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Abstract 

The concept of resilience is surging in popularity, but relevant discussions are often 

disconnected from one field to another.  To prompt integration of disparate conversations on 

resilience, we examine the concept’s origins etymologically, genealogically, and by analyzing 
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the interdependencies of drinking water and public health systems in six academic disciplines 

and practice-oriented fields. These disciplines are engineering, social work, urban studies, 

political science, communication, and public health. While the disciplinary resilience literatures 

are relatively stove-piped from one another’s contexts, they all theorize resilience at multiple 

levels of analysis. They also engage a range of understandings of how to build resilience in 

complex systems. This paper brings several conversations together, addressing gaps and 

resonances in disciplinary conceptualizations of resilience with nine propositions to cultivate 

interdisciplinary and transdisciplinary discussions and debates. We ground this creative inquiry 

in real-world examples of water system crises to highlight subthemes among the propositions 

and stimulate more diverse discussions moving forward. We examine dynamics of interfaces and 

interactions within and between systems through the Elk River Water chemical contamination in 

Charleston, West Virginia in 2014. We investigate tensions that arise in knowledge and practice 

through lead poisoning of public water systems in Washington, D.C. and Flint, MI. Finally, we 

consider how change and persistence shape learning through water infrastructure in Southern 

California. All together, these propositions offer a starting point and a provocation to strengthen 

theorizing around resilience for critical infrastructure systems.  

 

 

This research was funded by the National Science Foundation: Water and Health Infrastructure 

Resilience and Learning (Award # 1832692) 
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Introduction 

To study the resilience of critical infrastructures as socio-technical systems, scholars have had to reach 

across traditional disciplinary boundaries and form new multi-disciplinary teams (NRC, 2015). This paper 

examines six disciplines applied to the resilience of drinking water and public health systems. We included: 

engineers to understand the construction, operations, and maintenance as well as physical design and 

materials of the water system; social work scholars to focus on the welfare of vulnerable residents; urbanists 

to examine the city’s physical terrain and social relations; communication specialists to analyze interactions 

between people and institutions; political scientists to interpret the policy environment; and public health 

experts to identify systemic medical threats. “Resilience” had different meanings, both complementary and 

contradictory, for these disciplines.  This paper examines how distinct disciplinary lineages can inform 

interdisciplinary, interconnected, and multi-level theoretical propositions about systems resilience in the face 

of disaster.  

The multiplicity of the construct may explain why resilience has generated broad interest and a 

“collective surge” among researchers from physical, social science, and engineering disciplines, as well as 

among policy makers and disaster managers (Tierney, 2015). This surge, however, complicates various and 

sometimes incongruous uses of the concept. For instance, some community-based and organizational 

approaches to risk management emphasize decentralized response capacities (Somers, 2009; Spialek & 

Houston, 2018), while a range of policy initiatives aim to build resilience in local, national, and international 

institutions (e.g. IPCC, 2012; NIST 2015). At different scales, contemporary organizations, communities, 
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and institutions have embraced resilience to address social problems, manipulate physical environments, 

and prepare for system stressors such as urbanization, population migration, globalization, climate change, 

natural disasters, technological disruptions and the interaction of these factors (Rodin, 2014). Different 

disciplines can trace their own origins and development of resilience, and that lens focuses them on different 

levels of analysis and objects of study. One commonality across disciplinary traditions of resilience is that 

they each focus on complex systems dynamics. We draw out these disciplinary approaches to complex 

systems theoretically, showing that they are somewhat stove-piped, even as they are interrelated. To push 

this disciplinary theorizing toward interdisciplinary integration, this paper makes propositions to theorize 

resilience across disciplines, grounding in real world examples of water system crises.  

This paper suggests one way to systematize an interdisciplinary investigation of the big 

idea of resilience. The authors illustrate how various disciplinary approaches to resilience can be 

applied to one type of socio-technical, ecologically embedded system: drinking water. Because 

of the brevity of the journal format, we offer a brief treatment of these concepts to stimulate 

broader thinking and more integrated discussions. We examine the origins of resilience, the 

evolution of water systems, and six disciplinary approaches to resilience in fields concerned with 

drinking water systems -- engineering, social work, urban studies, communication, political 

science, and public health. Brief disciplinary reviews and examples of water system crises 

provide groundwork for nine propositions that suggest an expanded, multi-scalar, and 

interconnected framework for resilience of interdependent systems. Before unpacking the 

disciplinary entanglements of systems resilience, we first examine the origins of the resilience 

construct, and identify disciplines concerned with water systems.    
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Origins of the Resilience Construct 

 Following its emergence as a research construct, resilience quickly branched into distinct 

disciplinary lineages. We identify areas of consistency and variability of the concept over time, 

punctuated by the recent surge in use of resilience across diverse fields.   

From its earliest days, “resilience” referred both to physical systems and to people 

(Bourbeau, 2018; Bené et al., 2018). The etymology of the word traces to the 1620s, from the 

Latin re- "back" (see re-) + salire "to jump, leap.” Over the next few centuries, resilience referred 

to an echo bouncing back, rebounding from mental and emotional difficulty, elasticity, and 

measuring a material’s endurance to stress for weapons development. These multiple 

originations of resilience expanded into varied scholarly applications by the mid-20th Century. 

For instance, in the 1940s-1950s, resilience in the psychology literature described individuals’ 

abilities to withstand adverse conditions. By the 1960s-1970s, resilience became an engineering 

measure of materials under stress. In the 1970s, distinguishing the stability inherent in 

engineering resilience from constant adaptation in ecology, Holling (1973; 1996) defined 

resilience as the measure of the persistence of systems, namely an ability to absorb change and 

disturbance within critical thresholds while maintaining key relationships between populations 

and their environments, and between system centers and boundaries (Walker & Cooper, 2011; 

Folke et al 2010).  

When applied to social systems, resilience took at least two paths, highlighting its 

relevance to both policy and research implications. Governmental bodies began to adopt the 

term, with the Intergovernmental Panel on Climate Change [IPCC] (2012) employing the 

concept by the 1980s. Meanwhile, by the 1990s, social scientists joined with ecologists to 

examine the close coupling of social and ecological systems, understanding humans and their 
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environments as imbricated components of resilience in adaptive and transformative social-

ecological systems (Bené et al, 2018; Folke, 2006).  

In many cases, the concept was used to further the neoliberal rationality of governance by 

emphasizing personal reliance to contend with collective risks (Bourbeau, 2015, Joseph, 2013). 

Noting this trend in the 2005 response to Hurricane Katrina, Tierney (2015) explains that disaster 

resilience often mediates state-society relationships, constructs at-risk subjects, and employs 

technocratic solutions. Responding to the rise of resilience policies and narratives in the wake of 

Hurricane Katrina, Noyes argues, “The public idiom of resilience evinces a loss of societal 

confidence in the modern progress narrative. Its rise indexes the decline of institutional 

willingness to assume responsibility for the collective wellbeing. We might call it abdication” 

(2016, p.420). 

These various conceptual strands have shaped an accelerating number of studies through 

distinct disciplinary interpretations of resilience, especially over the past two decades. The 

psychological, social-ecological, and engineering strands of resilience meet in the study of socio-

technical complex systems, including those that make up critical infrastructures, such as drinking 

water (Boin & McConnell, 2007; L'Heureux & Therrien, 2013). We next examine how 

municipal drinking water emerged as a widespread interdependent complex system that can 

demonstrate key aspects of resilience.  

 

Municipal Drinking Water: An Emerging Complex System  

Water systems involve sophisticated environmental engineering that requires advanced 

social and political organization to ensure public health and the welfare of population centers 

during both normal times and emergencies. Complex systems are not simply reducible to their 
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parts, entailing dynamic interactions in evolving environments between physical and nonphysical 

components, with nonlinear effects and feedback loops (Cillers, et al, 2013; Carvalhaes, et al, 

2022).  For instance, there are critical dependencies and interdependencies between a water 

system and other critical infrastructure systems, as operating a water system relies on electric 

power, telecommunication, and transportation systems. To demonstrate interdisciplinary 

investments in water systems’ origins and evolution, we examine how water systems evolved 

and how these complex, dynamic systems have bounced back from threats.  

Current municipal water systems in the U.S. provide clean drinking water to communities 

by gathering, treating, and moving water through physical infrastructure with managerial 

components to businesses and residences. Water systems were initially developed in response to 

a series of public health crises and continue to be informed by existing political and urban 

systems (Melosi, 2000). As the U.S. urbanized and population density outgrew local cisterns and 

wells, advances in public health revealed that contaminated water was a vector for disease 

(Blake, 1956). Water infrastructure, distribution and later treatment and disinfection, evolved in 

direct response to a series of reoccurring cholera and then typhoid fever and yellow fever 

outbreaks throughout the 1850s to early 1900s (Ravenel, 1970; Melosi, 2000). With urban 

economic prospects threatened by populations too ill to work, water infrastructure that could 

carry and treat water from distant sources to cities became a matter of civic need and social 

welfare (Blake, 1956; Tarr, 1996). Expanding urban populations and social changes, such as the 

development of sewer systems and water-using appliances (e.g., extensive indoor plumbing) 

were critical to improving living conditions through the early 20th century and resulted in an ever 

growing need for greater quantities of clean water and continual expansion of water 

infrastructure (Melosi, 2000). These systems were owned by municipalities and largely financed 
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through municipal bonds and tax revenues from 1880-1920, with pipe routing and other 

infrastructure decisions influenced by politics as much as by engineering principles (Blake, 

1956; Melosi 1980). By 1923, municipal water systems served 97% of the residents in the 100 

largest U.S. cities. With rising pollution and the economic squeeze of the Great Depression, the 

federal government made funding of water systems a national issue and supported public works 

projects to expand supply and service. This era led to a sharp decline in waterborne disease 

outbreaks, confirming that good health, political stability, and social wellbeing relied on clean 

water (Melosi, 2000).  

While waterborne disease rates were largely under control, post-World War II industrial 

processes created a new set of source water contaminants, opening a new phase for water 

infrastructure (Melosi, 2000). These contaminants brought more ambiguous and delayed public 

health effects, such as cancer due to extended exposures.  These chemicals also had visible 

environmental consequences, such as the 1959 burning of the Cuyahoga river (Melosi, 2000; US 

EPA, 2015) . The environmental movement of the 1960s and 1970s shifted the public’s 

understanding of water pollution and resulted in regulatory changes, centralizing water quality 

regulations under the new U.S. Environmental Protection Agency through the 1972 Clean Water 

Act and 1974 Safe Drinking Water Act (Melosi, 2000; Tiemann, 2017). This period was also 

marked by extensive expansion of cities, as residents moved out of dense urban cores to the 

suburbs, increasing the size and expense of municipal water systems (Tarr, 1996). Despite the 

growing cost of all infrastructure systems, including drinking water, wastewater, transportation 

and garbage collection, the federal government decreased funding for water systems by 60% 

between 1960 and the late 1980s. This left local governments to fund 83% of water system 

expenses via user rates or taxes (Melosi, 2000). In response, many smaller systems have been 
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consolidated or privatized. To compound matters, federal water regulations are continually 

increasing the number of regulated contaminants, from 22 in 1974 to 91 in 2020, further raising 

the cost of water treatment (Tiemann, 2017).  Underfunded and in need of modernization to 

address failing infrastructure and an ever-increasing list of contaminants, water quality 

degradation in many systems has contributed to inequality among urban and racialized 

communities at risk of exposure to waterborne contaminants.   

 Water systems, as we describe here, developed in the U.S. despite unanticipated stressors 

and engaged a variety of disciplines. Engineering built, operated, and maintained physical 

infrastructure, while planning to ensure welfare of urbanizing populations involved social work 

and urban studies.  Structuring and facilitating public and institutional interactions required 

communication and political science, and preventing and treating disease and toxicity is the 

realm of public health.  Each of these disciplines developed its own approach to the study of 

water systems and their response to crisis. This focus on water systems grounds a local scale 

infrastructure that ratchets up to global significance and helps in the formulation of generalized 

propositions.  

 

 

Disciplinary Frames for Resilience 

Engineering, social work, urban studies, communication, political science, and public 

health have different understandings of resilience and how to build resilience in complex 

systems. Each discipline takes a distinct approach, even with regard to common concepts such as 

community and community resilience, while also encompassing some degree of internal 

deviation and disagreement. Here we provide an overview of each discipline’s tradition of 
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resilience. Despite their differences, these fields share responsibility for the design, construction, 

operation, and maintenance of physical infrastructure to meet the needs of residents and 

businesses, while functioning within the bounds of regulatory regimes. Their theoretical 

dissonance may cause tension when systems interface with each other, creating 

misunderstanding and barriers to functionally supporting a broad understanding of resilient 

systems that become especially apparent during disasters. To build an interdisciplinary 

conversation addressing this gap, we review how each of these disciplines approaches resilience, 

particularly in relation to complex system dynamics.  These approaches, summarized in Table 1, 

provide a foundation for the interdisciplinary propositions presented subsequently. 

 

Engineering and Water Engineering 

The concept of “engineering resilience” refers to a capacity to reach equilibrium after disruption 

in human-engineered systems, and their ability to respond to change, tolerate collapse, and 

recover to normal functioning, possibly in a better state than before (Yodo & Wang, 2016). 

Water system engineers also focus on robustness as a component of resilience, defined by a 

minimal deviation from acceptable or ideal conditions when subjected to an atypical scenario 

(Huck & Coffey, 2004). The engineering community often discusses resilience as reliability,  

framed as a measure of a system’s ability to maintain water service under failure scenarios 

(Gheisi et al., 2016) to ensure system functionality (Bruneau et al, 2003; Ayyub, 2015) and 

services (Davis, 2021; Davis, Mostafavi & Wang 2018). However, a consistent definition of 

resilience does not exist for waters systems, reflecting the complexity of the concept (Ostfeld, 

2004).   
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Table 1: Resilience across six disciplines 
  

Discipline Summary of Resilience Illustrative Definition Levels of 
Analysis 

Key 
Citations 

Water 
Engineering 

Place in the field 
• Computer modeling and measurement of physical 

infrastructure and systems to achieve water delivery 
within budget under a range of conditions, able to 
withstand attack and age, and to recover quickly 

 
System connections 
• Ability to bounce back to some equilibrium state after 

disruption 
• Conceptually intertwined with robustness, reliability, 

redundancy and rapidity 
• Includes multiple dimensions, including technical, 

organizational, social, and economic 

Resilience is the degree to 
which the system minimizes 
the level of service failure 
magnitude and duration over 
its design life when subject to 
exceptional conditions 
(Mugume et al, 2015), with 
five elements to provide safe 
drinking water: 1. Source, 2. 
Treatment, 3. Distribution, 4. 
Monitoring, 5. Response to 
adverse monitoring results 
(Huck and Coffee 2004). 
 

Water system AWWA, 
2010; Gheisi 
et al., 2016; 
Lempert, 
2019; 
Morley, 
2012;  
Pagano et al., 
2018 

Social Work Place in the field 
• Emphasis on individual and social emotional 

wellbeing during times of significant distress    
• Social justice challenge: baseline conditions and 

burdens are unequal, so marginalized communities 
face chronic problems   

 
System connections 
• Interaction of various actors and characteristics 

within a formal group’s response to an external 
stressor.  

• Understanding and intervening to measure quality of 
life and use as capacity building tool clinically  

• Resilience as a path towards things as they should be 
rather than as they were 

Interdependent members, 
contexts, and influences 
interact in adaptive 
processes to “maintain the 
well-being and functioning of 
the system and to recover 
efficiently from 
disruption.” (Van Breda, 
2016, p. 63) 

individuals, 
families/house
holds, 
communities, 
organizations, 
societal forces  

Newell, 
2020; 
Allmark et 
al., 2014; 
Rose & Palatt
iyil, 2020; 
Park, et. Al., 
2020; van 
Breda, 2016 
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Urban Studies Place in the field 
• Early usage drew from engineering and ecology, and 

expanded to social ecology & evolutionary approach 
• Intertwined with industrial ecology, urban ecology, 

and political ecology  
 
System connections 
• Returning to equilibrium states from disaster and 

climate change  
• The social coupled with the ecological; embracing 

systems change, instability, adaptation, 
transformation, and instability 

• Address social justice 

“Urban resilience refers to the 
ability of an urban system-and 
all its constituent socio-
ecological and socio-technical 
networks across temporal and 
spatial scales-to maintain or 
rapidly return to desired 
functions in the face of a 
disturbance, to adapt to 
change, and to quickly 
transform systems that limit 
current or future adaptive 
capacity” (Meerow, et al 
2016) 

Cities, 
neighborhoods, 
communities, 
regions, 
transnational 
circuits 

Beilin & 
Wilkinson, 
2015; Béné 
et al., 2018; 
Davoudi et 
al., 2012; 
Meerow & 
Newell, 
2019; 
Meerow et 
al., 2019 

Political 
Science 

Place in the field 
• Communities bouncing back from disaster, terror 

attack, flooding etc. 
 
System connections 
• Administrative capacity to adapt and self-organize in 

times of significant adversity 
• Political blame and credit taking or collaborative 

governance 
 

Capacity to withstand and 
‘bounce back’, founded upon 
the classical 
liberal subject’s capacity for 
rational behavior  

Community, 
national, 
public-private 
partnerships, 
international/gl
obal 

Aldrich, 
2012; 
Birkland & 
Waterman 
2008; Platt, 
2012; 
Roberts, 
2009; Ross, 
2013 
Humbert & 
Joseph, 
2019; Joseph 
2013) 

Communication Place in the field 
• Resilience is a function of communication systems 

and resources, community relationships, strategic 
communication processes, and community attributes 

• Resilience process involves multiple layers that 
interact and overlap with each other 

Communication processes 
that enact resilience:   
(a) crafting normalcy, (b) 
affirming identity anchors, (c) 
maintaining and using 
communication networks, (d) 

Individual, 
organizational, 
community 

Buzzanell, 
2010, 2018, 
2020; 
Seeger, 
2006; 
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System connections 
• Unifying processes, resources and 

capacities developed, sustained, and grown through 
discourse, interaction, and material considerations  

• Communication primarily serves as an instrument to 
constitute adaptive capacities that help a system 
bounce-forward  

constructing alternative 
logics, and (e) foregrounding 
productive action while 
backgrounding negative 
emotion. (Buzzanell, 2020)  

Houston et 
al., 2015 

Public Health Place in the field 
• Long-term focus on disaster preparedness, but 

language of “resilience” is new, due to 
federal mandate 

• No common overarching concept of resilience  
 
System connections 
• System’s ability to transform to improve functions 

despite significant adversity 
• What communities can do for themselves to 

strengthen their capacities, rather than concentrating 
on their vulnerability to disaster or their needs in an 
emergency 

Health system resilience is 
“the capacity of health-care 
actors, institutions, and 
populations to prepare for and 
respond to crises, maintain 
core functions in time of 
crisis; and, informed by 
lessons learned during a 
crisis.” (Kruk et al., 2015)   
 

Individual, 
family/househo
ld, natural and 
physical built 
environments, 
organizational/ 
community/ 
national/intern
ational 

Morton & 
Lurie, 2013; 
Kruk et al., 
2015; Fridell 
et al., 2020; 
Turenne et 
al., 2019 
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Water system engineers have always considered resilience in their work, since the 

reliability of clean water is critical to human health and habitation. However, quantitatively 

defining ways to measure resilience did not evolve until the late 1980s with the expansion of 

water system infrastructure modeling and analysis capabilities. While metrics typically focus on 

physical infrastructure performance, in some cases ignoring the interconnectedness of water 

systems with other societal systems, (Gheisi et al., 2016; Su et al., 1987; Wagner et al., 1988), 

engineers have begun to incorporate social, economic, and organizational aspects in measuring 

water system resilience (Balaei, et al, 2018).  

In general, the degree to which a water system minimizes the magnitude and duration of a 

service failure over its design life when subject to exceptional conditions constitutes water 

system resilience (Mugume et al., 2015). Specifically, mechanical features (of the pipes, pumps, 

etc.); hydraulic components (managing water pressure and meeting consumer demand), and 

water quality (ability to meet policy requirements and quality benchmarks) can serve as metrics 

for resilience. Water systems must meet water demands under defined conditions and within 

budget constraints. If a population is exposed to a contaminant, early detection is key. Moreover, 

water quality may change dramatically due to pipe breaks (American Water Works Association, 

2010; Gheisi et al., 2016; Morley, 2012; Su et al., 1987; Wagner et al., 1988). Systemic events 

are typically classified as either catastrophic (i.e., low probability, high consequence events, such 

as a hurricane or terrorist attack) or chronic (i.e., high probability, low consequence events, such 

as increased leakage from aging pipes). Designing and planning for events known and unknown 

is critical, as is recognizing interfaces and interdependencies with other systems (Bruneau et al 

2003, NIST 2015). Typically, however, water engineering narrowly focuses on measuring 
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resilience within infrastructure components, rather than analyzing municipal water systems 

within their larger socio-technical context.  

 

Social Work  

Social work practice, pedagogy, and scholarship has centered resilience as a useful 

concept for understanding and intervening with individuals, families, communities, and 

organizations who face adversity. Social work’s definitions of resilience influence practice and 

policy interventions. Resilience research in social work grew from Garmezy in the 1970s, who 

found that some children who would be considered “at risk” for psychopathology were able to 

function well despite adversity (Kolar, 2011). This research helped inspire a shift in the field 

away from deficit or risk- centered approaches towards an emphasis on positive adaptation and 

client empowerment, despite challenging circumstances (Bottrell, 2009). Four waves of 

resilience research within the behavioral sciences have occurred in the decades since, with the 

following sequential objectives: identifying key assets or markers for positive adaptation; 

discovering how people develop these features; promoting policies and interventions to increase 

both internal and external factors of resilience; and expanding understandings of the concept to 

different levels of analysis and cultural contexts (Kolar, 2011). While resilience has become a 

dominant term within social work, its meaning, characteristics, applications, and value as a 

construct are not universally agreed upon and have been contested as reifying individualism and 

normative value judgements (Bottrell, 2009; Garrett, 2016; Park et al., 2020).  

Resilience within social work is predominantly framed as an individual construct, both as 

a method for enhancing quality of life for students and professionals within the field and as a 

clinical tool for capacity-building and empowerment with clients (Newell, 2020; Park et al., 
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2020; Rose, 2020). Moreover, resilience is an applicable concept to the various analytic and 

practice domains that concern social work, including interpersonal relationships, family systems, 

organizations, and communities. For instance, ecological systems theory and social capital 

frameworks have helped the field broaden their analysis of resilience to include social factors 

and examine its presence within complex systems (Folke, 2006; Pinkerton & Dolan, 2007). 

Social workers conceptualize resilience at the organizational and community levels as part of this 

dynamic and complex web of relationships between power-laden people and systems. For 

marginalized and under-resourced communities, the burden to demonstrate resilience under 

adverse conditions may be both frequent and untenable. Following Almark et al.’s (2014: 2) 

important distinction that the “as-you-were endpoint” common in resilience literature is not 

sufficient for chronic problems within marginalized communities, social workers often examine 

and promote resilience as a path towards things as they should be rather than as they were.  

 

Urban Studies 

As “cities are complex and interdependent systems,” urban studies emphasizes 

interdisciplinary approaches to resilience (Godshalk, 2003). As such, urbanists employ a range of 

concepts, methods, issue areas, and theoretical commitments evolving from engineering, 

ecology, and social ecological traditions of resilience. The engineering approach focuses on 

recovery from disasters by returning city systems to pre-crisis states of equilibrium, while the 

ecological approach stresses the magnitude and features of a disruption in which systems could 

be expected to return to baseline functioning (Adger, 2003; Holling, 1996). Social-ecological 

resilience departs from a focus on returning to pre-crisis states of equilibrium by embracing 

instability, conceiving of the social as interconnected with the ecological, addressing the 



RE-IMAGING RESILIENCE 17 
 

 17 

complexity of non-linear systems interdependencies, and employing a transdisciplinary analysis 

with a social justice orientation (Beilin & Wilkinson, 2015; Stokols, 2018). This evolutionary 

approach to resilience moves beyond “bounce-back-ability” or returning to normal, toward 

complex adaptation and transformation (Davoudi, 2012). Resilience has spanned the wide range 

of issue areas and normative debates that comprise urban studies and planning since the 1970s, 

but use of the term has increased significantly since the early 2000s, with growing concern for 

how cities should be adapting to and mitigating risks associated with climate change, including 

sea level rise, hurricanes, and worsening urban heat, as well as other natural disasters, such as 

earthquakes (Béné et al., 2018).  

Urban studies scholars analyze resilience through and across the levels of neighborhoods, 

communities, cities, regions, and global networks. With the city as unit of analysis, scholars have 

examined how urban planners can assess their level of resilience amidst population change, 

economic stress, and other pressures (Liu, 2014). Studying across levels, researchers have found 

that hyperlocal, communal practices contribute to the city’s overall resilience (Petrescu et al., 

2016). Urbanists also consider inter-city network systems and comparative analysis across cities 

(Orleans et al., 2013; Rogov & Rozenblat, 2018). Urban researchers in the social ecological 

tradition view cities, neighborhoods, communities, and larger networks as embedded within 

social, political, economic, and environmental systems that influence resilience as well as other 

urban conditions, like inequality and poverty. Contesting resilience metrics that examine systems 

out of context, Meerow et al. (2019) encouraged urbanists to critically concern themselves with 

resilience for whom and for what, as well as where, when and why. Senier et al. (2014) argued 

that resilience studies must take “race as a central category of analysis; race is the node around 

which environmental damage, community vulnerability, and economic imperatives collide.” For 
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resilience studies to transform, rather than deepen, the dynamics of inequality and racism in 

modern cities in the neoliberal era, a rigorous approach centering equity must be central to 

interdisciplinary and interconnected conceptualizations of urban resilience (Meerow & Newell, 

2019).  

 

Communication  

The communication field has embraced resilience as a broad set of unifying processes, 

resources, and capacities. These approaches have emerged from theories of discourse, 

communication ecology, public relations, and strategic communication. Buzzanell’s (2010, 

2018) Communication Theory of Resilience, for example, describes social resilience as a 

collective process by which individuals reintegrate from some disruption and co-construct a new 

normal. Following this conceptualization, resilience is developed, sustained, and grown through 

discourse, interaction, and material considerations (Buzannell, 2010). A second major 

communication-based approach to resilience has been offered by Houston et al. (2015). They 

suggest that community resilience is a function of communication systems and resources, 

community relationships and attributes, and strategic communication processes.  

These conceptualizations highlight the interconnections between individual, 

organizational, community, and societal levels of analysis for resilience. For instance, Buzzanell 

(2010) describes the communication processes that function across levels, arguing, “The 

construction of resilience is a collaborative exchange that invites participation of family, 

workplace, community, and interorganizational network members” (p. 9). More recently, 

Buzzanell (2020) describes five interrelated communication processes that enact resilience: (a) 

crafting normalcy, (b) affirming identity anchors, (c) maintaining and using communication 
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networks, (d) constructing alternative logics, and (e) foregrounding productive action while 

backgrounding negative emotion. These elements emphasize the multi-dimensional, interactive, 

and emergent aspects of resilience that can be developed concurrently across various levels. 

Houston et al. (2015) also stress interconnected levels of analysis. The broader ecosystem is 

comprised of various features, such as media resources, sources of information, infrastructure, 

and the communication activities of citizens and organizations, as well as multifaceted 

relationships, connections, and associations between citizens, organizations, government, or 

media. These relationships contribute to resilience by constituting functional networks along 

with sources of social capital and support, entailing flexibility, creativity, efficacy, diversity, 

equality, social justice, and economic resources. Thus, the communication field offers a robust 

and diverse approach to resilience that reveals critical interconnections between individuals, 

community, and society, as well as an invitation to respond to adverse conditions with creativity 

and innovation.  

 

Political Science  

Variations of the resilience concept have been employed in European political discourse 

for centuries, including in the State Papers of Henry VIII in the 16th century and in Queen 

Christina of Sweden’s education policy in the 17th century, referencing a bounce back, return to a 

previous position, a retraction, or a recovery (Alexander, 2013). Despite its historical presence in 

state discourse and its popularity in other social sciences, however, resilience has not been highly 

developed within political science literature.  Nevertheless, the concept has gained traction 

within specific areas of study for the field, for instance, around the ability of certain regimes or 

political parties, particularly authoritarian ones, to retain power despite external pressures (Hess, 
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2013; Hellman, 2018; Li, 2018; White, 2017). Holling’s (1973) work on adaptations of 

ecological systems amidst adversity led to more recent conceptualizations and applications 

within political science (Alexander, 2013; Walker et al., 2004). Resilience has also been used in 

political science to understand policies’ persistence over time and how resilience can be used to 

design policy solutions (Capano & Woo, 2016; White & O’Hare, 2014).  

Most of the scholarship on the resilience concept in political science focuses on resilience 

after a natural disaster or technological crisis (Birkland & Waterman, 2008; Roberts, 2009; Ross, 

2013). As with other fields, political science adopts a view of resilience as, 

The ability of a system, community or society exposed to hazards to resist, absorb, 

accommodate to and recover from the effects of a hazard in a timely and efficient 

manner, including through the preservation and restoration of its essential basic structures 

and functions (UNISDR, 2009, p. 24, as cited in Alexander, 2013, p. 2710).  

A tradition of political ecology allows for more reflection on how vulnerability and 

uncertainty are largely socially and politically produced rather than naturalized preconditions 

(Huang 2018; O'Brien et al. 2006; Quarantelli & Perry 2005). It highlights the neoliberal 

tendency in policy approaches to exploit resilience by overtly emphasizing adaptation of 

communities to conform to changes of all kinds and become agents of their own change without 

questioning the logic of a market economy (Evans and Reid 2015). For instance, Huang (2021) 

recently unpacks how community resilience in a post-disaster context incentivizes paradoxical 

practices of land politics for indigenous farmers in Taiwan.  

The primary levels of analysis involve political systems at various levels, such as 

national, regional/state, or local/community. Disasters are seen as political events, with winners 

who benefit and losers who bear the costs (Platt, 2012). As such, while resilience occurs at the 
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systems level, its presence or absence is not experienced uniformly across the system. 

Additionally, resilience can be politicized within systems as a target for credit or blame within 

the aftermath of a disaster or crisis, as political systems take an administrative role in promoting 

resilience through preparation, recovery, and learning efforts. Stark and Taylor (2014) define 

community resilience as, “a synthesis of local (non-state) and government resources, which 

enables communities to help themselves during emergencies in ways which complement larger 

crisis-management objective” (p. 300). Engaging citizen participation in crisis management 

policy and enhancing social capital are important practices in facilitating community resilience 

after a disaster (Aldrich, 2012; Stark & Taylor, 2014). Resilience in political science reveals the 

complex nature of official state interventions, while also emphasizing non-state actors in social 

and political systems, including water systems.  

 

Public Health 

Resilience is an integrative construct for understanding how people and their 

communities achieve and sustain mental and physical health in the face of adversity (Zautra et 

al., 2010). While public health has long engaged in the study and practice of disaster 

preparedness and response, the terminology of resilience is relatively new to the field (Morton & 

Lurie, 2013). Public health departments have been motivated in part by recent policies and 

mandates to incorporate resilience into programming. Specifically, the US Centers for Disease 

Control and Prevention issued a set of standards for public health preparedness in 2011 which 

include “community resilience” among the domains that public health departments must address 

to receive funding. A 2018 update defines community resilience as “the capacity to absorb stress 

or destructive forces through resistance or adaptation; manage or maintain certain basic functions 
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and structures during disastrous events; and recover or ‘bounce back’ after an event” (CDC, 

2018, p. 156). The guidance notes, “A focus on resilience means putting more emphasis on what 

communities can do for themselves and how to strengthen their capacities, rather than 

concentrating on their vulnerability to disaster or their needs in an emergency (pp. 156-157).” 

In both practice and research, public health conceptualizes the role of resilience at 

multiple scales of analysis, including individual, family, community, nation/society, as well as 

within the physical environment. Health resilience involves person’s ability to positively adapt to 

health adversity, and there is a growing interest in developing markers for the “epidemiology of 

resilience” (Cairns-Nagy & Bambra, 2013; Glonti, 2015). Furthermore, health resilience involves 

developing strong communities within the large, global forces impacting and burdening 

communities. Regarding disaster preparedness, the field emphasizes building capacity for 

resilient health care systems. Kruk et al. (2015) define health system resilience as “the capacity 

of health-care actors, institutions, and populations to prepare for and respond to crises, maintain 

core functions in time of crisis; and, informed by lessons learned during a crisis.” However, 

Fridell et al.’s scoping review (2020) found that while Kruk et al. (2015) are commonly cited, 

their argument that learning is central to resilience is often overlooked. Public health systems can 

enhance resilience to crisis by increasing preparedness beforehand, maintaining functioning 

throughout, and engaging in learning afterwards.  

 

These six distinct disciplinary conceptualizations of resilience indicate the breadth of the 

concept within and beyond these fields.  Taken together, they portray resilience as an interactive 

systems dynamic and highlight the diversity of approaches, perspectives and bodies of 

knowledge necessary to generate resilient systems. They also reveal tensions embedded in the 
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concept and its sometimes contradictory nature. The following discussion unpacks these general 

observations by applying them to water system crises and using these disciplinary perspectives to 

propose nine propositions for advancing the concept of resilience.   

 

Propositions 

Building on the disciplinary lineages above, we use water system crises as exemplars to 

think through how resilience works in these complex systems. While some of the concepts and 

relationships described in these propositions have been discussed elsewhere within the broad 

body of resilience literature, their application to the specific context of water and public health 

systems is novel and may be useful in exploring resilience in other contexts. Propositions 1-3 

argue for understanding resilience as an interactive dynamic that manifests both within and 

between systems. Propositions 4-6 speak to key questions and tensions that resilience reveals 

around expertise, stability, and change. Propositions 7-9 address the key role of learning in 

producing resilience.  

This theorizing draws on the disciplinary frames to engage the range of system 

connections we identified across fields as they pertain to water systems and public health crises. 

We see these propositions as provocations to strengthen interdisciplinary and transdisciplinary 

thinking and theory development for key concepts. These propositions, displayed in Figure 1, 

offer a starting point for interdisciplinary theorizing around specific challenges facing critical 

infrastructure systems.  
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Interfacing dynamics within and between systems 

A storage and processing company for the coal industry, Freedom Industries was 

responsible for a 2014 chemical spill in West Virginia’s Elk River that resulted in contamination 

of a downstream drinking water system serving 300,000 people across nine counties in the 

Charleston metropolitan area (Whelton et al. 2017). Prior to the crisis, economic interests in 

mining, fracking, and tourism had contaminated mountain springs and local streams, leading to 

generations of birth defects and limiting local Appalachian residents’ clean water access to the 

Elk River via the American Water Company (Turley, 2016). During the water crisis, with limited 

storage reserves, Charleston’s water operators made the decision not to close the source water 

intake for risk of losing fire protection. This decision resulted in chemical contaminants entering 

the distribution system, resulting in more than 2,000 reported exposures to contaminated water in 

the two weeks after the spill (Thomasson et al, 2017; Whelton et al, 2015). Despite a Do Not 

Drink order, as well as declaration of a state emergency and a federal disaster, negative health 

exposures occurred. Some residents consumed water directly after the spill, while others were 

exposed by air during recommended in-home flushing (Whelton et al, 2015).   

 

• Proposition 1: Resilience both shapes and flows through system processes.  

In opposition to early conceptualizations of resilience as a static characteristic, 

communication theorists have encouraged understanding resilience as a process (Buzzanell, 

2010, 2018; Norris et al., 2008). Social work built on these processual views to conceptualize 

resilience as a flow, distributed among interconnected bodies (Menakem, 2017, p.51). Mapping 
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this view from a social network to a critical infrastructure system, we argue that resilience is not 

in itself either an attribute (i.e., a quality or possession) or a process (i.e., what happens and how 

it is done), but rather it is a dynamic of processes, orientations, and connections in systems. A 

dynamic has to do with the force, direction, and energy to fuel, trigger, and direct processes and 

define attributes. The resilience dynamic, distributed throughout a system and interconnected 

systems, may spark, push, carve out, define, maintain, or change ongoing systems operations, 

capacities, and features, ranging from physical infrastructure to institutional relationships. Rather 

than a concrete attribute or defined process, resilience as a dynamic emphasizes its role in 

directing activity and managing conditions of both stability and change. It also emphasizes that 

resilience may compete and interact with other dynamics of complex socio-technical systems.   

During the Elk River chemical spill, also known as the West Virginia Water Crisis, water 

systems balanced varied static and emergent socio-technical components, along with 

organizational and ecological components and interactions, to continually provide drinking water 

in the face of contamination, inequality, and aging infrastructure. In normal operations, resilience 

flows and redistributes through a system and interconnected systems to insulate them against 

disturbances and reinforce existing processes when, for example, source water contamination is 

mitigated through routine treatment. In the face of a disastrous chemical spill, resilience shaped 

how the water system oriented and responded. This included the system’s decision not to close 

the source intake and their approach to communication and coordination with the company at 

fault, the government, and the larger public.  Resilience, as a dynamic vector shaping and 

flowing through systems, affected the community and its stakeholder's’ capacities for response, 

recovery time, and health going forward, including how the system changed (Thomasson et al, 

2017; Whelton et al, 2015). 
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• Proposition 2: Resilience is a function of internal system attributes.  

Attributes and features internal to systems interact in complex ways to produce capacities for 

resilience (Norris et al., 2008). For example, bodies of knowledge and practice such as 

engineering, political science and communication hold that technical capacity, monitoring 

methodologies, experiences, risk monitoring and recognition systems, bodies of knowledge, 

slack resources, equipment, funding, and relationships may all contribute to a system’s 

resilience.  A complex system’s internal resilience can be understood as a function of these 

intersecting and interrelated components. As the disciplinary frames demonstrated, resilience 

functions at multiple levels and in multiple domains. The chemical spill by Freedom Industries 

illustrates how resilience relies on a water system’s internal system attributes, such as storage 

capacity, along with internal system processes, such as post-contamination monitoring of 

chemical concentrations (Whelton et al., 2017).  A singular focus on the internal attributes of a 

system reflects a common myopia of resilience traditions. We include this proposition to 

emphasize that an analysis of internal systems dynamics is necessary, albeit not sufficient for 

understanding the dynamics of resilience.  

 

• Proposition 3: Resilience is a function of interfaces and interactions between systems.  

Resilience relies not only on internal characteristics of individual systems and their 

components but also on their interactions with other systems. It relies on the social, ecological, 

material, organizational, and technical attributes and processes discussed throughout the 

disciplinary frames in a web of interfacing systems. Systems interface around various elements, 

including communication, resource sharing, and learning. One way complex systems manifest 
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resilience at their systems’ interfaces is by developing interoperative capacity to share 

information about emerging risks (O’Shay et al., 2020). As such, the resilience of a given system 

relies in part on the associations, agreements, relationships, and networks with stakeholders and 

interdependent systems. An organization, such as a municipal water system, exists within a 

larger context of stakeholders, agencies, communities, and other organizations with whom they 

interact more or less frequently. In many cases, the interdependence of these elements may not 

be fully appreciated until they are revealed by a disruption. The function and quality of these 

relationship dynamics also factor into the capacity to bounce back and forward from disruptions.  

Responding to the West Virginia Water Crisis required the municipal water system to 

coordinate and interact with dozens of public, nonprofit, and private organizations at local, state, 

and federal levels (Snair, 2014). A major lesson, according to local public health official Dr. 

Rahul Gupta, was that “it is crucial to continuously earn and maintain the public’s trust and 

confidence.” To grow resilience at the public interface, Gupta identified several areas for staff 

training and education to address the gap in skillsets and interdependencies revealed by the 

crisis. From the public view of that interface, the widespread contamination of local source water 

historically had already reduced the resilience of communities around Charleston. As they faced 

the trauma of longstanding environmental injustice compounded by a new disaster, residents felt 

responsible for being resilient during and after the crisis (Turley, 2016, p. 34), while neoliberal 

narratives of resilience emphasizing individual responsibility and downplaying the role of system 

interactions may have reduced the overall resilience of critical interconnected systems (Joseph, 

2013).   At multiple points during the crisis, different sets of stakeholders interfaced with each 

other to formulate responses that affected recovery. Each interface where systems intersected 
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revealed different systems and features of system dynamics modulating where resilience would 

be most robust and where it might be lacking or redistributed.  

Thus, we propose that building Resilience at System Interfaces (RASI) is crucial to 

navigating such complex interdependent relationships and dynamics. As propositions 1 and 2 

discussed, resilience is an inter-system dynamic as much as it is a dynamic internal to systems. 

While it is beyond the scope of this paper to fully develop the concept of system interfaces, we 

view them as where two or more systems host interactions, exchanges, and resources. We 

believe these system interfaces are crucial to the flow and distribution of resilience through 

interconnected systems. Recognizing and understanding the dynamics of RASI could be an 

important approach to building resilience in critical infrastructures. RASI can also serve as a 

conceptual anchor for emerging interdisciplinary frameworks and fields of inquiry, such as 

sustainability science.  
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Engaging tensions in knowledge and practice 

Water systems may introduce chronic stressors that disproportionately impact minority 

groups. Historical use of lead in drinking water plumbing and service lines continues to cause 

health problems through drinking water systems (Rabin, 2013), with Washington, D.C. 

(Edwards et al, 2009) and Flint, MI (Hanna-Attisha et al, 2016) serving as two important 

examples. In each case, the engineering systems designed for lead control, corrosion control, 

and water monitoring protocols failed, and the consequences reverberated throughout the 

interconnected subsystems. In Washington, D.C., a change in disinfectant designed to control 

cancer-causing byproducts led to changes in water chemistry, resulting in elevated lead release 

(Edwards et al, 2009). In Flint, MI, elevated lead release, due to a change in source water, also 

resulted in a Legionella outbreak (Zahran et al, 2018). In both cases, water system failures were 

exacerbated by regulatory and political system failures to identify the risk, address the problem, 

and communicate effectively with the public.  The consequent disasters overwhelmingly 

burdened the working class and poor Black communities of Flint and D.C. with generational 

health disparities and stigmas (Butler et al, 2016; Nowling & Seeger, 2020).  

 

• Proposition 4:  Resilience requires input from multiple  perspectives and epistemologies. 

As discussed throughout this analysis, complex socio-technical systems are epistemic 

communities that coordinate and apply specialized knowledge and expertise from diverse 

disciplines to maintain and promote system functioning (Haas, 1992). Organizations exist within 

a larger environmental context, which is a source of both uncertainty and information. Requisite 

variety suggests that the diversity and complexity of the system must match the complexity and 

diversity of the external environment (Ashby & Goldstein, 2011). An organization’s variety is a 
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measure of flexibility and capacity to recognize, process and manage external information 

including information about risks (Weick, 1979). Diversity of perspectives, expertise, and 

experience allows for richer and more complex understanding of emerging risk and risk signals. 

This diverse capacity to perceive and process information contributes to resilient systems, both in 

their ability to recognize and avoid risks and respond effectively. 

Water systems and public health systems both exist within complex and dynamic 

organizational environments and natural ecologies, where the capacity to receive and process 

information is critical to success. During the Flint water crisis, for example, managers failed to 

recognize the emerging water crisis in a timely fashion in part because the leadership had 

insufficient diversity of expertise to receive, recognize, and process risk signals (Nowling & 

Seeger, 2020). At the time, Michigan Governor Snyder had placed the City of Flint under 

Emergency Management, reducing the number and diversity of decision makers from a 

democratically elected government accountable to the public to a single appointed Emergency 

Manager focused on cost reduction (Smith, 2018). Without sufficient technical expertise or 

environmental analysis and with implicit racial biases of a mostly white political structure 

disconnected from mostly African American residents, Emergency Managers abruptly made the 

decision to switch water sources and then ignored and discounted community complaints about 

the drinking water. Thus, what happened in Flint was not only a significant crisis at the 

intersection of water and public health systems, but also a clear example of the role of requisite 

variety, or lack thereof, in contributing to resilience (Nowling & Seeger, 2020).  
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• Proposition 5: Resilience can be a catalytic dynamic in the tension between stability and 

change. 

Resilience adheres to the status quo, just as it endures change. The conceptual range 

between “bouncing back” and “bouncing forward better” embodied in the disciplinary frames 

implicitly refers to a starting point with baseline conditions in comparison to a later point, and 

embodies the tension between equilibrium states and boundary domains. While resilience is 

often presented as conceptually distinct from and in some ways opposed to renewal or 

transformative change, across fields the concept itself is expanding to argue that some 

fundamental system changes can and should occur for a system not just to bounce back to its 

previous state but to recover to an improved status quo.   

In many ways, resilience is itself an arbiter of stability and change of equilibrium states 

and their boundaries. Accordingly, resilient systems must be stable enough to remain intact but 

flexible enough to adapt to adversity over the flux of time and space. A resilient system can 

fundamentally function in the same manner after a disruption, with some changed operations, 

processes, relationships, and technologies. Significant disruptions inevitably produce some level 

of change. Yet, resilience adheres with viability and fidelity to any system in question. As noted 

in Proposition 3, when resilient systems are interdependent, they will help each other maintain 

stability amidst disruption, demonstrating RASI. However, consistent with Proposition 4, if 

resilient systems intersect and conflict, they could require fundamental change of each other.  

As a durable and flexible material that could adjust to temperature change, lead became a 

common material used to engineer water infrastructure across the U.S. However, the element 

once prized by engineering for its resilience eventually interfered with the water system’s goals 

to deliver safe water, because lead can poison humans, especially children. Drinking water 
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systems have employed various solutions, such as corrosion control, to greatly mitigate the risk. 

However, in D.C. and especially in the high profile case of Flint, these mitigating strategies 

failed, threatening the health and safety of the community, and causing a social crisis, which 

disrupted the stability of the political system enough to require policy changes. A number of 

governments, including the City of Washington, D.C. and the State of Michigan, have required 

the complete replacement of residential lead service lines. In these cases, dynamics of physical 

resilience and community resilience catalyzed change in policies governing drinking water 

systems to regain stability after construction of new water infrastructure.   

 

 

 

• Proposition 6: Resilience does not necessarily yield positive societal progress.  

Just as stability and change are not inherently good or bad, resilience is not a priori positive or 

negative. However, scholars often employ a normative view of the term (resilience as “good”) 

(Bourbeau, 2015). This positive connotation can position resilience as a panacea for a multitude 

of risks, and this view has influenced governments to require a resilience focus in funding 

requirements and initiatives. This approach (resilience as “solution”) may discount evidence of 

negative outcomes, as well as outcomes with uneven consequences for different groups of people 

in diverse contexts. Overall infrastructure resilience can gloss over hardships faced by minority 

groups and residents with lower socioeconomic status, who face disproportionate service 

disruptions during disasters (Coleman, et al, 2020). This discrimination is mirrored on a global 

scale, where residents of semi-colonial countries face chronic stressors that make them more 

vulnerable to disasters (Mostafavi et al, 2018). In many cases, neoliberal promotion of resilience 
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prioritizes market penetration for private profit over allocating public resources to shift baseline 

burdens faced by vulnerable populations (Bourbeau, 2015; Hall & Lamont, 2013; Klein, 2018). 

Rather than embracing a normative approach to resilience, we encourage a multifaceted, 

transdisciplinary analysis that considers issues of power and whose interests resilience serves 

when adhering to the status quo. For instance, racism can be seen as an exceptionally resilient 

cultural system, one that overarchingly determined who got poisoned by the public water supply 

in D.C. and Flint, requiring exceptional resilience of those communities. Race is the strongest 

predictor of water and sanitation access in the U.S., with Native American households 19 times 

less likely than white households to have indoor plumbing, and Black and Latinx households 

twice less likely than white households to have indoor plumbing (Dig Deep, 2019). No matter 

how resilient under-resourced communities may be, they are subjected by systems of inequality 

and racism that are just as resilient, if not more. Thus resilience, understood as adherence to the 

status quo and returning to the status quo after disruptions may mean avoiding transformative 

change and maintaining an unequal and racist status quo.  
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Learning as systems change and stay the same 

 “Nowhere is the vital significance of water more obvious than in Los Angeles, which today 

imports more than 80 percent of its water supply from sources lying hundreds of miles beyond its 

legal boundaries. Los Angeles grew in the nineteenth century despite its lack of sewers and 

schools, a coastal city without a port, its growth fed by booster advertising and its development 

founded on prospects for the future rather than on actual demand. By the turn of the century, 

however, the rigid limits of the city's indigenous water supply had already begun to circumscribe 

the business community's prospects for continued growth and expansion. And so, with money, 

guns, and a unity of purpose with what they identified as the public interest, the bankers and 

businessmen of Los Angeles determined to seize the water resources of the Owens Valley 240 

miles to the northeast. And, by correcting God's design for their community with the construction 

of the Los Angeles Aqueduct, they laid the foundations for the modern metropolis.” (Kahrl, 1976) 

 

• Proposition 7: Resilience reflects learning over time. 

Routine risks and disruptions to systems may not prompt the need for change. However, 

if routine events occur with sufficient regularity or in clusters, they may be interpreted as a 

substantive problem requiring change. Significant and expensive problems, however, may be so 

large scale and hard to understand and address that they are largely ignored by managers, 

consumers, and policymakers. 

 A significant disruption or crisis could lead to learning and promote system resilience, 

but this occurs beyond the immediate timeframes of immediacy and urgency. Additionally, the 

follow-through or impacts of actions systems take to learn after a disruption will not be 
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measurable at a single point in time and should be continuously assessed. Thus, the approach a 

system takes in addressing disruptions at various scales of severity and temporality governs the 

overlapping processes of resilience. 

Droughts, defined as “the mismatch between the amounts of water nature provides and 

the amounts of water that humans and the environment demand,” have become a persistent and 

intensifying feature of a modern California lifestyle (NAS, 2015). Droughts in 1992 and 2002 

prompted legislative action in California to require and provide minimal standards for municipal 

groundwater management plans. After 2009, drought created crisis-level water shortages with 

significant and ongoing consequences to residents, the economy, agricultural practices, and 

ecosystems (Service, 2009). Previous learning strategies to adapt to drought conditions involved 

a range of interventions, engaged diverse stakeholders, and led to “significant water 

conservation, development of alternative surface water supplies, and increased groundwater 

recharge and groundwater banking opportunities” (Harter & Dahlke, 2014).  Recent research 

shows that California is at its driest in 1,200 years (Williams et al 2022), and drought is also 

plaguing the Horn of Africa, large parts of South America, and the Iberian peninsula. Resilience 

to known and unknown contingencies of climate change, economic imperatives, and threats to 

ecosystem diversity will necessitate learning new strategies for coping with droughts as a chronic 

concern (Morris & Bucini, 2016).  

 

• Proposition 8: Resilience entails learning how to maintain and shift the status quo.  

To be resilient, systems must continually learn about new and changing risks and what to do 

differently to maintain the integrity of the system going forward. This learning may guide 

intentional system change, which may improve resilience.  Learning is the outcome of a process 
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of consideration. A variety of activities facilitate learning. These processes are markers of 

stability and change. Learning is also an iterative process of creating, retaining, and transferring 

knowledge within a system such that an organization improves over time (Antonacopoulou & 

Sheaffer, 2014). Organizations may learn directly from experiences and a trial and error process, 

and they may learn through observation. Learning does not necessarily promote positive 

outcomes. In some cases, learning fails. In other cases, organizations may learn the wrong 

lessons and in these cases, disruptions may lead to reduced resilience. As discussed in 

Proposition 6, resilience is neither inherently good nor bad; thus, learning in the face of 

disruption is a crucial mechanism for systems to employ to discern “what needs to be 

transformed and what needs to be conserved,” (Martusewicz et. al. 2015) rather than just what is 

needed to “bounce back.”  

Over the past 150 years, Californians learned to live in and the U.S. learned to rely on 

“the most hydrologically altered landmass on the planet” as a population center and agricultural 

powerhouse (Water Education Foundation, n.d.). The second largest U.S. city, Los Angeles 

alone relies on three massive aqueducts pumping water up and over mountain ranges from 

Northern California and Colorado (Lehrman, 2018). Over the next 100 years, California’s water 

demand is expected to rise to three times larger than its supplies (Ackerman & Stanton, 2011, p. 

17). Climate change will also increase flooding, wildfires, and heat waves, and decrease water 

supply. These realities are already shifting California lifestyles, as well as supply chains that rely 

on the state’s agriculture (Hagar, 2022). Under these conditions, learning how to build a new 

status quo for municipal drinking water systems will be necessary for the region and beyond.  
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• Proposition 9:  Learning from disruptions can lead to resilience at system interfaces 

(RASI).  

When disruptions are dramatic, large scale, and attention grabbing, they tend to create 

pressure for changes. They may do so by bringing a particular policy issue or organizational 

deficiency to the attention of decision makers as well as the public. Political science indicates 

that a disruption may become a focusing event if it is sufficiently sudden, uncommon, harmful, 

or concentrated in a particular place and time (Birkland, 1998). Such events are often the impetus 

for transformative change of interdependent complex systems. Smaller disruptions, which may 

be perceived as background noise or part of normal operations to be managed with existing 

resources and skillsets, may not require change or capture public attention enough to induce 

change. Larger scale disruptions, in contrast, may produce an agenda for change. 

A disruption can implicate elements internal to an organization, creating an agenda for 

internal change. These internal or system levels changes are generally limited to policies, 

procedures, technologies, and resources internal to organizations. Disruptions may also focus 

attention on the relationship between systems, which we are interested in here. This may include 

the development of coordinated risk sensing and response procedures that take place at system 

interfaces. A variety of activities can facilitate learning, and different levels of learning may 

produce different degrees of change, ranging from modest changes and tweaks in operations to 

fundamental structural and operational changes to an organization. Learning focuses the 

processes by which change occurs and can lead to new engagements between interdependent 

systems. Resilience at systems interfaces (RASI) emerges when interactions and learning lead to 

stronger interoperability, relationships, communications, and capacity across distinct systems.  
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Responding to the Governor’s and State Water Board’s push for more aggressive 

legislative interventions after the 2009 drought, the Association of California Water Agencies 

and the California Water Foundation released a set of proposals aimed at more effective 

groundwater management. They emphasized the need for more comprehensive and integrated 

data, clearer direction and tools from local management authorities, and state mandated and 

enforced actions, implemented at the local or regional level (Harter & Dahlke, 2014, p. 55). 

Furthermore, researchers of California’s chronic water crisis have called for more collaboration 

at system and governmental interfaces, rather than siloed approaches to seemingly competing 

interests, as well as redesigning urban and agricultural systems with an emphasis on 

sustainability in the face of climate change (Drevno, 2018; Morris & Bucini, 2016). These 

recommendations indicate that to build resilience for the coming generation, California will have 

to focus attention at its systems interfaces.  

 

Conclusion 

Interest in the concept of resilience is accelerating across disciplines, scientific fields, and 

system levels. Expanding understanding of the concept provides a bridge for rigorous discussion 

between disparate domains and disciplinary traditions. Considering the interdependencies of 

water systems as indicative of the dynamics of complex systems, this analysis proposes an 

interdependent framework on systems and system interfaces, diversity of expertise, stability and 

change, and learning as they relate to resilience. Water systems as socio-technical systems that 

host organizational ecologies and are embedded in natural ecologies have internal attributes that 

intersect and cross boundaries to affect resilience across systems. Furthermore, water system 

interdependencies fall within the working domain of a number of academic disciplines, each of 
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which have distinct disciplinary origins and approaches to resilience. The propositions suggested 

here connect contexts and levels of analysis across fields to further the interconnected, multi-

level, and interdisciplinary development of the resilience concept.  

We argue that resilience is an interactive system dynamic; a vector shaped by internal 

attributes, capacities, and cross-system interdependencies, especially influenced by learning. 

Resilience flows through and shapes systems and system interfaces, promoting stability and/or 

change, with a tendency toward maintaining the status quo. This bias holds even for an adverse 

status quo, such as structural racism. Resilience depends on and affects contextual features, such 

as the natural environment, infrastructure, political will, and socio-economic structures. To 

optimize resilience, epistemic communities, who circulate knowledge within systems, must be in 

tune with the diverse epistemologies in the external environment. This tuning helps systems to 

manage and learn from disruptions, especially major disruptions, within and across system 

interfaces. Resilience entails balancing stability and change to manage disruptions and learn how 

to persist.  

 These propositions provide nuance and contour to deepen understanding of what has 

become a popular concept. Supported through concrete, multi-level examples at the interface of 

drinking water systems and public health systems, the propositions may also be generalized 

widely across diverse fields. As such, scholars may investigate, what evidence can other 

domains, with different arrays of disciplinary and epistemological commitments, offer to support 

or disprove these propositions?  

 Finally, showing that systems intersect and depend on each other, this essay offers a new 

sub concept, Resilience at System Interfaces (RASI). Interfaces are where two or more systems 

may interact with each other, and future research can examine the nature of interfaces and how 
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interactions at interfaces take place. Future research can also examine types, frequencies, and 

strength of interactions and relationships facilitated at interfaces between systems. This can 

further understandings of how systems interface with each other, through what mechanisms, and 

to what ends. Beyond water systems, this line of inquiry can examine interactions from the 

vantage of different systems to understand how context and perspective affect RASI.  
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