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1. Title: How Safety Science Can Be Strengthened by Clarifying Its Foundation and Increasing Its Interaction with Risk Science
Authors: Terje Aven
Abstract: Today, there is no authoritative accepted definition of safety science, although, empirically, delineations can be drawn based on the papers published in safety science journals. The meaning, object, and scope of safety science have been extensively discussed by leading scholars in recent years. The present paper aims to contribute to this discussion by clarifying safety science's foundation and relationship to risk science. The paper argues that there is a potential for further enhancement of the understanding, assessment, communication, and handling of safety issues by a stronger interaction with risk science, both generic and applied risk science. Safety science is concerned with topics which all relate to risk, yet we often see safety science literature on such topics without addressing risk. A main conclusion of the paper is that safety science can be included in risk science, with the main topics as part of applied risk science but also contributions to generic, fundamental risk science.
2. Title: A Systematic Review of Controlling Rumors in Online Social Networks: Insights from Epidemiological Models
Authors: Chitra Lekha Karmaker, Ridwan Al Aziz, Md. Hasin Arman, Jun Zhuang
Abstract: Online social networks have transformed global communication, enabling instant interaction but also accelerating the spread of rumors and misinformation that threaten public trust. While much research targets rumor detection, strategies for controlling rumor diffusion remain limited. This study systematically reviews 62 peer-reviewed papers focusing on control-oriented epidemiological (compartmental) models to analyze and mitigate rumor propagation across six major databases: Web of Science, IEEE Xplore, ProQuest, ScienceDirect, Engineering Village, and ACM Digital Library. Results show the Susceptible–Infected–Recovered (SIR) model dominates, with 87.10% of studies adopting deterministic approaches. Approximately 35% consider heterogeneous networks, and 75.81% rely on synthetic datasets, which restricts real-world validation. Common control measures include education & behavioral interventions, media & public communication, often optimized via Pontryagin's Maximum Principle. The review emphasizes the need for stronger empirical validation and adaptive modeling to enhance rumor management and ensure information integrity.
3. Title: Influencing Officials’ Adoption of AI for Risk Decision-Making: An Experimental Study in Emergency Contexts
Authors: Shuang Zhong, Xiaofeng Xu
Abstract: As artificial intelligence (AI) becomes more integrated into public decision-making, its anthropomorphic features raise new questions about trust, accountability, and risk in high-stakes emergency contexts. Existing research highlights the importance of cognitive alignment between algorithmic outputs and bureaucratic reasoning, yet little is known about how AI's human-like cognitive and emotional cues shape officials’ behavioral adoption. Drawing on AI anthropomorphism and dual-process theory, this study proposes a dual-path trust model linking cognitive congruence and emotional empathy in AI recommendations to officials’ adoption decisions. Using a 2×2 between-subjects experiment with 322 Chinese emergency officials, the findings show that cognitive congruence has a strong positive effect on adoption, while emotional empathy has a weaker but independent effect. These results reveal a structural paradox: while emotional empathy can increase initial acceptance, only cognitive congruence reliably enhances adoption by providing the defensible rationale needed to mitigate perceived liability risks and operational uncertainty in high-stakes crises. The study offers implications for designing transparent, accountable, and trustworthy AI systems that support defensible decision-making in emergency management.
4. Title: A Critical Review of Scientific Data Pertaining to Dermal Exposures to Per- and Polyfluoroalkyl Substances (PFAS)
Authors: Jonathan Heywood, Jennifer Sahmel, Stephanie Tack, Jason Lotter, Shannon H. Gaffney, Scott G. Dotson
Abstract: Per- and polyfluoroalkyl substances (PFAS) are synthetic highly fluorinated organic compounds that have been used in a variety of industries and commercial and consumer products such as non-stick cookware, food packaging, medical devices, textiles, firefighting foam, and cosmetics and personal care products (PCPs). Due to concerns regarding the environmental and human health risk of PFAS, numerous studies have been published that investigated topics such as environmental fate, oral toxicology, and potential exposure pathways and routes. Few studies have characterized dermal exposure and uptake potential of PFAS, despite recognition that dermal contact may represent a viable exposure route in certain scenarios. This analysis includes a targeted literature review of studies evaluating PFAS dermal exposure potential, including (1) the potential for transfer and loading onto the skin surface as a result of common dermal exposure pathways, (2) empirical data regarding dermal exposure assessment factors, and (3) estimates of external dermal doses associated with different PFAS exposure sources in addition to any internal dose estimates. Across 37 relevant studies identified, 18 evaluated PFAS exposure from use of cosmetics and PCPs, eight from clothing, six from dust, and five from other scenarios (e.g., site contamination, electronic waste). Estimates for human dermal exposure were generally <1 ng/kg-bw/day for individual compounds and total PFAS, although some authors reported >100 ng/kg-bw/day for select scenarios. Studies generally reported that dermal PFAS exposures, when measurable, constituted a small fraction of total PFAS exposure relative to other routes. The toxicological relevance of dermal PFAS exposures at these levels remains unclear.
5. Title: Increased Risk of Work Safety Accidents During Extremely High Temperatures
Authors: Yongjian Zhu, Haibo Zhang
Abstract: Global climate change and the urban heat island effect are increasingly exposing workplaces to extreme high temperatures, but the extent to which this elevates the risk of work safety accidents remains uncertain. In this study, we introduced an environmental epidemiology approach to quantify the relationship between extreme heat and work safety accidents in Chinese cities. We found that exposure to extremely high temperature was associated with an 18.7% increase in the risk of work safety accidents, compared to the reference temperature. Notably, low-severity, road transport, and vehicle accidents, as well as regions located in temperate monsoon and tropical/subtropical monsoon zones, were susceptible to extreme heat. We also estimated that 1% of work safety accidents in our dataset could be attributed to extremely high temperatures. These findings enhance our understanding of extreme weather risks in work safety and emphasize the urgent need for effective adaptation strategies and preventive measures in city management.
6. Title: Advancing Systemic Risk Assessment for Complex, Interdependent Systems: A Research Agenda
Authors: Tom Logan, B. Rachunok, K. Hardaway, D. Bristow, A. Reilly, D. Johnson, J. Johansson, G. Cremen, J. Boakye, P. Schweizer
Abstract: Engineering risk assessment has traditionally focused on direct impacts to individual assets or systems. However, as society's most notable risks increasingly stem from complex, interdependent systems, conventional methods fail to capture the cascading consequences and deepening uncertainty. Addressing this gap requires developing or extending assessment methods. To guide such development and align research efforts, this paper introduces a taxonomy of risk assessment methods. The taxonomy classifies methods by their capability to assess different types of consequences and systemic behaviors. Tier 1 methods can assess direct, localized impacts; Tier 2 methods also capture cascading consequences in interconnected systems; Tier 3 methods also address emergent, transformative, and uncertain dynamics. We identify key system and knowledge characteristics that challenge existing methods and outline research priorities necessary to advance systemic risk assessment: Analyzing consequences, structuring uncertainty, evaluating trade-offs, strengthening causal inference, ensuring defensibility, and communicating results. This agenda aims to guide future research towards risk assessment methods suitable for the systemic risk challenges society increasingly faces.
7. Title: Systemic Risk-Informed Bi-Level Optimization for Resource Trade-Offs in the Water-Energy-Food-Carbon Nexus
Authors: Shiqi Tan, Yuezhe Zhang, Liming Yao, Tao Liu, Lingkang Xu
Abstract: Systemic risks across the water-energy-food-carbon (WEFC) nexus threaten the resilience of major river basins under converging climate, economic, and ecological pressures. This paper presents a bi-level optimization and risk-informed assessment framework that integrates multidimensional risk and equity metrics into resource allocation and policy design, with application to the Yellow River Basin (YRB) in China. By simulating five distinct scenarios, including baseline, climate change, sustainable development, economic priority, and technology innovation, the results show that different governance pathways produce sharply divergent outcomes for efficiency, equity, and systemic vulnerability. Technology- and market-driven strategies increase basin-wide economic output (up to 86.7 billion CNY for Nei Mongol Zizhiqu) but widen spatial inequalities (Gini index up to 0.663) and, in some provinces, raise systemic risk exposure (SRCI up to 0.493). Sustainable development pathways substantially reduce equity gaps (Gini 0.426) and rebalance resource allocation yet may elevate water stress or emissions locally. No single scenario achieves simultaneous gains across all objectives, but only risk-informed, adaptive strategies reveal how targeted water rights trading and ecological safeguards can buffer regional vulnerabilities and enhance overall system resilience. Our results provide quantitative evidence that integrating risk and equity into nexus management enables more robust, context-specific responses to compounding shocks in complex socio-environmental systems.
8. Title: Sensitivity Analysis: A Practical Guide to Teaching
Authors: Stefano Tarantola, Ivana Aleksovska, Mariia Kozlova, Alessio Lachi, Samuele Lo Piano, Rossana Rosati, Andrea Saltelli
Abstract: Sensitivity analysis is the process of attributing the variability of model outputs to uncertainties in input parameters and assumptions. Why is this technique important? Which methods and concepts should be prioritized in teaching it? And what instructional strategies are best suited to different audiences? This work seeks to address these questions by drawing on the experience gained from 12 summer schools conducted by the authors since 1999, along with numerous specialized training courses delivered to academia, research organizations, and international institutions. We aim to distill these experiences into practical guidance for teaching sensitivity analysis, offering both methodological foundations and pedagogical strategies to support educators and future practitioners.
9. Title: Security Actions in Urban Rail Transport Networks: A Multi-Objective Optimization Approach
Authors: Susan Kouroshniya, Reza Mohammad Hasany PhD
Abstract: The vulnerability of transportation infrastructure is critical to the optimal performance of public transit systems, particularly rail networks, which have consistently been targeted by terrorist attacks. This article aims to identify critical arcs vulnerable to attacks and to evaluate attacker and defender behavior under varying budget levels. We present a continuous nonlinear bi-objective optimization model in which the attacker seeks to maximize the average travel time and the weighted variance, whereas the defender aims to minimize them. We focus on defense measures that are rapidly reallocated and can be kept partially or fully unobservable (e.g., allocation of guards to protect the railway), motivating a simultaneous model. Durable, observable hardening investments are beyond our current scope and are more appropriately addressed with sequential models. To solve the model at scale, we employ a combination of the Lagrange relaxation method and the Frank–Wolfe algorithm to transform the Minimax model into a convex nonlinear minimization model. Results show that the proposed model successfully identifies critical arcs and demonstrates that increased defensive investment can significantly reduce attacker impact. A case study on Iran's railway reveals a linear, nonlinear, or peak-like attacker–defender behavior by considering budget thresholds beyond which attacks become ineffective.
10. Title: Bioaerosol Emissions from Municipal Solid Waste Transfer Points: Seasonal Characteristics, Quantitative Health Risks, and the Role of PPE Protection
Authors: Wajid Ali, Qing Yan, Ke-yu Chen, Zi-qi Yang, Si-bo Cheng, Rong-xin Wang, Zhen Hu, Cheng Yan
Abstract: Bioaerosol emission characteristics from municipal solid waste (MSW) transfer points pose significant health risks to workers and residents. However, studies on its computable evaluation are rare. This study examines the emission characteristics of Staphylococcus aureus and Escherichia coli bioaerosols at various sampling points in and around the MSW transfer point in summer and autumn. Monte Carlo simulation-based quantitative microbial risk assessment was used to estimate the annual probability of infection (P(a)inf) and disease burden (DB) for worker groups (waste collector and operator) and pedestrians with or without personal protection equipment (PPE). Furthermore, sensitivity analysis identified the contribution of input variables to DB variance and rank correlation coefficients. The results show that bioaerosol concentrations at the control room were 1.19–1.34 times lower than the center point but 1.18–1.56 times higher than those at the footpath. The P(a)inf of E. coli and S. aureus bioaerosol for all exposure scenarios in the summer was 1.66–2.18 and 1.45–1.63 times, respectively, higher than that in the autumn. For all exposure populations, the DB with PPE was approximately one order of magnitude lower than that without PPE. Exposure concentration to the DB without PPE was the first predominant input parameter for all exposure scenarios. Sensitivity analysis recommends using PPE as a key mitigation strategy to manage bioaerosol health risks during different seasons and worker roles. This research delivered novel data and provided guidelines for controlling the bioaerosol emission health risks from MSW transfer points.
11. Title: Evolutionarily Optimal Risk Aversion
Authors: Thorsten Chmura, Kim Nguyen, Florian M. Biermann
Abstract: In an experimental choice situation, we identify risk-acceptability thresholds and show how such thresholds are updated in response to benchmark information, a recurrent feature of health, safety, and environmental (HS&E) risk governance. We present a theoretical framework linking the observed behavior to an underlying evolutionary parameter, which in this case is (an abstract notion of) risk aversion. The theoretical model allows to predict how the experimental subjects adjust their risk aversion when informed about the risky choices of others. Applications of the framework arise naturally in HS&E settings, where individuals and organizations revise risk thresholds by observing peers, experienced coworkers, or acknowledged experts. By distinguishing confidence-driven inertia from trust-driven overreaction, the paper provides actionable guidance for HS&E risk communication and adaptive risk management.
12. Title: How Communication of Scientific Uncertainty Affects Trust in Science—A Systematic Review
Authors: Christian Schuster, Andreas M. Scheu
Abstract: Trust in science provides a foundation to address societal challenges in democracies, such as climate change, global health crises, or armed conflicts. The communication of scientific uncertainties in professional science communication can impact these trust relationships, a factor that has become increasingly relevant with the exponential growth in scientific output and the accelerating pace of innovation as well as with the spread of disinformation on social media and the need to manage related societal consequences. This systematic review evaluates the available scientific evidence on how external communication of scientific uncertainty affects trust in science. To identify general trends in this conceptually diverse field, we employed broad and inclusive variable definitions and search strings to screen literature from four relevant international databases. We identified and synthesized 24 articles as the core body of evidence and highlighted factors that influence trust, offering recommendations for science communication practice. Our findings suggest that communicating scientific uncertainties generally has a positive impact on trust in science, whereas downplaying uncertainty may foster distrust. However, communicating uncertainties also carries inherent risks, and understanding the audience is critical. When audiences feel personally affected, or when science communication addresses sensitive political issues, interest groups may exploit scientific uncertainty to undermine trust in science for political purposes. In such cases, communicating uncertainty requires particular care both during and after the initial communication process. Science communicators should closely monitor public reception and discussions, especially in digital media environments, to swiftly counteract misinterpretations and misinformation.
13. Title: An Integrated Cloud-Based Failure Mode and Effects Analysis Framework for Risk Assessment of Unmanned Aerial Vehicle Operations in Urban Logistics Using Group Consensus
Authors: Fei Gao
Abstract: Unmanned aerial vehicles (UAVs) are increasingly considered for urban logistics, including the delivery of critical medical supplies. However, their safe operation in dense urban environments requires systematic risk analysis that can account for both technological uncertainties and human factors. Conventional failure mode and effects analysis (FMEA) offers a structured way to identify and prioritize risks but is limited by its use of deterministic evaluations and the absence of mechanisms to handle uncertainty or disagreement among experts. To address these limitations, this study develops an integrated cloud-based FMEA framework to UAV logistics operations. The method begins with expert assessments expressed through linguistic terms, which are transformed into cloud models to represent uncertainty more faithfully. A consensus-reaching process is then applied to align divergent expert opinions and establish an aggregated evaluation matrix. To determine the relative importance of risk factors, a hybrid weighting scheme is employed that combines subjective judgments through cloud step-wise weight assessment ratio analysis (SWARA) and objective information through cloud criteria importance through intercriteria correlation (CRITIC). These weights are subsequently integrated into a cloud technique for order similarity to ideal solution (TOPSIS) procedure that produces a transparent ranking of failure modes. The framework is applied to a case study of medical supply delivery UAVs, where it identifies the most critical risks and validates the prioritization through sensitivity and comparative analyses. The results demonstrate that the proposed approach provides a robust and practical decision-support tool for enhancing safety in urban UAV logistics.
14. Title: Harnessing the Hybrid Intelligence of Crowd and Artificial Intelligence in Group Decision Making for Uncertain Disaster Response
Authors: Ming Tang, Mengjia Li, Leilei Xie
Abstract: Crowdsourcing is now widely used in disaster management. However, restricted access to social media of vulnerable people in poor areas will pose a risk of selective bias. This study presents a framework to harness the hybrid intelligence of crowd and artificial intelligence (AI) in group decision-making problems to improve the inclusiveness of disaster response decisions. First, crowdsourced data are utilized to extract immediate needs, while an AI algorithm predicts broader population requirements based on area vulnerability features. To improve compassion, the degree of human suffering is estimated by a deep learning method, so as to allocate relief resources to the most urgent victims. To manage the inherent uncertainties in decision-making, a stochastic optimization model is used. Next, a group decision-making method is proposed by incorporating the solutions of the crowd and the AI. A consensus-building approach through mining the maximum consensus sequences is introduced. The framework's efficacy is demonstrated through a real-world case study of the 2021 Henan flood. This study contributes to the field by offering a comprehensive model that enhances real-time disaster response through the combined strengths of crowd and AI intelligence in group decision making.
15. Title: Looking for a Straw in a Haystack by Bridging the Cracks Between Individual Judgments: Narrowing the Knowledge Gap To Anticipate Surprises by Transforming Risk Assessors’ Small Worlds Into Large Worlds
Authors: James Derbyshire, Terje Aven
Abstract: The world is constantly changing, yet a risk assessment is based on the knowledge available at one point in time. There will therefore be a gap between the range of possibilities known or conceivable to the assessor at that time and all the possibilities that could occur over infinite time. This will leave the door open to surprises. Anticipating surprises, therefore, requires the narrowing of this knowledge gap. We outline an approach to narrowing it that transforms risk assessors’ small-world representations into a large-world representation by configuring them into a small-world network. Small-world representations are individuals’ partial and subjective perspectives on an aspect of reality. What we call a large-world representation integrates these small-world representations. This transformation narrows the knowledge gap by integrating dispersed knowledge about, and intersecting alternative framings of, a focal risk, thereby dynamically updating the knowledge landscape underpinning its assessment. We use the 9/11 attack as an example. That surprise resulted from a failure to intersect the frames “suicide attack” and “hijacking,” meaning that the possibility of a “suicide hijacking” went unconsidered. Configuring risk assessors into a small-world network would have increased the chance that these two frames would intersect in a risk assessment, thereby anticipating this surprise outcome. In sum, the approach we outline operationalizes the recently extended (C, U) risk-assessment framework. It increases the chance that surprises are anticipated by enabling risk assessors to see as an integral whole what they could otherwise see only fragmentarily.
16. Title: An Internal Validation Assessment of Scale Across Composite Index Model Structures
Authors: Selena Hinojos, Caitlin Grady
Abstract: Planning for natural hazards is vital, as these events can cause mass destruction and severely impact livelihoods. To aid hazard preparedness decision-making, organizations can utilize composite indices like a Social Vulnerability Index (SVI), developed to identify vulnerable populations to ensure that those with inherent social inequities are considered in planning. However, SVI construction involves various approaches that introduce epistemic uncertainty, potentially affecting resulting decisions. While progress has been made in understanding how construction processes affect index results, the spatial elements of SVI models are underexplored, with conflicting views on the influence of scale selection. This study addresses this gap by evaluating how changes in the selection of scalar properties (areal units and geographic boundaries) and indicator selection impact SVI ranks for two indices, the Centers for Disease Control SVI and the Hazards Vulnerability and Resilience Institute SVI. We examine these changes across three model structures: hierarchical with z-score standardization, hierarchical with percentile ranking normalization, and inductive with z-score standardization, employing an uncertainty and sensitivity analysis. When altering scalar and indicator properties, we found the inductive model less robust than hierarchical models. We also observed indicator selection as the primary driver of variability in SVI ranks across all model structures. However, we found significant yet mixed effects of scale selection and interaction effects on variability in SVI ranks. Our findings highlight the role of scale selection in shaping index outcomes and underscore the need for critical evaluation in SVI creation to advance equitable hazard management.
17. Title: Water Security in Fragile States: Mapping Governance and Water Access in Libya
Authors: Beth Ellinport, S. E. Galaitsi, Gertrude Pavur, Ashraf Baher, Megan C. Marcellin, James H. Lambert, Benjamin D. Trump, Igor Linkov
Abstract: The nation of Libya, among others of the Southwest Asia and North Africa (SWANA) region, encounters both fragile governance and natural aridity. This study addresses both by introducing a water security framework that connects water resources to infrastructure investment using geographic data and metrics. A demonstration analyzes water security indices across Libya's political jurisdictions. The results identify locations where there are significant deficits in both natural resources and access to infrastructure and the approach supports discussion of possible policy interventions and priorities for adaptive governance. The outcomes can support water scientists, policymakers, and others with expertise across community resilience, rebuilding of states, and institutional/organizational behaviors.
