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‘Partial functional redundancy’: an expression of household level resilience in response 

to climate risk

Abstract

This article extends ecological framings of resilience into socio-ecological and governance 

domains for urban infrastructure managers concerned with climate risk. Under moments of 

disruption, reliable and equitable access to adequate provision of public goods is anticipated to 

be increasingly challenging in cities across the world due to observed and anticipated 
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disruptions of climate change and variability on city-wide infrastructures. Many cities facing 

such conditions are seeing rapid population and infrastructure growth enhancing exposure and 

vulnerability. One such example of disruptive climate risk is enhanced water scarcity. Private 

responses to the Cape Town drought adopted off-grid water technologies in order to secure 

their own supply while curtailing their dependence on the public water system. Unintended 

consequences of the nascent off-grid capacity created by private actors precipitated system 

transformations and accommodation challenges to disrupted public systems. The novel capacity 

generated through these responses to urban risk demonstrate what is identified here to be 

‘partial functional redundancy’ - a key expression of resilience. Such response actions 

demonstrate partial and pragmatic expressions of redundancy through types of reserve capacity 

as a source of resilience in response to water insecurity.

Keywords: Resilience; reserve capacity; partial functional redundancy; Cape Town drought; 

Anthropocene



1 Introduction

Exploring what an altered Earth may entail in coming decades and how we might manage it, 

has led scholars to highlight a range of potential harms and risks facing society, two of which 

are unprecedented rainfall variability and water scarcity (Bennett et al., 2016; Steffen et al., 

2018). An idea that has been used to describe and explain these developments, as well as to 

advocate more effective responses, has been ‘resilience’, a concept that references the 

capacity of individuals and organisations to respond to disruptions without the cost of 

crippling or enduring harm (Davoudi et al., 2012). Existing approaches highlight the 

importance of redundancy as a means of realising resilience for essential goods (for example, 

Jepson et al., 2017). However, there is a dearth of empirical examples which demonstrate 

enhanced resilience under conditions of severe disruption or how it is achieved in climate 

disrupted communities or compromised across differential cohorts of increasingly unequal 

populations. A significant lacuna across these literatures is a failure to relate these analyses 

explicitly to resilience and the issue of redundancy that is central to it (Ahern, 2011).

In addition to general ideas of resilience, this article is concerned with what specific 

relevance it has for securing household level water supply under conditions of scarcity. 

Reflecting on notable off-grid responses to the Cape Town drought, this article highlights 

pursuits of redundancy as an expression of how private actors augmented their water supply 

while moderating their reliance on the public entity and its water infrastructure (Simpson, 

2019). Such pursuits have been acknowledged in general and citywide terms (for some 

examples, Enqvist and Ziervogel, 2019; Rodina, 2019) and often with focus on the 

municipalities response (Simpson et al., 2019c, 2019a). The term resilience has been used to 

describe and frame the drought response (for example, Rodina, 2019), other than anecdotal 

reports (for example, WWF, 2019), acknowledgement of resourcefulness and flexibility 

(Parks et al., 2019; Ziervogel, 2019) and a general need for augmentation and redundancy in 



public water system and its associated finance model (Simpson et al., 2019c). However, what 

private actions teach us about household level resilience has remained elusive. This article 

therefore draws attention to the characteristics of their selectively off-grid actions, in 

particular their function and partiality, and locates them within broader governance and 

distributional imperatives of resilience, both which are affected by the newly established 

islands of reserve capacity.

2 Disruption, redundancy and resilience

Citywide and utility scale institutions established in the twentieth century oversaw the 

planning, operation and establishment of centralised governance of infrastructures, 

particularly those of energy, transport and water. However, during and after major disruptions 

to their Holocene-patterned capabilities (Simpson et al., 2019a), confidence in public or 

utility scale entities to provide secure delivery for such essential goods have recently been 

questioned (Simpson, 2019).

Resilience is a contested term, yet it is a term which has seen increased interest in urban 

planning and urban water system design (Filho et al., 2011). At a minimum, resilience is the 

ability to adapt to unprecedented and unexpected changes without compromising core 

functions and outputs. Adger et al. (2013, p. 347) highlights the disruptive and contextual 

elements of resilience, suggesting it is ‘the ability of groups or communities to cope with 

external stresses and disturbances as a result of social, political, and environmental change’. 

Resilience is considered to change over time (Jones et al., 2018), and has been criticised for 

being too vague (Cretney, 2014) and a neoliberal construct (Rigg and Oven, 2015).

Redundancy exemplifies the ‘safe to fail’ notion of resilience (The Rockefeller Foundation 

and ARUP, 2016). It is achieved when multiple elements or components provide the ‘same, 

similar, or backup functions in perpetuity’ (Ahern, 2011, p. 342). Under the relatively stable 



conditions associated with the Holocene, efficiency imperatives regarded reserve or fail-safe 

redundancies superfluous and expensive (Ahern, 2011). As a consequence, resilience could 

be achieved in the Holocene with limited redundancy. However, the costs associated with the 

scale and variety of transboundary disruptions anticipated in the Anthropocene (Coaffee and 

Wood, 2006), highlight the price of insecurity when redundancies are considered to be 

unjustifiable expenses (Simpson et al., 2019a). This is particularly important under conditions 

of disruption as diversity of responses to shock is an important element of redundancy 

(Kahiluoto et al., 2014). The ecological notion of resilience includes the concept of 

‘functional redundancy’ and requires not only a ‘high diversity of functionally similar species 

but also that species within a functional group must have dissimilar responses to ecosystem 

stressors (i.e. response diversity), preventing all species within a function being lost as a 

result of a disturbance’ (Johansson et al., 2013, p. 964). Slightly different functional traits 

make some genera more or less susceptible to a given disturbance. Walker et al. (2006) 

caution however that, apart from some evidence indicating redundancy in resource 

governance, the notion and role of redundancy in social domains is unclear. If transferable to 

social domains, ecological resilience suggests the system requires a diversity of functionally 

similar components. However, the infrastructural lock-ins of monolithic/centralised 

institutions, together with their conventional approaches (Simpson et al., 2019a), are unlikely 

to provide the kind of response diversity required by severe disruption nor the modular 

capabilities off-grid technologies afford.

In both public and private domains, efficiency demands lead costs to trump redundancy for 

decision makers leading the term ‘redundant’ to attach negative connotations in management 

and business spheres where such aspects are considered unnecessary duplications. After 

twelve years of unprecedented drought in Australia, public expenditure on large desalination 

plants – a form of climate independent water supply – was highly criticised as wasteful 



spending on a redundant supply source (Giurco et al., 2014). Yet, redundancy is considered a 

critical feature of resilience for high-dependency infrastructural systems which cannot afford 

disruption, as well as a means to secure against a system’s vulnerability to cascading failures 

(Mostafavi et al., 2015).

The Cape Town case study described below illustrates how private actors responded to the 

disruption of water scarcity to enhance their supply choice parameters through creating 

household level reserve capacity in the form of boreholes, well points and water tanks, 

independent of municipal control, thereby extending private buffering margins and, in part, 

securing household level water resilience.

3 Cape Town’s polycentric nodes of ‘partial functional redundancy’

Cape Town’s drought response has become synonymous with the term water resilience, yet 

exactly how the distributional effect of the drought response has been realised in people’s 

lives has been highly contested (Enqvist and Ziervogel, 2019; Rodina, 2019; Simpson et al., 

2019b). In effort to expand and secure household level water supply, private responses to the 

Cape Town drought explored alternate sources (Simpson et al., 2019b; Ziervogel, 2019). A 

significant proportion of Cape Town’s four million residents, over 100,000 households, 

responded to secure their reserve capacity and buffer against both water scarcity and the costs 

of fines through a number of off-grid activities such as drilling boreholes, installing grey 

water systems and rainwater harvesting tanks (Simpson et al., 2019c). These actions 

supplemented a lack in the public provision of water and introduced novel, decentralised and 

private nodes of water supply into an altered water system which up until the drought had 

been the mandate of the local municipality as public utility (Simpson et al., 2019c).

Although the selected off-grid options signal resourcefulness and flexibility in supply, there 

are limits to the scalable impact of private resourcefulness in unequal societies. Spatially 



entrenched inequalities limit uptake of these capacities to nodes, which correlate closely with 

apartheid’s spatial and socio-economic legacy in Cape Town (Enqvist and Ziervogel, 2019). 

Such solutions therefore do not necessarily indicate a pathway for the broad populace, with 

the partial benefits of these wealthier households going off-grid yielding little benefit for 

those without such means other than their reduced consumption of water from the city’s 

general supply (Simpson et al., 2019b).

In this regard, these private actions did not provide the kind of ‘functional redundancy’ 

understood in socio-ecological fields where the capacity of one species ‘functionally 

compensates for the loss or incapacity of another’ (Johansson et al., 2013). In ecological 

systems, species diversity allows for variability of response to disruption and thereby the 

opportunity for functional replacement of core system actors by those that survive, should a 

species which played an important role in an ecosystem be lost. The fit-for-purpose role of 

replacement species within the ecological definition of functional redundancy is unrealistic 

and problematic in social contexts (Brand and Jax, 2007; Huck and Monstadt, 2019). 

However, in this case, the incapacity of the public entity to fulfil its water security mandate 

triggered response diversity from private actors that replaced the role of water service 

provider, previously entrusted to the municipality (Simpson et al., 2019b). Kalulito et al. 

(2014) highlight how response diversity reduces the sensitivity to disturbance and fosters the 

capacity to adapt to various future scenarios. It therefore holds potential for flexibility in 

choice of water source for these actors. Although scholars have suggested redundancy in 

social domains is vague and is potentially limited to governance (Walker et al., 2006) or 

institutional domains (Folke, 2006; Ostrom, 2009), the creation of reserve capacity is 

demonstrated here in concrete actions.

The private and gated nature of what water has been secured by private actors, what Simpson 

et al. (2019b, p. 2) call ‘climate gating’, indicates circumscribed resilience - what can be 



considered to be ‘partial functional redundancy’ and potentially more closely reflects open 

social systems. It signals a degree of replacement that is both functional (alternative supply) 

and partial. There are two inherent and intentionally overlapping connotations to the use of 

‘partial’ in this expression. It is partial in the sense that the quantity and quality supplemented 

does not necessarily equate to what was lost to the public utility-scale provider or desired by 

the general populace for purposeful replacement – expected by imperfect yet functional 

supplementation – but fulfils a role of sufficiency for the private securing actor at their scale 

of need. Secondly, water tanks are privately owned and the security they afford is therefore 

owned by those who can afford the ‘gated’ infrastructure.

Partiality reveals what is, and what is not secured in the name of resilience. This applies, as in 

the Cape Town case, particularly under conditions of central incapacity or abstemiousness to 

comprehensively secure against new ‘harmscapes’ (Berg and Shearing, 2018) – where public 

entities transfer, sometimes by choice, responsibility and risk to private entities (Brugmann, 

2012). However, if predictions of the potential harms of the Anthropocene are accurate 

(UNEP, 2013), there will be increasing need for both public and private action for resilience 

appropriate responses to disruption. If such polycentric and privileged bubbles of resilience 

emerge with increased risks in the Anthropocene (Hodson and Marvin, 2010; Simpson et al., 

2019b), it is likely that urban risk managers concerned with disaster resilience will 

increasingly need to figure out and manage which contours of such harms can be governed 

(identified, understood, managed, governed or secured) by nodes of private action and how 

they interface with the realisable coverage of public domain mandates (Berg and Shearing, 

2011; CoCT, 2019; Simpson et al., 2019b). Emerging scholarship noting these trends in 

education, security, health, energy and water sectors have proposed this emerging trend of 

overlapping coverage, between the provision of public goods by both private and public 

entities requires a ‘whole of society approach’ and will likely be at the forefront of emerging 



securities that respond to climate risk (Dubé et al., 2014; Poirier et al., 2014; Simpson et al., 

2019b). Both autonomy and diversity are resilience principles exemplified in the cascading 

uptake of water tanks in Cape Town. However, they need to be understood in light of 

complementary principles such as interdependence and coordination as well as the 

externalities of such actions. In this regard, the Cape Town Resilience Strategy (CoCT, 2019, 

p. 3) has set out to embrace a ‘whole of society’ approach as it makes significant 

accommodations to its governance and tariff structures that accommodate such off-grid 

polycentricity in household water security. This is partly due to wide recognition that an 

incoordinate response between public and private as well as intergovernmental stakeholders 

contributed towards general drought responses deficiencies (Muller, 2018).

4 Conclusion

Together with access to groundwater, water tanks provide decentralised reserve capacity 

thereby foregrounding the possibility for water resilience to be more distributed, diverse, 

redundant and self-healing than an assessment of the Cape Town water supply and 

centralised reticulation system prior to the drought may suggest (Simpson, 2019). 

Notwithstanding the potential distributional pitfalls, identifying concrete functions and the 

specifying the degree of coverage or concentration of nodes of water security, the notion of 

‘partial functional redundancy’ holds value in acknowledging the space private endeavours 

can occupy in contributing towards, or compromising, more generally distributed resilience. 

A strategy or policy that embraces ‘partial functional redundancy’ would therefore need to be 

held in tension with the imperative to ‘distribute benefits and costs equitably, [and] 

generously compensate major losers’ (Godschalk, 2003, p. 139), and improve any general 

accessibility aspects which private actions or the market may neglect (Simpson et al., 2019c). 

These responses to climate risk could signal a more permanent shift towards a dual system in 



which the rich become self-providers and more resilient within the enclaves of their secured 

good. For those mandated with planning and governing responsibilities, such as urban 

infrastructure managers and disaster planners who endeavour to manage the kinds of shocks 

anticipated in the Anthropocene, the ‘climate gating’ responses to the Cape Town drought 

illustrate the potential role private actors can play in augmenting supply. Yet the case also 

illustrates the partiality in their response diversity and the need for public actors to consider 

the distributional effects of such actions for the broader populace, particularly those most 

vulnerable. Further research needs to explore ‘partial functional redundancy’ as it emerges in 

other contexts and scales of ‘climate gating’ practices and strategies that embrace a ‘whole of 

society approach’, particularly in geographies and sectors facing immediate and severe 

climate risk such as energy or food.
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Highlights
 Public planning failed to assure water supply.
 Private actors explore alternative pathways to water security.
 Private actors pursue redundancy as an expression of resilience in drought.
 Social expressions of redundancy include partial characteristics.


