildfires often burn across boundaries affecting multiple jurisdictions, landowners and levels of government. Wildfire co-management across jurisdictions is expected to increase in complexity as wildfire severity, size, and frequency increase due to climate change, and growing populations bring more people into close proximity with wildfire. A systematic method to assess jurisdictional complexity for wildfire management is needed to effectively allocate resources and plan for future wildfire management conditions. Here, we developed an open-source framework of decision rules to count jurisdictions and landowners by coupling nearly 9,000 historic wildfire footprints that occurred across 43 U.S. states between 1999 and 2020 with geospatial jurisdictional data. We found that the number of annual wildfires greater than 500 acres has increased through time, with a proportional increase in the number of the highly complex (>7 jurisdictions; >3 levels of government) wildfires. Most wildfires burned 2–3 jurisdictions and 1 or 2 land ownerships, and the most common co-managed wildfires occurred on federal and private lands. On average, the western United States, specifically the Mediterranean California ecoregion, has more jurisdictionally complex wildfires, but the eastern United States, namely the Appalachian Mountains, has localized areas that experienced multiple wildfires with high and varied jurisdictional complexity. The prairies of Texas contained the largest extent of average low complexity wildfires. Of the 43 states that contained a wildfire, 41 had a census place that was burned or within 5 miles of a wildfire boundary, and overall, the annual number of census places near wildfires appears to be increasing through time. We demonstrate a framework that can be used to quantify jurisdictional complexity from observed wildfire boundaries and provide a baseline for discussing jurisdictional complexity at a national, regional, and sub-regional scale. This framework may also be adapted to other hazards or multi-jurisdictional phenomena that have geospatial boundary objects.
26. Title: Beyond the binary of trapped populations and voluntary immobility: A people-centered perspective on environmental change and human immobility at Lake Urmia, Iran
Authors: Sebastian Fernand Transiskus, Monir Gholamzadeh Bazarbash
Abstract: Empirical research on the links between environmental change and human (im)mobility has made considerable progress in the last decade. However, most attention is given to migration rather than understanding immobility, where human-centered perspectives are scarce and various regions remain critically understudied. This paper seeks to address these deficits. Methodologically based on 75 qualitative in-depth interviews and 8 focus group sessions with rural residents around desiccating Lake Urmia (Iran), the study takes individual perceptions of environmental degradation and lived experiences of immobility as its fundamental starting point. It investigates what (in)tangible losses occur and analyses what matters most in shaping the aspirations and capabilities to migrate or stay. The findings provide unique empirical evidence of the multifaceted dimensions along the spectrum of immobility, moving beyond the prevailing binary views of voluntary immobility and trapped populations. A key finding of this study is the elucidation of ‘ambivalent immobility’, comprising individuals whose (im)mobility aspirations are complex and contradictory: they want to stay, but also leave, constantly weighing their growing local dissatisfaction against their attachments to place and the psychological/economic costs of migration. Another novel contribution concerns ‘precarious immobility’, expanding our knowledge of how individuals understand themselves as trapped. Grounded in capability constraints and emotional distress exacerbated by environmental change, individuals from this group did not voice any (im)mobility aspirations. This distinguished them from the involuntary or acquiescent immobile residents in the study, who despite capability constraints either aspired to migrate or expressed a preference to stay. Thus, this paper highlights the complexity of aspirations in contexts of environmental degradation and underscores the need for more qualitative research to complement quantitative efforts to foster a more nuanced understanding of the diverse causes, dimensions, and consequences of immobility.
27. Title: Self-governance mediates small-scale fishing strategies, vulnerability and adaptive response
Authors: Timothy H. Frawley, Blanca González-Mon, Mateja Nenadovic, Fiona Gladstone, ... Xavier Basurto
Abstract: As global change accelerates, natural resource-dependent communities must respond and adapt. Small-scale fisheries, essential for coastal livelihoods and food security, are considered among the most vulnerable of these coupled social-ecological systems. While previous studies have examined vulnerability and adaptation in fisheries at the individual, household, and community level, these scales of organization are inconsistent with many of the legal and regulatory frameworks that function in practice to mediate behavior, decision-making, and adaptation. Here, we use cooperative- and privately-owned fishing enterprises in Northwest Mexico as a case study to examine how different forms of marine self-governance experience and respond to climate shocks. Leveraging social-ecological network methods to examine changes in fisheries participation and vulnerability during a recent period of pronounced regional oceanographic change, our analysis suggests that: 1) different forms of SSF self-governance (and the fishing strategies and harvest portfolios with which they are associated) help determine the impacts of and response to environmental change; and 2) that there may be important trade-offs between short-term responses which function to prevent or mitigate lost fishing revenue and long-term changes in climate vulnerability. In particular large fishing cooperatives, predicted to be highly vulnerable on the basis of network theoretic metrics, exceeded expectations (maintaining or increasing resource revenues) while demonstrating a degree of path dependency that may function to increase sensitivity and undermine resilience as climate change progresses. In providing an empirical evaluation of how self-governance arrangements characterized by different group sizes, access regimes and levels of cooperation respond to system perturbation, we aim to advance common pool resource theory while offering targeted guidance for the development of more nuanced and equitable climate adaptation policies.
28. Title: Ambient vulnerability
Authors: Caitlin Robinson, Joe Williams
Abstract: In this paper we introduce the concept of ambient vulnerability. Ambience concerns the overlapping and shifting material forms that constitute a person’s surroundings – including (but not limited to) air quality, flow, temperature, humidity, noise and light – that contribute to their health, wellbeing and (dis)comfort. Building on a growing movement across a range of disciplines towards the study of socialmaterial relations, we suggest that ambience is an important approach for critically understanding the complex interconnections among nature, society, and technology in the production of lived ecologies. The vulnerability framing locates our expressly political understanding of ambience, reflecting and reinforcing social inequalities. Moreover, different types of vulnerability across the dimensions of the ambient environment are interdependent and accumulate, often intensifying one another. We delineate some of the key features of ambient vulnerability, specifically: cumulative impacts; permeability; unevenness; phenomenological differentiation; and multiple temporalities. The paper shows how ambient environments are shifting and complex, a turbulent milieu of contextual factors, but they are essential to our understanding of social and ecological vulnerability in the 21st century.
