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1. Title: Special series: The social amplification of risk framework: New perspectives.
Authors: Cox, Tony; Lowrie, Karen.
Abstract: For over three decades, the Social Amplification of Risk (SARF) framework made famous in risk analysis by the work of Roger Kasperson and others has proved useful to many researchers investigating how perceptions of risk and resulting behaviors are shaped by psychological, social, institutional, and cultural processes. It integrates an early warning index system for reduced production with a Bayesian network (BN) model for process modeling and a multilayer neural network model for predicting economic losses. Although oil and gas production is mature compared to wind farm technology, oil and gas reservoir production from new fields can also be challenging to forecast.
2. Title: The social amplification of risk framework: New perspectives.
Authors: Kasperson, Roger E.; Webler, Thomas; Ram, Bonnie; Sutton, Jeannette.
Abstract: Several decades have elapsed since the introduction in 1988 of the social amplification of risk framework (SARF) by researchers from Clark University and Decision Research. SARF was offered as an umbrella under which social, psychological, and cultural theories of risk could be integrated and thereby supplement technical risk analyses. Some critics suggest that SARF cannot be tested thus, the framework is useful, at most, as a post hoc analysis of some kinds of risks. Others counter that predictability is not required for a framework to be useful and that SARF is an effective tool in organizing data related to public perceptions, values, and behaviors. It can also be used to design more effective risk communication and public engagement strategies. SARF also suggests how to conceptually view the dynamics of social media channels, despite the fact that SARF was developed before the explosion of global digital platforms. The papers in this special issue consider developments, refinements, critiques, contributions, extensions of the approach to new risk issues, as well as the findings and hypotheses that have grown out of what is now close to three decades of empirical research. This introductory paper provides background on SARF, presents a literature review since 2003, introduces the contributions to this issue, and highlights several areas for future research.
3. Title: The Social Amplification of Risk Framework: A Normative Perspective on Trust?
Authors: Bearth, Angela; Siegrist, Michael.  
Abstract: Public trust is being lamented as the central victim of our new, digital information environment, a notion that is depicted in labeling our society as "posttruth" or "posttrust." Within this article, we aim to call this deficit view of public trust into question and kindle a more positive outlook in future research. For this, we utilize the Social Amplification of Risk Framework to discuss trust as an inherent aspect of social interactions and to question the frameworks' normative approach to public trust and risk perception. Utilizing a literature review of prior studies that investigated trust within the structure of SARF and a case study on the impacts of Fukushima on public trust in nuclear energy, we would like to argue that the current normative "trust deficit model" should be overcome and future risk research should increasingly focus on the opportunities of the digital informational environment for risk communication. 
4. Title: Risk Attenuation and Amplification in the U.S. Opioid Crisis.
Authors: Cantor, Robin; Bates, Heather; MacKoul, Claire.
Abstract: The evolution of risk identification and ultimately the public and private responses that have become known collectively as the "opioid crisis" is an important case study in risk management due to the reach and magnitude of its impacts. This article examines a number of "signals" related to opioid risks using the social amplification of risk framework (SARF) to investigate a limited set of public‐sector activities and policy responses. We evaluate whether the SARF presents an effective lens to examine the serious shortcomings of risk management of opioid use, which has a history of risk attenuation and, more recently, evidence of risk amplification. Our goal in this article is limited to addressing "goodness of fit" of the SARF as a descriptive tool. We consider whether the SARF effectively reveals important gaps in public risk management responses for the opioid example and other similarly situated societal risk problems. Applying SARF supports that its suggested relationship between risk signals and inappropriate attenuated public response does generate useful insights into regulatory efficacy for examples of public risk management. Similar such conclusions about inappropriate public responses stemming from the amplification factors are less supported because, in this case, the risk is, and continues to be, large. Overall, we find that the SARF's particular focus on the signaling function of risk information performs best as an organizational aid to study historical information rather than as a predictive tool for determining inappropriate risk management responses.
5. Title: Vaccines and the social amplification of risk.
Authors: Larson, Heidi J.; Lin, Leesa; Goble, Rob.
Abstract: In 2019, the World Health Organization (WHO) named "Vaccine Hesitancy" one of the top 10 threats to global health. Shortly afterward, the COVID‐19 pandemic emerged as the world's predominant health concern. COVID‐19 vaccines of several types have been developed, tested, and partially deployed with remarkable speed; vaccines are now the primary control measure and hope for a return to normalcy. However, hesitancy concerning these vaccines, along with resistance to masking and other control measures, remains a substantial obstacle. The previous waves of vaccine hesitancy that led to the WHO threat designation, together with recent COVID‐19 experience, provide a window for viewing new forms of social amplification of risk (SAR). Not surprisingly, vaccines provide fertile ground for questions, anxieties, concerns, and rumors. These appear in new globalized hyperconnected communications landscapes and in the context of complex human (social, economic, and political) systems that exhibit evolving concerns about vaccines and authorities. We look at drivers, impacts, and implications for vaccine initiatives in several recent historical examples and in the current efforts with COVID‐19 vaccination. Findings and insights were drawn from the Vaccine Confidence Project's decade long monitoring of media and social media and its related research efforts. The trends in vaccine confidence and resistance have implications for updating the social amplification of risk framework (SARF); in turn, SARF has practical implications for guiding efforts to alleviate vaccine hesitancy and to mitigate harms from intentional and unintentional vaccine scares.
6. Title: Social amplification of risks and the clean energy transformation: Elaborating on the four attributes of information.
Authors: Ram, Bonnie; Webler, Thomas.
Abstract: The social amplification of risk framework (SARF) was developed to help comprehend how emerging contributions about the psychological, social, and cultural dimensions of risk could work in unison to impact decision making about risk. The framework proposed that risks are amplified or attenuated by interested parties employing different rhetorical strategies to give information about risk a certain "spin." The original literature identified four "attributes of information." However, despite the longevity of the framework, these have not been explicated in detail. Here we add depth and clarity by examining how amplification stations send risk signals that amplify or attenuate risk by emphasizing these different attributes of information. Drawing on a wealth of qualitative data from two case studies of offshore wind turbine siting off the coasts of Maryland and Delaware and guided by an extensive literature review, we reveal the strategies interested parties are using to influence siting decisions and risk management. The paper explores the usefulness of SARF in organizing qualitative information and sharpening insights on participatory risk governance and the nuances of public responses to a relatively new low‐carbon technology. The authors conclude that the framework is valuable for analyzing stakeholder information while also recognizing limitations that may be addressed with some targeted future research.
7. Title: Risk Amplification and Attenuation as Communication Strategies in Climate Adaptation in Urban Areas.
Authors: Dow, Kirstin; Tuler, Seth.
Abstract: Climate risks are motivating adaptation with local municipal actors becoming key participants in a complex web of climate risk communication. Some cities have created civil service positions focused on climate resilience. We conducted interviews with six such individuals in four U.S. Atlantic coast cities to investigate how they think about and negotiate communication challenges associated with implementation of climate resilience strategies. We grounded our study in the Social Amplification of Risk Framework (SARF), which despite its longevity and wide usage has rarely been used to understand the role of government actors. We found substantial complexity in how these government representatives develop both amplifying and attenuating communication strategies as they often simultaneously reach multiple audiences holding different perspectives. They are familiar with and employ risk communication practices. However, they report needing to modify their efforts as climate adaptation issues and goals evolve over time, and experiment in situations, such as discussions of retreat, where established communication practices provide insufficient guidance. In order to develop a deeper understanding of the governmental risk communication actors, we suggest four potential avenues for taking advantage of the strengths of SARF as a framework for connecting and integrating with other models and theories. We also propose several directions for research based on the challenges these practitioners are finding in their work to facilitate adaptation to climate risks. The activity of government actors is rich in its applied risk communication practice and its challenges offer new questions to expand our thinking about the SARF and risk communication more broadly. 

8. Title: Social Perception of Systemic Risks.
Authors: Schweizer, Pia‐Johanna; Goble, Robert; Renn, Ortwin.
Abstract: The article distinguishes between two types of risks: conventional and systemic risks. Conventional risks can be contained in space and time, follow linear cause–effect relationships and can be addressed with effective and pointed interventions into the cause–effect chain. Systemic risks, however, are characterized by high complexity, transboundary effects, stochastic relationships, nonlinear cause–effect patterns with tipping points, and are often associated with less public attention than they require. The article addresses the reasons why systemic risks seem to be attenuated in public perception. The article goes on to consider how the social amplification of risk framework is useful in the context of systemic risks and describes needed extensions of that framework. It identifies practical tools for assessing the significance of perceptions for systemic risk situations. Finally, it argues that a graphic representation and simulation of evolving systemic risks and potential countermeasures as well as a participatory deliberative approach of inclusive risk governance are suitable governance strategies for preventing, mitigating, or managing systemic risks.
9. Title: But They Told Us It Was Safe! Carbon Dioxide Removal, Fracking, and Ripple Effects in Risk Perceptions.
Authors: Cox, Emily; Pidgeon, Nick; Spence, Elspeth.
Abstract: Reaching net‐zero for global greenhouse gas emissions by the year 2050 will require a portfolio of new technologies and approaches, potentially requiring direct removal and sequestration of atmospheric carbon dioxide using negative emissions technologies (NETs). Since energy and climate systems are fundamentally interconnected it is important that we understand the impacts of policy decisions and their associated controversies in other related technologies and sectors. Using a secondary analysis of data from a series of deliberative workshops conducted with lay publics in the United Kingdom, we suggest that perceptions of CO2 removal technologies were negatively impacted by risk perceptions and recent policy decisions surrounding shale gas and fracking. Using the social amplification of risk framework, we argue that heightened risk perceptions have extended via "ripple effects" across these technologies. Participants' attitudes were underpinned by deeper misgivings regarding the actions and motives of experts and policymakers; a pervasive discourse of "but they told us it was safe" regarding fracking negatively affected people's trust in assurances of the safety and efficacy of CO2 removal. This has the potential to undermine attempts to build societal agreement around future deployment of CO2 removal technologies.
10. Title: Knowledge, Social Influences, Perceived Risks and Benefits, and Cultural Values Explain the Public's Decisions Related to Prudent Antibiotic Use.
Authors: Visschers, Vivianne H. M.; Feck, Vanessa; Herrmann, Anne.
Abstract: People should use antibiotics (AB) prudently to mitigate antibiotic resistance (ABR). Previous studies—and, subsequently, interventions—on ABR have focused mainly on improving public awareness and knowledge. We investigated a comprehensive theory‐based explanatory model to understand the public's decision making regarding prudent AB use, based on, among others, the theory of planned behavior. In a cross‐sectional online survey, the psychological determinants of people's decisions about prudent AB use were examined in a sample of 1,228 Swiss adults. The questionnaire assessed respondents' demand for AB, willingness to adopt measures that prevent the need for AB, perceived risks of ABR, perceived benefits of AB, attitudes and social influences regarding AB, knowledge of AB and ABR, and cultural values. Mokken scale analysis revealed three types of knowledge: knowledge of the functioning of AB, of ABR, and of preventive measures. Structural equation modeling indicated that respondents' demand for AB was mostly predicted by social influences, perceived benefits of AB, and knowledge of AB functioning. Willingness to prevent AB use was mainly related to conservative values, perceived risks of ABR, negative attitudes toward AB, and knowledge of preventive measures. Our study suggests that the provision of information about AB and preventive measures is a first step toward changing people's decisions related to prudent AB use. Future interventions that additionally utilize cultural values to convey important messages and target additional factors, such as social influences, the risks of ABR, and the benefits of cautious AB use, can be more successful in promoting prudent AB use.
11. Title: Is Crisis and Emergency Risk Communication as Effective as Vaccination for Preventing Virus Diffusion? Measuring the Impacts of Failure in CERC with MERS‐CoV Outbreak in South Korea.
Authors: Ho Young Yoon
Abstract: This study measured the impacts of failure in Crisis and Emergency Risk Communication (CERC) during the outbreak of a contagious Corona viral disease. The study measured the impacts by the number of individuals and hospitals exposed to the virus. The 2015 Middle East Respiratory Syndrome (MERS) outbreak in South Korea was used to investigate the consequences of CERC failure, where the names of hospitals exposed to MERS‐CoV were withheld from the public during the early stage of virus diffusion. Empirical data analyses and simulated model tests were conducted. The findings of analyses and tests show that an early announcement of the hospital names and publicizing the necessary preventive measures could have reduced the rate of infection by approximately 85% and the number of contaminated healthcare facilities by 39% at maximum. This level of reduction is comparable to that of vaccination and of social distancing.
12. Title: Modeling Epistemic Uncertainty in Offshore Wind Farm Production Capacity to Reduce Risk.
Authors: Zitrou, Athena; Bedford, Tim; Walls, Lesley.
Abstract: Financial stakeholders in offshore wind farm projects require predictions of energy production capacity to better manage the risk associated with investment decisions prior to construction. Predictions for early operating life are particularly important due to the dual effects of cash flow discounting and the anticipated performance growth due to experiential learning. We develop a general marked point process model for the times to failure and restoration events of farm subassemblies to capture key uncertainties affecting performance. Sources of epistemic uncertainty are identified in design and manufacturing effectiveness. The model then captures the temporal effects of epistemic and aleatory uncertainties across subassemblies to predict the farm availability‐informed relative capacity (maximum generating capacity given the technical state of the equipment). This performance measure enables technical performance uncertainties to be linked to the cost of energy generation. The general modeling approach is contextualized and illustrated for a prospective offshore wind farm. The production capacity uncertainties can be decomposed to assess the contribution of epistemic uncertainty allowing the value of gathering information to reduce risk to be examined.
13. Title: A Connectionist Model for Dynamic Economic Risk Analysis of Hydrocarbons Production Systems.
Authors: Mamudu, Abbas; Khan, Faisal; Zendehboudi, Sohrab; Adedigba, Sunday.
Abstract: This study presents a connectionist model for dynamic economic risk evaluation of reservoir production systems. The proposed dynamic economic risk modeling strategy combines evidence‐based outcomes from a Bayesian network (BN) model with the dynamic risks‐based results produced from an adaptive loss function model for reservoir production losses/dynamic economic risks assessments. The methodology employs a multilayer‐perceptron (MLP) model, a loss function model; it integrates an early warning index system (EWIS) of oilfield block with a BN model for process modeling. The model evaluates the evidence‐based economic consequences of the production losses and analyzes the statistical disparities of production predictions using an EWIS‐assisted BN model and the loss function model at the same time. The proposed methodology introduces an innovative approach that effectively minimizes the potential for dynamic economic risks. The model predicts real‐time daily production/dynamic economic losses. The connectionist model yields an encouraging overall predictive performance with average errors of 1.954% and 1.957% for the two case studies: cases 1 and 2, respectively. The model can determine transitional/threshold production values for adequate reservoir management toward minimal losses. The results show minimum average daily dynamic economic losses of $267,463 and $146,770 for cases 1 and 2, respectively. It is a multipurpose tool that can be recommended for the field operators in petroleum reservoir production management related decision making.
14. Title: Spatial Risk Factors for Pillar 1 COVID‐19 Excess Cases and Mortality in Rural Eastern England, UK.
Authors: Brainard, Julii; Rushton, Steve; Winters, Tim; Hunter, Paul R.
Abstract: Understanding is still developing about spatial risk factors for COVID‐19 infection or mortality. This is a secondary analysis of patient records in a confined area of eastern England, covering persons who tested positive for SARS‐CoV‐2 through end May 2020, including dates of death and residence area. We obtained residence area data on air quality, deprivation levels, care home bed capacity, age distribution, rurality, access to employment centers, and population density. We considered these covariates as risk factors for excess cases and excess deaths in the 28 days after confirmation of positive Covid status relative to the overall case load and death recorded for the study area as a whole. We used the conditional autoregressive Besag—York–Mollie model to investigate the spatial dependency of cases and deaths allowing for a Poisson error structure. Structural equation models were applied to clarify relationships between predictors and outcomes. Excess case counts or excess deaths were both predicted by the percentage of population age 65 years, care home bed capacity and less rurality: older population and more urban areas saw excess cases. Greater deprivation did not correlate with excess case counts but was significantly linked to higher mortality rates after infection. Neither excess cases nor excess deaths were predicted by population density, travel time to local employment centers, or air quality indicators. Only 66% of mortality was explained by locally high case counts. Higher deprivation clearly linked to higher COVID‐19 mortality separate from wider community prevalence and other spatial risk factors.
15. Title: A Markov Decision Process Approach for Cost‐Benefit Analysis of Infrastructure Resilience Upgrades.
Authors: Zhu, Qianru; Leibowicz, Benjamin D.
Abstract: As climate change threatens to cause increasingly frequent and severe natural disasters, decisionmakers must consider costly investments to enhance the resilience of critical infrastructures. Evaluating these potential resilience improvements using traditional cost‐benefit analysis (CBA) approaches is often problematic because disasters are stochastic and can destroy even hardened infrastructure, meaning that the lifetimes of investments are themselves uncertain. In this article, we develop a novel Markov decision process (MDP) model for CBA of infrastructure resilience upgrades that offer prevention (reduce the probability of a disaster) and/or protection (mitigate the cost of a disaster) benefits. Stochastic features of the model include disaster occurrences and whether or not a disaster terminates the effective life of an earlier resilience upgrade. From our MDP model, we derive analytical expressions for the decisionmaker's willingness to pay (WTP) to enhance infrastructure resilience, and conduct a comparative static analysis to investigate how the WTP varies with the fundamental parameters of the problem. Following this theoretical portion of the article, we demonstrate the applicability of our MDP framework to real‐world decision making by applying it to two case studies of electric utility infrastructure hardening. The first case study considers elevating a flood‐prone substation and the second assesses upgrading transmission structures to withstand high winds. Results from these two case studies show that assumptions about the value of lost load during power outages and the distribution of customer types significantly influence the WTP for the resilience upgrades and are material to the decisions of whether or not to implement them.
