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When Resilience Replaces Reliability: Resilience Organizing in Extreme Arctic Infrastructure Environments
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Introduction

Infrastructure management in extreme environments demands a fundamental reconceptualization of how organizations plan for and respond to disruptions. Traditional High Reliability Organization (HRO) theory, developed through studies of nuclear power plants, aircraft carriers, and air traffic control systems, focuses on preventing catastrophic failures through collective mindfulness and systematic attention to potential errors. From an organization perspective, HRO theory has become the dominant framework for managing critical infrastructure systems, with researchers and practitioners applying its principles to water treatment facilities, electrical grids, transportation networks, and other essential services where failure prevention is paramount (e.g., Weick & Sutcliff, 2015).  However, in contexts where environmental conditions make failure inevitable rather than exceptional, the pursuit of reliability may itself become a vulnerability. When infrastructure operates on melting permafrost, depends on seasonal barge access for supplies, or serves communities accessible only by small aircraft, for instance, the question shifts from how to prevent failure to how to adapt when failure occurs. In such environments, what would constitute a failure elsewhere is normal operation. In these circumstances, adaptability, rather than reliability, becomes the operational norm. 

Remote Arctic Alaska exemplifies these extreme conditions, where geographic isolation, climate, and limited redundancy make disruption a persistent operational reality. This study examines how remote Arctic communities in Alaska operate water, sanitation, energy, and transportation infrastructure under conditions that challenge the foundational assumptions of HRO theory. Drawing on qualitative interview data from infrastructure professionals and community leaders across Western Alaska, this research argues that High Resilience Organizing (HiResO) provides a more appropriate theoretical framework for understanding how communities build adaptive capacity when consistent service delivery proves impossible. The findings have significant implications for infrastructure management, engineering practice, and organizational theory in contexts characterized by chronic disruption, offering lessons that are increasingly relevant as climate change intensifies infrastructure challenges globally.

Background Literature
High Reliability Organization theory emerged from research studying organizations operating complex, hazardous systems with remarkably few accidents (Roberts, 1990). Roberts’ (1990) work established that certain organizations achieve exceptional safety records through specific organizational practices rather than luck or simple risk avoidance. Weick and Sutcliffe (2015) subsequently identified five core principles underlying high reliability: preoccupation with failure, reluctance to simplify, sensitivity to operations, commitment to resilience, and deference to expertise. These principles create what Weick and Sutcliffe (2015) term collective mindfulness, enabling organizations to anticipate, detect, and respond to potential failures before they escalate into catastrophic events.

HRO theory contrasts with Normal Accident Theory (Perrow, 1984), which posits that accidents in tightly coupled, interactively complex systems are inevitable regardless of management effectiveness. While HRO proponents argue that organizational practices can mitigate systemic risks, both perspectives assume that crisis events punctuate otherwise stable operations. Neither framework adequately addresses contexts where disruption constitutes the baseline condition rather than an aberration.

The concept of High Resilience Organizing has recently been introduced to shift focus from preventing failures in inherently high-risk environments to building adaptive capacity across organizations facing chronic, cascading crises (Chewning et al., 2024; Doerfel & Chewning, 2026). Where HROs aim to prevent failures, High Resilience Organizations (HiResOs) acknowledge that many contemporary challenges cannot be controlled or prevented, only navigated and adapted to. The framework emphasizes multi-level organizing spanning individual, team, organizational, and interorganizational levels, recognizing that resilience often functions as a public good that requires collective action across organizational boundaries. Therefore, HiResO’s conceptualization of resilience addresses temporal dynamics absent from traditional HRO frameworks, acknowledging that sequential crises may not allow recovery time and that bouncing forward rather than bouncing back may constitute the appropriate organizational response. Thus far HiResO has not been applied to infrastructure systems or construction contexts, so this study represents a novel application of this emerging theory. 

Method
This study employed semi-structured interviews with infrastructure professionals, community leaders, and subject matter experts operating in remote Alaska. Thirteen interviews were conducted in two remote towns of approximately 4,500 people, located in different regions of Western Alaska, each serving as a service hub for up to ~60 smaller villages. Participants included utility operators, tribal representatives, state regulators, and employees of nonprofit organizations supporting Arctic infrastructure. Interviewees were selected through convenience and snowball sampling until theoretical saturation was reached. Interviews ranged from 45 to 90 minutes and addressed infrastructure challenges, service disruptions, workforce issues, supply chain constraints, and organizational coordination patterns. The interview protocol focused on characterizing the nature of operations, management, and maintenance challenges in remote Alaska systems, examining both piped and decentralized water systems, as well as related energy and transportation infrastructure.

Following the comparative analytical approach developed by Spearing et al. (2022), this study treated HRO and HiResO not as competing hypotheses, but as interpretive lenses applied to the same qualitative data. This approach enabled systematic comparison of what each framework reveals about infrastructure organizing under chronic disruption. To operationalize this comparison, interview transcripts were analyzed using constant comparative methods (Corbin & Strauss, 1990), combining deductive coding informed by HRO and HiResO principles with inductive coding to capture emergent themes from the data. The analysis identified relationships among emergent categories, revealing how environmental conditions, funding structures, workforce limitations, and organizational practices interact to shape infrastructure outcomes.

Early Findings
Preliminary analysis reveals that HRO principles map poorly onto remote Arctic infrastructure contexts. A central finding concerns the normalization of conditions that would elsewhere constitute failure: what constitutes a reliability failure in the contiguous United States is normal operation in remote Alaska. Service interruptions that would invoke emergency response elsewhere occur seasonally or more frequently in Arctic communities. For example, villages regularly experience periods of time without piped water in the winter due to system freeze ups that cannot be fixed until a part is delivered on the next barge that might arrives weeks or months later. Inconsistent service delivery is not a one-off disruption that can be eliminated; it is a daily operational reality that requires continuous adaptation. Infrastructure built on assumptions of stable permafrost now experiences foundation failures as frozen ground thaws. Transportation networks can depend entirely on seasonal barge access and weather-dependent aviation, meaning supply chain disruptions constitute a permanent operational reality rather than an exceptional circumstance requiring prevention. Reliability, in the traditional HRO sense, is simply not achievable in these environments.

Communities demonstrate sophisticated adaptive practices (e.g., local innovations and inter-organizational collaboration) that align with HiResO principles rather than traditional HRO frameworks. Local operators stockpile critical parts knowing that replacements may require weeks to arrive, as approximately 160 communities lack road access and depend entirely on barge or air freight for supplies. Water treatment personnel develop contingency protocols that assume system failures will occur, planning for when, rather than if, disruptions occur. Regional coordination mechanisms, exemplified by joint utility systems and tribal consortia, facilitate resource sharing and collective problem-solving across organizational boundaries. Regional tribal health organizations provide backup support, including bottled water, chlorine, and emergency funding during crises. 

Communities’ responses to the COVID-19 pandemic demonstrated their adaptive capacities. One of these communities moved beyond just COVID-19 response and activated pandemic preparedness plans developed in anticipation of avian flu outbreaks. Interviewees described how their geographic location necessitated concern beyond COVID-19; thus, they demonstrated that their chronic crisis-preparation practices generalize across hazard types. Similarly, they discussed how a major typhoon that hit in late September of 2022 devastated coastal infrastructure in Western Alaska. The last barge carrying building supplies had already left port, so the community knew they had to rely on their own interorganizational, local resilience networks to provide shelter until the oceans thawed the following spring. While not a part of this data collection, it is likely that Typhoon Halong, that hit Western Alaska in September of 2025 will experience similar resilience needs. 

Implications for Engineering and Infrastructure
These findings carry substantial implications for how engineers, policymakers, and external organizations approach infrastructure development in extreme environments. Designing for reliability in contexts where failure is inevitable may create vulnerability by diverting resources from adaptive capacity building. Specifically, infrastructure investments that assume stable environmental conditions will underperform as climate change accelerates permafrost degradation, alters precipitation patterns, and increases storm intensity across Arctic regions.

The research suggests that external support organizations often operate with reliability-oriented assumptions that conflict with local adaptive practices. Technical assistance programs emphasizing prevention may be less valuable than resources that support rapid response and recovery. Funding structures that penalize utilities unable to maintain continuous service (e.g., State Revolving Loan Funds available to water utilities) may disadvantage communities that have developed sophisticated resilience practices precisely because consistent service proves impossible. Communities repeatedly expressed a preference for receiving resources to build local capacity rather than for external intervention, reflecting an asset-based orientation that recognizes local expertise and knowledge as foundations of resilience.

The HiResO framework provides broad theoretical applicability for chronic disruption management across various complex systems. Understanding infrastructure management and construction processes under chronic disruption may become increasingly relevant as climate change, supply chain vulnerabilities, and cascading crises affect infrastructure systems worldwide. Lessons from Arctic communities, developed through necessity in extreme conditions, provide models for building adaptive capacity that engineering, construction, and infrastructure management disciplines can adapt for broader application. 

References
Chewning, L. V., Doerfel, M. L., Ballard, D. I., & Harrison, T. R. (2024). From crisis response to high resilience organizing. In V. D. Miller & M. S. Poole (Eds.), DeGruyter’s handbook of organizational communication theory and research (pp. 605-624), DeGruyter Press. https://doi.org/10.1515/9783110718508-031 
Corbin, J. M., & Strauss, A. (1990). Grounded theory research: Procedures, canons, and evaluative criteria. Qualitative Sociology, 13, 3-–21. https://doi.org/10.1515/zfsoz-1990-0602
Doerfel, M. L., & Chewning, L. V. (2026). High resilience organizations and communication. In M. L. Doerfel, J. A. Theiss, M. K. Venetis, & K. M. Scharp (Eds.), The Routledge handbook of communication and resilience. Routledge. https://doi.org/10.4324/9781003495697
Perrow, C. (1984). Normal accidents: Living with high-risk technologies. Basic Books.
Roberts, K. H. (1990). Some characteristics of one type of high reliability organization. Organization Science, 1(2), 160–176. https://doi.org/10.1287/orsc.1.2.160 
Scott, A. L., Howe, W. T., & Bisel, R. S. (2023). Reviewing high reliability team (HRT) scholarship: A 21st century approach to safety. Small Group Research, 54(1), 3–40. https://doi.org/10.1177/10464964221116349
Spearing, L. A., Bakchan, A., Hamlet, L. C., Stephens, K. K., Kaminsky, J. A., and Faust, K. M. (2022). Comparing qualitative analysis techniques for construction engineering and management research: The case of Arctic water infrastructure, Journal of Construction Engineering and Management, 148(7): 04022058. https://doi.org/10.1061/(ASCE)CO.1943-7862.0002313  
Weick, K. E., & Sutcliffe, K. M. (2015). Managing the unexpected: Sustained performance in a complex world. Wiley.
