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A comprehensive framework for analyzing co-production of urban

water and sanitation services in the Global South

Co-production of water and sanitation services has become a widely discussed
option for equitable and efficient service delivery, especially for cities of the
Global South. Theoretical conceptualizations of service co-production mainly refer
to the public management and governance dimension, while the techno-
environmental and spatial dimensions are often disregarded in the literature. This
paper proposes a comprehensive framework for analyzing water and sanitation co-
production based on cross-cutting literature, from public service
management/governance to urban, socio-ecological and socio-technical fields. The
proposed framework highlights the categories and factors to be considered when

analyzing the background conditions and outcomes of unorthodox service delivery.
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Introduction

Poor access to water and sanitation remains an urgent issue in many cities of the Global
South'. Respectively more than 500 million and 1.5 billion people in urban areas of the
Global South have no access to safely managed drinking water and sanitation services
(World Health Organization [WHO]/United Nations International Children’s
Emergency Fund [UNICEF], 2015). Rapid urbanization occurring in these areas"
hampers the institutional capacity of public authorities and water utilities to organize
service delivery, especially as water demand and pollution increase very rapidly. Poor
infrastructure, high levels of non-revenue water, growing tariffs and ineffective
governance contribute to degradation of the quality of water supply and sanitation
(WSS) services, inability to upgrade the systems and consequently affect consumers’

willingness to pay (United Nations World Water Assessment Programme [WWAP],



2015).

In this context, the construction and operation of water and sanitation
infrastructure has long been undertaken by public agencies or delegated to private, for-
profit, contractors. However, as many authors argue, there is no evidence that
centralized delivery of public services is efficient or equitable (Mitlin, 2008; Ostrom,
1996). The modern ideal of standardized universal provision of WSS services through a
centralized infrastructure network may not be adequate in all Global South cities
(Coutard, 2008; Coutard & Rutherford, 2015; Fernandez-Maldonado, 2008; Furlong,
2014; Graham & Marvin, 2001; Kooy & Bakker, 2008; Moretto & Ranzato, 2017;
Jaglin, 2012; Zérah, 2008). Many governments and private companies have failed in
their provision of adequate services to the poor and in addressing the causes that
undermine individual access. Due to poor economic and planning capacities, providers
are unable to cope with increasing population, urban densification in poorest areas and
rapid sprawl of the peri-urban interface, characterized by low densities and greater
distances to the centralized networks (Allen, Davila, & Hofmann, 2006a, 2006b;
Bakker, Kooy, Shofiani & Martijn, 2008; Coutard, 2008; Dos Santos et al., 2017;
Furlong, 2014; Jaglin, 2008).

In the limited capacity of conventional networked services, many urban and
peri-urban communities of the Global South rely on localized and user-driven
arrangements for accessing water and sanitation (Coutard & Rutherford, 2015; Bakker,
2003; Furlong, 2014; Jaglin, 2012; McGranahan, 2013; Moretto & Ranzato, 2017).
Non-professional actors develop such solutions on a daily basis, individually or
collectively, with or without support from the state and public utilities (Allen, Hofmann,
Mukherjee, & Walnycki, 2017). In most of these areas, WSS services are characterized

by multiple coexisting systems complementary to the centralized network, an



“archipelago” of community-based services and/or for-profit practices of
reselling/redistribution (Allen et al., 2017; Bakker, 2003; Furlong, 2014; Kjellen, 2000),
whose extension is context specific.

In terms of equity, the failure of the ideal of WSS service universalization
through a centralized network has somehow favoured socio-spatial segregation, leading
to elite service islands or limiting the unfolding of alternative solutions (Coutard, 2008;
Coutard & Rutherford, 2015; Dill, 2010; Furlong, 2014; Pflieger & Matthieussent,
2008; Jaglin, 2008). At the same time, the consequent service fragmentation has
frequently been considered as a cause of economic, environmental and spatial injustice
among the poorest inhabitants. It has contributed to increase the cost gap for WSS
provision among inhabitants and areas (both in terms of price/unit and indirect cost for
compensatory technology supply) and to environment degradation in high-density
settlements (Andreasen & Maller-Jensen, 2016; De & Nag, 2016; Domenech, 2011;
Dos Santos et al., 2017; Furlong, 2014).

In many cities of the Global South, the need to provide services to a growing
population challenges conventional planning, management approaches and user-
provider relationships. Accordingly, greater attention to different user-provider
arrangements and the role of users in producing services has recently increased in
international and scientific communities (Joshi & Moore, 2004; McGranahan, 2013,
McMuillan, Spronk, & Caswell, 2014; Mitlin, 2008; Moretto & Ranzato, 2017; United
Nations [UN], 2016a). The concept of co-production was initially developed in public
governance and management fields. Co-production was once defined as ‘the process
through which inputs used to produce a good or service are contributed by individuals
who are not ‘in’ the same organizations. (...) Co-production implies that citizens can

play an active role in producing public goods and services of consequence to them’



(Ostrom, 1996, p. 1073). The co-production of basic services is now a recognized
approach for service delivery at the international level. Article 117 of the United
Nations Policy paper 9: Urban services and technology, prepared for the conference
Habitat III, states that ‘local governments should (...) promote co-production of basic
services with local communities, particularly in informal settlements and slums’ (UN,
20164, p. 22). Co-production increasingly appears to be a valuable alternative for
delivering water and sanitation services to the urban poor, especially because it can
improve the effectiveness and efficiency of local governments’ action (Parks et al.,
1981, p. 1001).

Notwithstanding this growing interest, the theoretical background of service co-
production is primarily drawn from the public management and governance disciplines,
which mainly explored cases of service co-production in the North. Most research on
co-production addresses the motivations behind co-production, its institutional settings
and its benefits in service management (Pestoff, Brandsen, & Verschuere, 2012; van
Eijk & Steen, 2014). By contrast, the techno-environmental dimension of co-production
is often ignored in the literature. This dimension is, however, critical to the effective co-
production of WSS services. In addition, the public management and governance
literature fails to fully acknowledge the growing interest for physical space as both an
output and a determinant of socio-political configurations evident in the social and
political sciences (Bates & Smith, 2008; Pugh, 2009). Space should be regarded as an
essential dimension of co-production, especially in the context of Global South cities
where spatial differentiations are very significant from ecological, social and political
perspectives.

In this paper, a comprehensive framework for analyzing the co-production of

WSS services is proposed. This framework takes into account the managerial, techno-



environmental and spatial dimensions of co-production. It is based on different strands
of literature, from public service management and governance to urban, socio-
ecological and socio-technical studies. It reviews theoretical studies on service co-
production, as well as multiple case studies of water and sanitation co-production taking
place in cities of the Global South. As such, it will help bridge the gap in the
conceptualization of the co-production of WSS services that exists within public
administration and management scholarships, particularly when employing the concept
in the case of urban environments of the Global South. A multidisciplinary set of factors
for the analysis of WSS service conditions and outcomes is included within the
proposed framework. Validation and limitations of the framework are discussed in the
final part of the paper by referring to the preliminary results from the application of the

framework in three cities of the Global South.

The specificity of water and sanitation service co-production: the need for a

comprehensive framework

Conceptualized in the early 1970s by Elinor Ostrom, co-production entered the debate
on service provision as an alternative to the dominant theories of urban governance in
force at the time, which mainly considered policymaking as a top-down process
(Bovaird, 2007; Nabatchi, Sancino, & Sicilia, 2017). By analysing two cases of co-
production of WSS and education in Brazil and Nigeria respectively, Ostrom
challenged the separation of the market from the state, and governments from civil
society, suggesting that citizens could themselves contribute to service provision
(Ostrom, 1996).

Co-production theories have gained renewed attention in the 21st century for a
wide range of actors, from the policy sector to academia and practice, and in both non-

profit and private spheres. As suggested by Nabatchi et al. (2017, p. 767), the



‘recognition of the multi-sectoral nature of governance’ calls for a model of service
delivery based on more horizontal and collaborative relationships. Co-production
promises much in this context, as it is characterized by both a normative value, because
it can deepen citizenship and help to promote more collaborative governance during co-
production process, and an instrumental value, because it can improve the efficiency
and quality of services as outcomes of the practice' (Nabatchi et al., 2017, p. 767).
Most studies on co-production have been within the public governance and
management domains. Although Ostrom’s seminal work on co-production moved from
two cases in the South, the majority of the following studies have referred to cases of
co-production in the North or have explored generalized aspects of co-production
without specifically considering the differences between South and North (Cepiku &
Giordano, 2014). To date, research has mainly addressed services such as health,
education and security, with a primary focus on management (Osborne & Strokosch,
2013; Pestoff et al., 2012) and facilitation of co-production through public governance
systems (Bovaird, 2007; Bovaird & Loeffler, 2012; Verschuere, Brandsen, & Pestoff,
2012). In addition, a number of papers related to alternative WSS services in the Global
South cities have been undertaken within urban studies. That research mainly focused
on relations between informal and formal systems, considering co-production as one of
the available options for involving a range of different actors in service delivery (Allen,
2013; Katsongo, 2012) or for securing citizens’ political influence (McMillan et al.,
2014; Mitlin, 2008). Many studies addressing water co-production are centred on
individual cases. They mainly emphasize individual aspects of the co-production model

without proposing a comprehensive analytical framework.



Existing research can be divided in two complementary approaches. The first
addresses the management and institutional dimension, and the second addresses the
techno-environmental dimension.

From a management and institutional perspective, it has been argued that the
participatory nature of co-production of basic services, such as water and sanitation,
contributes to the development of skills and capacities, and thereby empowers citizens
(Allen, 2013; Mitlin, 2008). Mitlin (2008) suggests that by involving groups of citizens
in civic action, co-production facilitates a creative process leading to growing social
capital and stronger horizontal relations. By reducing the distance between development
experts and communities, co-production challenges the existing state—society
relationship and increases the political capacity of the poor to claim their rights, within
appointed institutions. As an example, Moretto (2010) shows how, beyond the concrete
outcome of improved water services, co-production of WSS services allows residents of
informal areas to claim and legitimize their presence on occupied land. However, while
co-production has the capacity to incorporate informal practices and state—community
relationships in the process of services provision, it cannot be taken for granted that this
model will overcome state and market failures. It may also be subject to resource
capture by elites and to management conflicts among groups, resulting in discrimination
and exclusion of certain individuals from access to services (Ahlers, Cleaver, Rusca, &
Schwartz, 2014; McMillan et al., 2014).

From a techno-environmental perspective, in Global South cities, water supply
co-production usually includes socio-technical arrangements either decentralized (e.qg.,
community urban well, rainwater harvesting system) or hybrid (i.e. unofficial network
extensions of centralized piped water systems, possibly integrating municipal water

with new water sources and/or the use of complementary technology), which extend



proportionally to the deficiencies of the centralized system (Allen et al., 2017; Bakker,
2003; Domenech, 2011; Moretto et al., 2018). Co-production of sanitation systems
mainly involve on-site facilities (e.g., shared pit latrine and septic tank, biogas
production system) or simplified sewerage systems connected to decentralized
wastewater treatment plants (Allen, 2010; Domenech, 2011; Moretto et al., 2018;
Wilderer & Schreff, 2000).

Studies on urban WSS in the Global South (Ali, 2010; De & Nag, 2016;
Domenech, 2011; McGranahan, 2013; Opryszko, Huang, Soderlund & Shwab, 2009)
mostly associate benefits of service decentralization within its capacity to ensure users’
adaptability to contextual water stress problems and to reduce capital and distribution
costs of the infrastructure. Shortcomings are found in relation to the challenges of
guaranteeing a sustainable management of the system, maintaining service equity and
efficiency, and ensuring water and environmental standards.

The environmental and spatial questions associated with WSS co-production are
particularly relevant. WSS services convey material products as processed ‘natural
resources’ (Moretto & Ranzato, 2017) and are, therefore, the ‘key catalysts of
environmental problems’ and at the same time an ‘important key to solving them’
(Monstadt, 2009, p. 1926). A co-evolutionary dynamic between socio-spatial urban
patterns and co-production arrangements can emerge (Moretto et al., 2018). Co-
production can reinforce urban fragmentation (Cabrera, 2015) when diversification of
socio-technical infrastructures in the city fosters creation of urban service zones that are
socially and spatially unconnected between each other (Moretto et al., 2018). Co-
production can lead to environmental decay and overexploitation of natural resources
(Ranzato & Moretto, 2018) when local socio-technical infrastructures fail to consider

the circularity of the water service cycle (Moretto et al., 2018). It should be



acknowledged that co-production does not guarantee sustainability in urban WSS
service provision and cannot be considered as a ‘panacea’. It may raise social,
environmental and economic issues, which have to be evaluated against sustainable
urban service provision criteria.

A comprehensive framework is essential to address the opportunities and
challenges raised by co-production of WSS services in the cities of the Global South.
Moretto and Ranzato (2017) examined co-production of urban services from two
perspectives: firstly, with respect to the objective of guaranteeing and enhancing
accessibility to services, based on social, political, economic and governance structures;
secondly, with respect to their capacity to improve the use of the environmental
resources they convey (Moretto & Ranzato, 2017, p. 5). We build upon this preliminary
framework to provide a comprehensive understanding of the theoretical and analytical

implications of co-production of WSS services.

The actor/flow/area framework

The need to reconcile a public management and governance perspective with a techno-
environmental perspective in conceptualizing co-production of conventional services
was the starting point of the recent work of Moretto and Ranzato (2017). They
recognized that urban service co-production has environmental and spatial implications,
and therefore a comprehensive approach is needed for analyzing their sustainability, an
approach able to grasp the ‘mutual inference’ between ‘access to resource or services’
and ‘environmental and habitat-related problems’ (Robertson, 2012, p. 3 in Moretto &
Ranzato, 2017).

Political ecology proposes a theoretical platform for considering physical and

social conditions, in a specific context, and their causal relationships, all from an
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ecological perspective (Heynen, Kaika, & Swyngedouw, 2006; Robertson, 2012).
Moretto and Ranzato (2017) developed a framework for understanding conventional
services co-production (water, energy and waste) capable of addressing the physical and
social conditions of a context through a threefold conceptual perspective based on
actor/flow/area dimensions. These may be considered as defining factors for the
planning process (Moretto & Ranzato, 2017, p. 6).

Within this framework, the actor dimension refers to the variety of stakeholders
involved in alternative service delivery as well as their institutional and political
configurations. Agents involved in co-production (e.g., from users/citizens to co-
producers) can be engaged in different forms of participation (individual, collective),
and have different levels of inclusion in the decision-making process, within a wide
range of activities at various phases of the service cycle.

The flow dimension involves the organization and management of resources,
used for and produced by the service delivery process. Looking at the metabolic
transformations within the flow dimension implies an understanding of the life cycle of
the resource, from extraction to processing and waste, and the direct influence of users
on the trajectories of delivered materials (i.e., recycling, reusing, collecting and
separating).

The area dimension involves the relationship between the service delivered and
its urban/spatial context. Service accessibility and resources may be unevenly
distributed. Analysis of their distribution reveals the ways in which socio-technical
services shape, and are shaped by, the space and the territory. Detailing the area
dimension requires understanding of the service at different spatial scales, the form of

land occupation by the service recipients, and the spatial integration of the infrastructure
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with the characteristics of the territory and with related social organization
arrangements.

The actor/flow/area framework combines the managerial and techno-
environmental perspectives into a unified and coherent system through consideration of
the spatial dimension of co-production. This three-dimensional approach is key to
addressing urbanization challenges in the Global South cities. The framework
acknowledges that ecological factors affect and are affected by the co-production of
services such as water and sanitation that rely heavily on natural resources. The
framework is therefore a valuable starting point in the mapping of the various
“geographies” of WSS service co-production. However, further research is required to
define and specify the categories and factors related to these three dimensions. A deeper
understanding of the contribution of techno-environmental and spatial factors in the

framing of conventional services, such as water and sanitation, is clearly required.

Exploring the three dimensions of the actors—flow—area framework: the
complexity of water and sanitation co-production

Water and sanitation co-production can be considered as a complex system made up of
interactions between three spheres or dimensions (Figure 1): i) the managerial
dimension, which includes the relationships between users, intermediaries and
providers, ii) the techno-environmental dimension composed of the technical
infrastructures for the treatment and distribution of resources (considering their
metabolic flows), and iii) the spatial dimension, which responds to the socio-spatial
configuration of accessibility to the service, considered at overlapping geographical

scales from the household to the regional level (Monstadt, 2009).

[Figure 1 near here]
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A review of the scientific literature on theories and cases of co-production has
elicited the main elements, among these three inter-related dimensions, which
contribute to evaluation of WSS service outcomes. Our purpose in this paper is to build
a comprehensive framework that helps researchers in determining co-production cases,
in identifying potential factors to be considered for understanding WSS co-production,
and in undertaking comparative analysis. In building the structure of the framework, we
made reference to literature on case-based qualitative analysis (Miles & Huberman,
1994; Onwuegbuzie & Weinbaum, 2017; Rihoux & Lobe, 2009; Ritchie & Lewis,
2003), by hierarchically sorting the conceptual dimensions of WSS service co-
production into categories, analytical factors and their attributes.

In the first step, our literature survey considers existing studies that sought to
conceptualize the actors and the techno-environmental dimensions of service co-
production. We rely on specialized literature on public service management and
governance, which have extensively explored generalized characteristics of service co-
production, as well as on socio-ecological and socio-technical domains. Socio-
ecological principles, originally developed for analysing factors of sustainability in rural
community-based initiatives relying on common resources (Ostrom, 1990, 2009), have
been recently applied for studying social and ecological performance of decentralized or
hybrid urban services (Moretto & Ranzato, 2017; Nagendra & Ostrom, 2014; Ranzato
& Moretto, 2018). Co-produced arrangements in the urban and peri-urban South have a
socio-ecological value because they act as polycentric systems of governance,
infrastructure and related technology that share existing resources and produce new
resources to share (Foster & laione, 2019). The socio-technical perspective, which has
mostly addressed emerging alternative infrastructure innovations in the context of

growing environmental and economic concerns related to future performance of
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centralized networked systems in the North (van Vliet, 2006, 2012), has been also
applied for understanding trajectories of networked and not-networked services in the
Global South cities (Furlong, 2014; Jaglin, 2012). In such contexts, co-produced
arrangements can be considered as socio-technological innovations that tend to address
the shortcomings of centralized systems, possibly in a transitory phase. They require
users to ‘play an active role in adsorbing, coordinating, and even orchestrating the
disruption’ (Furlong, 2014, p. 143).

In the second step, we review case-based urban studies to reveal factors related
to the spatial dimension. More specifically, the literature survey addresses cases of
water and sanitation co-production in urban Asia, Africa and Latin America. The whole
reviewed studies, gathered from around 40 papers, embrace a wide range of co-
production solutions. They combine different land entitlements and access to resources,
economic dynamics and technological devices adopted at different urban scales. These
cases also reflect various local institutional frameworks and different degrees of

state/non-state actor collaborations.

Specifying the actor dimension of water and sanitation service co-production

As a ‘heterogeneous umbrella concept’ (Nabatchi et al., 2017, p. 769), co-production
has a number of definitions within the public governance and management literature.
Broadly, co-production is defined as the joint production of urban services by users and
public providers, where the former become active asset-holders (Brudney & England,
1983; Mitlin, 2008; Nabatchi et al., 2017). In general, the ‘co’ side of co-production
refers to a number of involved stakeholders: actors who are agents or representatives of
the state (defined as ‘regular producers or providers’), who deliver the service with

‘professional capacity’; and members of the civil society, or non-state actors, who
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contribute in their capacities as citizens, consumers or clients (also called the ’co-
producers’) (Nabatchi et al., 2017, p. 769).

Our conceptual framework relies on the working definition of institutionalized
co-production for urban services proposed by Joshi and Moore (2004). These authors
define institutionalized co-production as ‘the provision of public services through a
regular long-term relationship between state agencies and organized groups of citizens,
where both make substantial resource contributions’ (Joshi & Moore, 2004, p. 40).
Accordingly, co-production cannot be understood independently from the role of state
agencies. Within this definition, groups of citizens can either be formally recognized or
informally organized. The definition implies specific organizational arrangements
through which consumers are regularly engaged in the service delivery (Joshi & Moore,
2004). As such, temporary arrangements are not considered to be genuine co-
production.

Moreover, because WSS service provision can involve multiple stakeholders,
our framework will enlarge upon Joshi and Moore’s definition by referring to Bovaird
(2007, p. 847) who considers co-production as ‘the provision of services through
regular, long-term relationships between professionalized service providers (in any
sector) and service users or other members of the community, where all parties make
substantial resource contributions’. This definition includes and recognizes the role of
other kind of ‘intermediaries’: such as volunteers, community groups and NGOs, and
private actors, who frequently assume relevant roles in services provision for low-
income households (Bovaird, 2007). This is especially the case in the Global South.

Following from these two definitions, we refer to water and sanitation co-
production as the provision of WSS services through a regular long-term relationship

between state actors and lay actors where all three parties—end-users, intermediaries
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and providers—collaborate during some or all of the phases of the service delivery
cycle (i.e., planning, design, delivery and assessment). The relationship between these
three parties is the lens through which we explore the elements characterizing the actor
dimension of WSS service co-production.

Co-production can be applied to all phases of the public service delivery cycle
(Moretto & Ranzato, 2017). Different types of co-production can thereby be
distinguished according to the phase of the project in which it occurs.

‘Co-planning’ involves identification of strategies for urban service delivery that
can include participatory budgeting, co-funding and direct involvement of citizens in
the decision-making process (Bovaird, 2007; Nabatchi et al., 2017). ‘Co-design’ refers
to joint activities between users and providers related to the structuring of the services
(Bovaird & Loeffler, 2012; Nabatchi et al., 2017). ‘Co-delivery’ and ‘co-management’
concern the common provision and maintenance of the service and its infrastructure
(Nabatchi et al., 2017). An example is the construction, by community groups, of
community toilets, with technical support provided by local authorities and managed
and maintained by appointed caretakers (Tomlinson, 2015). Finally, ‘co-assessment’
refers to joint activities related to monitoring and assessment of the performance and

potential improvement of the service (Bovaird & Loeffler, 2012; Nabatchi et al., 2017).

Involvement of end-users in co-production

The scale of end-user involvement is a fundamental qualifying element of co-
production. Individuals, groups and collectives may engage in co-production,
influencing the size of the co-production activity and the distribution of benefits
(Nabatchi et al., 2017). In individual co-production, a state actor and a lay actor,

generally a client or a customer, work synergistically to deliver personal benefits for the
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latter (Brudney & England, 1983; Nabatchi et al., 2017). Drinking water can for
instance be supplied through household/compound connections from the main
distribution system, based on individual requests to the water agency and an active
contribution by the citizen, including capital (e.g., financial payments, materials and
technological devices) and in-kind (i.e., time and work-force) contributions (Moretto &
Ranzato, 2017). In group co-production, state actors collaborate with a certain group of
lay actors with common goals, as in the case of a group of citizens operating and
managing a shared water tap or toilet, co-funded by the local authority (Allen et al.,
2017; Moretto et al., 2018). Even if this type of co-production activity leads to personal
benefits, it usually also generates ‘spillover effects’ and social benefits (Nabatchi et al.,
2017, p. 770). In collective co-production, defined as ‘the joint action of citizens to
support public services and achieve outcomes’ (Bovaird, Stoker, Jones, Loeffler, &
Pinilla Roncancio, 2016, p. 51), the benefits are enjoyed on a broader communal scale,
even if several dynamics may impede their equal distribution (Nabatchi et al., 2017, p.
770). For instance, neighbourhood water networks or decentralized wastewater
treatments are usually operated and managed by Water User Associations or private
contractors following a market logic (Ali, 2010; Moretto et al., 2018). Public-
community and public-private-community partnerships are not exempt from the risk to
be unsustainable or unequal, as they place a strong role in the economic and managerial
skills and interests of the intermediaries (Dos Santos et al., 2017).

Many studies (Cabrera, 2015; Nabatchi et al., 2017; Ostrom, 2009; van Vliet,
2006) have demonstrated that the role and number of users are crucial factors for the
development of co-production practices. Users may be engaged in WSS services in
multiple roles (Nabatchi et al., 2017, p. 769): citizen (a community member who takes

individual and/or collective action to serve social or environmental goals); client (a
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legitimate recipient of services who is ‘not required to directly pay the provider’);
customer (“a recipient of public services required to directly pay the provider’). Co-
providers are users (citizens, client or customers), usually excluded from large technical
systems, who participate actively in any of the phases of the service cycle (van Vliet,
2006). In Global South cities, active participation in WSS co-production usually takes
place in the funding, operation and management phases of the delivery process, even if
there are cases of early involvement of citizens in the planning of the service (Moretto
etal., 2018).

The group size has an impact on the costs of co-production, because the larger
the group is, the higher the costs related to self-organization and decision-making
processes are (Ostrom, 2009). Larger groups are generally characterized by a
‘heterogeneity of interests’, which makes the negotiation and organization processes
more difficult (Ostrom, 1990, p. 146). However, if the management of a service system
is very costly, such as in the case of large water and sanitation networks, a consistent
number of users can be better mobilized to deliver the labour and resources needed
(Ostrom, 2009).

Ostrom (2009) also stressed that norms and social capital, as well as user
motivation/willingness, are important factors to be considered when characterizing co-
production. Socio-economic capacity and availability of time affect users’ possibility to
participate in co-produced initiatives (van Eijk & Steen, 2014). Among users of
resource systems, mutual trust and shared values originating from existing forms of
collaboration can imply lower transaction costs in community-based service provision
(Ostrom, 2009, p. 421).

Willingness to participate can descend from individual or pro-social motivations

(van Eijk & Steen, 2014). In the areas not connected to the centralized network, co-
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production may represent the only available solution to access WSS services. In such
contexts, motivation to co-produce can simply originate from the individual inhabitants’
necessity to satisfy a basic need in the easiest way and shortest time, whatever may be
the associated operational costs. Moreover, through appropriate policies and incentives,
citizens can be encouraged to devote more time to collective co-production of services
(van Eijk & Steen, 2014). In some cases (Anderies, Janssen & Ostrom, 2004; Winayanti
& Lang, 2004), communities have been incentivized to develop community services (in
water, sanitation and drainage) and to improve their settlements. These incentives
included the granting of legal housing titles (Winayanti & Lang, 2004), subsidised
tariffs or involvement in the election of public infrastructure providers (Anderies et al.,
2004). The use of such mechanisms might increase participation, prevent free-riding on
infrastructure and improve maintenance, thus reducing barriers to successful co-

production (Anderies et al., 2004).

A rich landscape of intermediaries

Service provision in the Global South follows many paths and includes a variety of
intermediary actors in different phases of the delivery cycle, as highlighted in many
studies (Allen et al., 2006a, 2006b, 2017; Cabrera, 2015; Verschuere et al., 2012;
Moretto & Ranzato, 2017). Within co-production practices, intermediaries vary in terms
of the body in charge and the type of cooperation with state actors.

The private sector can involve diverse actors: large formal companies, medium-
sized municipal water firms or informal local vendors (Allen et al., 2006b). The
community sector is also characterized by a variety of intermediary actors. A common
example, in the Global South cities, is community associations (e.g., Water User

Associations, Water Committees) that collaborate in managing water points, improving
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connections and fixing damage to water, sanitation and drainage services (Cabrera,
2015; Joshi & Moore, 2004; Moretto et al., 2018). These informal or semi-formal
providers often become the principle actors responsible for neighbourhood water and
sanitation provision (Allen et al., 2017; Cabrera, 2015). Semi-professional civil society
organizations, such as third sector or for-profit organizations working with
communities, can also be involved as ‘mediators’ in the service cycle (Verschuere et al,
2012; Moretto & Ranzato, 2017). That represents the most widespread arrangement in
the case of sanitation co-production.

The landscape of community intermediaries is characterized by different degrees
of institutionalization. It includes both structured schemes and informal schemes.
Formal structured schemes can be authorized by the public sector under a formal
regulatory framework and/or assisted by NGOs. In case of water supply from a co-
produced system, the need to support administrative, management and technical
maintenance activities of the ‘intermediary body’ often makes the direct costs sustained
by users for accessing the service — which include the cost for water unit, inscription
fees and the cost of materials for in-house connection — higher than the costs for water
unit sustained by the users of the centralized service. The quality of the service
standards is often an essential condition for the acceptability of co-produced services,
especially when other water supply options are available in the area (Allen et al., 2017,
Moretto et al., 2018). In the case of the introduction of decentralized sanitation system
in areas not previously served by sewerage, the operational and financial capacity of an
intermediary is directly proportional to the mobilization of users, namely their
perception of the importance of this service and their desire to contribute. To that end,
public authorities and NGOs mostly operate by raising awareness of the inhabitants

about health issues and providing subsidies to users, such as preferential tariffs for
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desludging or for in-house connections (Ali, 2010; Parkinson & Tayler, 2003). Informal
schemes are characterized by self-provision activities developed by communities,
without any formal status or agreement with the government and local authorities (Allen
et al., 2006b). In those cases, water and drainage services, rarely sanitation, are
generally provided through community mutual help relationships (Allen et al., 2006a,
2006b; Joshi & Moore, 2004). The private sector is similarly heterogeneous in its
institutionalization, including, for example, private informal or licensed water vendors
(Allen et al., 2006a; Cabrera, 2015) and small companies authorized to perform

desludging service or install septic tanks (Schramm, 2011).

The role and organization of regular service providers

Providers can be centralized state authorities or decentralized agencies, delegating tasks
(i.e., operation and maintenance) at the local level (Allen et al., 2006a, 2006b; Joshi &
Moore, 2004; Schramm, 2011). If service operation and maintenance can be assigned to
specific public or private agencies, the state usually retains the main role for policing
and monitoring (Allen et al., 2006b).

Co-production usually occupies the spaces left open by the deficiencies of the
centralized system. In water supply, decentralized service co-production can be a
pragmatic strategy to guarantying access to water to inhabitants of poorly served areas
or to ensuring service in new urban areas. Co-production can therefore comply with a
pro-poor approach aimed at fostering participation and citizen engagement or with a
commodification policy aimed at reducing state expenditure while promoting market-
based solutions (Jaglin, 2012; Moretto et al., 2018). Service fragmentation can lead to
higher direct costs for users than the ones of centralized system (e.g., higher water

price/unit, connection cost). Still it has to be stressed that centralized system may lead
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to substantial indirect costs when they are not efficient in terms of sufficient water
quantity and quality, frequency and pressure (Ali, 2010; Domenech, 2011; Opryszko,
Huang, Soderlund & Shwab, 2009). These costs include the provision of
complementary technology for in-house storage (e.g., underground and/or roof tanks),
filtering, pumping and distribution (e.g., filters, booster pumps and tertiary pipes), and
eventually the surplus costs for purchasing water from private vendors (e.g. bottled
water and/or water from trucks), usually more expensive than municipal water. With
respect to sanitation, ensuring public health, environmental protection and service
reliability is still making provision of centralized sewerage and wastewater treatment
the preferred strategy for infrastructure development in urban areas, as it is generally
more effective to treat and monitor effluents from a single generating point than
multiple ones. However, developing large-scale centralized systems, in growing cities
partially covered or almost lacking sewerage, requires planning capacities and large
capital investments that are not readily available in such contexts (Domenech, 2011,
Massoud, Tarhini & Nasr, 2009; Sapkota et al., 2015). Service decentralization may
therefore represent a viable option for sanitation, especially in peri-urban areas or
neighbourhoods with a high dense urban morphology, although open questions
regarding sustainability of decentralized systems remain (Parkinson & Tayler, 2003).
Main challenges are the uncertainty about long-term performance and operation and
maintenance costs, the capacity of simple facilities (i.e. septic tank, ponds) to ensure
standard purification and hygiene levels, the difficulty to perform professional
management of on-site complex technologies, as well as the significant areas of land
needed for installing decentralized treatment plants (Massoud et al., 2009; Parkinson &

Tayler, 2003; Sapkota et al., 2015; Wilderer & Schreff, 2000).
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Service providers can be a composite of different responsible agencies. WSS
services can be delivered directly by the public sector, through national agencies
established for that purpose. They can also be delegated, through a variety of
mechanisms, to other institutions. Different institutional architectures and public—
private organizational arrangements can be present at the city level. This may result in
fragmentation of the service (Lorrain, 2000; Parkinson & Tayler, 2003), multiple scales
of complexity of infrastructure (Allen et al., 2006b) and different power dynamics for
safeguarding private interests (Ahlers et al., 2014). Involvement of the private sector in
regular water service provision is usually argued on the basis of efficiency and
effectiveness, with limited consideration of social equity and environmental
sustainability (Allen et al., 2006b). In sanitation, the need of high technical and
managerial skills for operating decentralized wastewater treatment system, often implies

the involvement of private operators in co-production.

Mediating the service flow through resource and technology

Moretto and Ranzato (2017) argued that resources and technologies represent
primary categories to be considered when analyzing the co-production of water and
sanitation services. Studies that have analyzed techno-environmental aspects of
conventional service co-production have adopted either a socio-ecological or a socio-
technical perspective. These are expressed through two existing conceptual frameworks
proposed, respectively, by Anderies et al. (2004) based on Ostrom (1990), and by Yu,
Farrelly and Brown (2011) and Yu, Brown and Morison (2012) based on van Vliet,
Chappels and Shove (2005) and van Vliet (2006, 2012).

The socio-ecological perspective considers conventional services as complex

systems whose functioning and quality rely on their ecological characteristics, the
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infrastructure solutions employed and the policies and institutions which regulate the
management of the territory and related resources (Anderies et al., 2004; Ostrom, 2009).

The conceptual framework developed by Anderies et al. (2004) explains how the
characteristics of the resource system, the resource units generated by it, the attributes
of the system’s users and its governance structure work together to achieve particular
outcomes at any time and place. Their framework conceptualizes a socio-ecological
system as being composed of four elements: the resource, the resource user, the public
infrastructure providers and the public infrastructure. This helps bring together physical
and social capitals in a single approach (e.g., engineered works and
governing/managing rules). These elements are influenced by external forces (e.g.,
environmental resource hazards and major political changes), while being intrinsically
linked through multiple internal dynamics.

The interrelations between resource users and public infrastructure providers are
multiple. In simple systems, the actors may overlap when, for example, resource users
form a small group with common interests, operating as both users and infrastructure
provider. Complex systems may involve a more structured organization of actors
managing the ecosystem at multiple levels (Anderies et al., 2004). The relationship
between the resource users and infrastructure providers underpins co-production
arrangements and its form may determine the sustainability of a socio-ecological
system.

Studies developed in the field of socio-technical services (Hegger & van Vliet,
2010; van Vliet et al., 2005; van Vliet, 2006, 2012) have mainly focused on
understanding technology—behaviour interactions and the role of social actors and
citizen-consumers. From a socio-technical perspective, utility services—such as water,

waste and electricity—are conceptualized as technological systems linking natural
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resources, providers and consumers. They can assume different configurations: from
centralized service provision, where the resource is provided (through a specific
technology) by a monopolistic institution/company to citizen-consumers, to a splintered
provision system where multiple resources can be associated with different providers
using standard and new technologies (van Vliet, 2006; 2012). Van Vliet (2006, 2012)
stresses that the sustainability of such innovative service provision implies a
differentiation not only of resources, providers and technologies but also of consumer
functions, thus recognizing the active role of citizens involved in the daily consumption
of the service. Co-production practices are therefore conceptualized as social practices
that change the relationship between consumers and providers by modifying the socio-
technical and environmental dynamics of the services. Yu et al. (2011, 2012) first
applied this conceptualization, as a framework for service co-production, to the design
of governance arrangements for decentralized storm water systems in Australia. Figure
2 describes the socio-technical framework (Yu et al., 2012, adapted from van Vliet et

al., 2005).

[Figure 2 near here]

The framework describes relationships between elements within a socio-
technical system. Effective user involvement in decentralized water service provision
requires context-specific solutions that can be obtained through ‘mixes of scales,
technologies, payments systems and cultural and institutional structures that are both
economically and environmentally sustainable’ (Hegger & van Vliet, 2010 in Yu et al.,
2012, p. 2734). The framework highlights how ‘the use of alternative sources of water
and diverse scales of infrastructure is linking end-users more closely with providers,

with the small-scale technology and the water resource’ (Yu et al., 2012, p. 2733).
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In this view, the design and governance of co-production is dependent upon the
nature of the different providers (both traditional and new) and forms of provision and
their links with the multiple ways of involvement of users in the co-production of the
same good or service (from citizen to co-provider). An effective ‘mix’ and/or ‘fit” of
water production options implies ‘the use of diverse resources and/or qualities of water’,
and—in turn—the combination of various technologies applied at different scales.
Technology can assume different physical (e.g., type and connection of devices) and
social (e.g., the actors and their expertise) structures and is conceived as a mediator that
connects all elements at the functional and the behavioural levels (Yu et al., 2012, p.

2734).

Characterizing the resources

Both frameworks—the one proposed by Anderies et al. (2004) and the one proposed by
Yu et al. (2012)—recognize resource availability as a fundamental element that shapes
(and is impacted by) governance arrangements and infrastructural services. The
characteristics of the resource system influence the relationships among actors and
therefore the possible co-production arrangements. On the other hand, the co-production
of WSS services impacts the manner in which resources are processed and ecological
systems are preserved.

Yu et al. (2011) highlight the ‘diversity’ and ‘quality’ of resources as relevant
factors for characterizing the environmental dynamics of co-produced services. WSS
service co-production can employ different types of resources, such as surface water,
groundwater, rainwater and household wastewater (Allen et al., 2017; Button, 2017,
Pilo’, 2017). Types of available resource are context-specific and affect local solutions

for co-production. As an example, higher groundwater table in urban areas can facilitate
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the use of urban wells as the main technology for co-produced arrangements.
Conversely, pollution of shallow aquifers in high density areas lacking sewerage system
is a considerable concern for the sustainability of such wells (Moretto et al., 2018).
Regarding the ‘quality’ of the resource, the authors refer to the availability and
the qualitative features of the resource as channelled by co-production. Water quality,
the physical-chemical and biological characteristics of water, depend on multi-scale
natural and anthropogenic drivers that determine the various pressures on the resource
(e.g., increasing population and urban density; pollution from domestic, industrial and
agricultural activities; groundwater salinization; and technological devices employed in
the water and sanitation service) (Allen et al., 2017; Falkenmark, 1997). The quantity of
water available in a specific area similarly depends on anthropogenic and natural
drivers, from local to urban and hydrogeological basin scales (e.g., urban sprawil,
growing water demand, soil waterproofing, climate profiles) (Falkenmark, 1997;
Milman & Short, 2008). When co-produced services do not ensure adequate standards
of water quality and quantity, it can drive users to fulfil some of their water demands
through more expensive supply modalities (such as purchasing bottled water).
Co-production can operate at different scales of the urban water cycle. In
decentralized systems, such as urban wells or on-site wastewater treatment, most
resources delivered in co-produced systems can be considered ‘local’ as they are usually
extracted, channelled, used and disposed in the proximity of production points. Such a
short-flow cycle can provide benefits to inhabitants in terms of service flexibility and
enhanced water security due to reduced dependence on shortcomings of external
infrastructures (Marlow, Moglia, Cook & Beale, 2013; Moretto & Ranzato, 2017).
However, the risk to fail in sustainably closing local water cycle due to poor wastewater

treatment and lack of control, can strongly jeopardize the relevance of previous benefits
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(Moretto et al., 2018). In co-produced systems connected to the centralized network,
such as co-managed secondary water and sewer networks, co-production can entail the
direct involvement of users within the urban flow circulatory processes, by collecting,
reusing or recycling the water or the wastewater channelled by the service (Moretto &
Ranzato, 2017). Such a closed loop can generate benefits to the city’s overall
metabolism (Allen et al., 2017; Button, 2017; Pilo’, 2017), although the usual imbalance
between low provision of sanitation facilities and increasing provision of water sharps
the risk of environmental contamination and public health problems at the urban level
(Parkinson & Tayler, 2003). In addition, co-produced services can contribute to, and be
affected by hazard phenomena occurring at the local and drainage/hydrogeological
basin scale, such as reducing the quality and quantity of surface and ground water due
to untreated disposal, uncontrolled groundwater extraction, or flooding (Allen et al.,
2017; Moretto et al., 2018). The multi-scalar nature of water resource and the
interconnectedness of service components therefore makes the level of operation of co-
production into the urban water cycle, a relevant element for assessing the sustainability
of the practice.

With respect to the relationships between the actor/governance arrangements
and the ecological/environmental dynamics of services, the framework of Anderies et
al. (2004) suggests mechanisms through which institutions and policies, mediated by
socio-ecological factors, can generate incentives that enhance a community’s ability to
solve problems related to the lack of service provision. Similarly, Moretto and Ranzato
(2017) argue that the implementation of specific environmental programmes or policies
can directly support the development of co-produced services as a strategic action with
the specific aim of managing and preserving natural and water resources (see for

instance Button, 2017; Pilo’, 2017), introducing regulation and control mechanisms of
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on-site wastewater discharges (Massoud et al., 2009; Parkinson & Tayler, 2003), or
regulating resource consumption (see for instance Pilo’, 2017; Becker, Naumann, &
Moss, 2017).

Finally, direct involvement in the service provision can foster a closer relation
between recipients and resource. In rural areas, user knowledge of the resource is an
important factor for the sustainability of community-based initiatives (Anderies et al.,
2004; Ostrom, 2009). In fact, in many cases of water and sanitation co-production, users
can develop relevant ecological knowledge by directly managing/using the resources
that sustain their livelihoods (Ostrom, 2009). With reference to urban contexts, still
various studies highlighted how recipients’ awareness of the resource quality and of the
service dynamics has been an important element in technological development of the
co-produced system. It is specially the case of Water User Associations that need to
prioritize their investment for the improvements of their secondary networks (Allen et

al., 2017; Kyessi, 2005; Moretto & Ranzato, 2017; Moretto et al., 2018).

Technological elements of co-production

The framework developed by Yu et al. (2012) specifically integrates a technological
dimension into the understanding of co-production in the use of natural resources. It
does so by highlighting the role of technology as a mediator between different
institutional configurations of users/providers and different resources mobilized in the
service. It suggests that the conceptualization of WSS service co-production should
include an understanding of how existing resources and technologies mediate the
definition of user/provider arrangements and how, conversely, institution and user
preferences, involvement and role influence the scale and nature of the technologies

adopted for processing natural resources. Consequently, the scale, complexity and
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connectedness of the technology are important factors to be considered for charactering
co-production.

The scale of a technology refers to the extent of the physical artefacts involved
in the service. It is generally considered as an intrinsic factor of decentralized and
hybrid water systems. Service co-production may occur at different scales: from the
primary level (e.g., the household) up to more collective levels (e.g., the block or the
settlement) (Moretto & Ranzato, 2017, p. 7). This has consequences for the technical
options, which can range from an on-site technological system serving single
households (such as a rainwater tank, shared pit latrine), community devices serving a
street or a block (such as community well, condominium septic tank or water tank, co-
managed secondary water network, community fountain connected to centralized
network, neighbourhood drainage system), up to district technological systems serving a
settlement or multiple areas of the city (such as drainage facility, simplified sewage
system, decentralized wastewater treatment) (Warnken, Johnston, & Guilding, 2009;
Moretto et al., 2018; Yu et al., 2011, 2012).

The complexity of a system is related to the kind of technology used in the
service delivery as well as the governance system required to manage it. Technical
complexity here refers to ‘the level of expertise, the number of actors and/or the size of
an organization needed to run it’ (Yu et al., 2011, p. 12). Different system scales may
imply more complex technical devices and consequent changes in the respective roles
of users, intermediaries and providers. Van Vliet et al. (2005) suggest that the size of an
organization depends on the scale of the technology. Systems with higher technical
complexity usually require larger organizational support, but an inverse relationship is

also possible (Yu et al., 2011).
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Connectedness relates to the structure of the technology: both its physical
decentralization and its management within a larger socio-technical infrastructure (van
Vliet et al., 2005; Yu et al., 2011). Technologies can function as separated stand-alone
systems (e.g., community wells, shared pit latrine) or as grid-connected systems that
combine with larger infrastructures (e.g., community-based network extensions of
centralized piped water systems, local storm water facilities connected to the primary
drainage system) (Yu et al., 2011). The structure of the technology can be determined
by the ‘architecture’ of the socio-technological system, distinguishing between
distributive systems (‘flow from a central node to the user’, such as with water) and
accumulative systems (‘flow from the user to a central node’, such as with
sanitation/waste and, again, water) (Frantzeskaki & Loorbach, 2010, p.1295).

The infrastructure portfolio represents another factor to be considered when
looking at the environmental and spatial dimensions of co-production practice. It refers
to the taxonomy of devices employed in the different stages of the service provision,
from resource extraction to treatment, delivery, maintenance and disposal. Technologies
mobilized in co-production can emerge as separate systems, through mechanisms of
hybridization or by reconfiguration of the conventional networked system (Geels, 2002;
Monstadt & Schramm, 2013; Moretto & Ranzato, 2017). They can contribute to
amelioration of the current conventional system or introduce a further level of
complexity in the network (Allen et al., 2017; Moretto & Ranzato, 2017; Jaglin, 2012).
Still complexification of the technological systems can increase management
challenges, especially in the case of introduction of new decentralized wastewater
treatments (Sapkota et al., 2015; Wilderer & Schreff, 2000). Available technology for

co-production strictly depends on contextual characteristics, such as the urban
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morphology, the distance and/or connection to the centralized networks, as well as the

cost of devices and the technical skill of the involved actors (Moretto et al., 2018).

The spatial dimension of co-production

In addition to the actors and the techno-environmental dimensions, the spatial
dimension is the focus of much of the case study literature on co-production practices in
the Global South cities. Practice-oriented research is mainly location-based. It usually
highlights the role of local factors—actors, resources, practices, representations—in
shaping the range of co-production options. Such an approach finds its roots in path-
dependence analysis. According to this approach, technologies adopted in the past
influence the choice of methods, designs and practices in the present (Walker, 2000).
Hence, a close reading of local history, and influencing factors, may help understanding
of the later adoption of specific technologies. Analysis of the role of place-based
conditions and culture can, therefore, provide better understanding of the governance
and techno-environmental arrangements adopted in contemporary co-production

practices.

The quality of the service as a question of spatial justice

A number of studies on WSS service co-production in the Global South cities have
highlighted the spatially distributed nature of the quality of the service (Allen et al.,
2006b; Jaglin, 2012; Schramm, 2011). In particular, the accessibility, satisfaction of
coverage and regularity are important factors when characterizing the spatial
dimensions of co-production and for explaining its patterns of development.

The spatial accessibility of WSS services can be disaggregated along two main
physical attributes: the distance between users and the water source in the
neighbourhood and the density of users (Allen et al., 2006b). In successful cases of
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service co-production, communities were asked to participate in the planning of
communal facilities and to identify their locations within the neighbourhood.
Maintenance, for example, was enhanced when the responsible person lived close to the
service site (Burra, Patel, & Kerr, 2003). Economic accessibility is another relevant
driver of co-produced arrangements. When co-production of water and/or sanitation
facilities takes place, the costs for using, operating and maintaining the services may be
more or less competitive than under regular providers (agency, utility) or private
vendors (Ali & Stevens, 2009; Burra et al., 2003; Moretto et al., 2018). It is therefore
relevant to compare water and sanitation expenditures between different areas of the
city and to compare these expenditures with dwellers incomes and other charges.

Access to water and sanitation services differs in areas located within the same
city (Schramm, 2011) according to their location and status (urban, peri-urban, rural),
their socio-economic profile and main use. Economic accessibility to water is in many
cases highly related to location factors and is a spatial justice issue. Some authors
(Jaglin, 2002; Mitlin, 2008) argue that co-production may be regarded as a ‘coping’
mechanism, selectively developed in deprived areas of the city with low or non-existent
public network coverage: a ‘network for the poor’ solution. On the other hand, co-
production may be viewed as a means to reclaim a right for the city dwellers, in those
areas that are not covered by basic services.

In the same vein, the prevalence of waterborne diseases is associated with the
quality and accessibility of water and sanitation services (e.g., the common example of
disease occurrence in high-density urban areas where pit-latrines are provided near the
wells used for water supply). Co-production can be effective in addressing water-
associated public health risks, as it implies direct control of the inhabitants over the

quality of the resource, its spatial distribution, the use of diverse sources and the need
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for varied technologies at different scales (Yu et al., 2011; 2012). However, the quality
of water distributed by co-production services is not usually monitored nor considered
as a ‘public responsibility’, which adds to health risks in those areas covered by co-
production.

Understanding whether coverage and regularity can be considered satisfactory
requires determination of whether the co-produced service is equally distributed, and if
certain social groups, especially the most vulnerable, are getting less benefit (Allen et
al., 2006b; Cabrera, 2015; Moretto et al., 2018). Different typologies of water use (for
drinking, domestic, agricultural or industrial purposes) can influence levels of both
demand and supply, thus determining satisfaction with the service coverage and
regularity (Milman & Short, 2008). The level of community satisfaction with
conventional forms of service provision, if they exist, may be a driver for development
of alternative co-produced options or ‘duplication’ of conventional services.

All these elements of the category ‘service’ are related to the quality of the
resource flow aspect of co-production practices. Together they identify the crucial

spatial dimensions of water and sanitation services.

Land and settlement rights: the hidden side of water and sanitation co-production

The spatial pattern of human settlements, together with cultural and social factors, is
important for understanding the drivers of co-production arrangements in relation to
environmental and ecological processes.

Land tenure, land use and environmental risks are elements that have emerged in
many studies as key to understanding co-production practices. Regulatory frameworks
guiding urban planning can influence access to WSS for the poorest inhabitants, as a

settlement identified as not-regular can be denied connection to the legal service supply
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(Allen et al., 2006b, p. 40). As suggested by Allen et al. (2017, p. 35), formally
recognized settlements, often through intermediary bodies, have more secure ‘access to
municipal resources ... to develop their own WSS services’, while ‘informal settlements
have to manage co-production with their own resources’ or through the support of local
associations, NGOs’ or private for-profit groups. Moreover, perception of security of
tenure is fundamental in fostering community investment to improve the infrastructure,
services and housing of their settlements (Winayanti & Lang, 2004).

In cities of the Global South, access to land is a pressing concern. Lack of
financially available land and housing for the low-income households favour
development of slums and informal areas, which are not always recognized by
governments and not served by centralized services (UN, 2016b). In this context of
unequal urban growth, acute competition for land and pressure from speculators often
results in conflict, eviction and resettlement of the poorest communities. In this
situation, obtaining legal authority to build infrastructure may be difficult (Bakker,
2003). Institutionalized co-production might hence be hindered in such areas.

Densely populated urban areas are often exposed to multiple hazards that mainly
affect the urban poor, who are often settled in areas at risk. As highlighted by Winayanti
and Lang (2004), co-production of WSS services has been triggered by mechanisms of
community solidarity and self-organization, developed in response to natural hazards.

Finally, the ‘settlement’ category within the co-production framework can be
understood by analysis of urban morphology, especially when one considers path
dependence. Urban morphology (plot, street, constructed space, open space) shapes the
choices and typologies of WSS service infrastructure solutions (Schramm, 2011). High-
density neighbourhoods, defined by narrow streets and lack of public space, limit the

potential to extended sanitary networks to the household level and therefore may lead to
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the development of clusters of communal toilet blocks as the only feasible solution
(Yatmo & Atmodiwirjo, 2012). Density and housing typologies should be also
considered determinants of water and sanitation co-production as they influence the
technological systems and devices that can be employed (Schramm, 2011).

The location of the settlement and its topographic features, including proximity
to the official centralized network, also influences the accessibility and quality of the
resources and the choice of technology to deploy. Along with lack of economic
resources, physical conditions (i.e., environmental risk, high altitude, unsuitable
settlement morphology, proximity to industrial sites, soil-contamination or large
distance to the resource) can contribute to unfeasibility in constructing, operating or
maintaining water and sanitation networks. In these cases, communities have to rely on
alternative, decentralized solutions, which can be more expensive; as, for example,
when the water must be purchased from vendors (Allen et al., 2017).

Finally, the history of the settlement provides information about the level of
consolidation of the settlement and related infrastructure. This history may contribute to
the robustness and solidarity of relationships between community members. As
discussed, technologies and arrangements adopted in co-production services may be
framed by previous solutions. For instance, water irrigation networks may have once
influenced the network of streets, and this, in turn may determine the distribution of

small-scale water networks in the urban settlement (Cabrera, 2015).

[Table 1 near here]

A preliminary application of the framework

By simultaneously considering the institutional, techno-environmental and spatial

dimensions of co-production, the proposed framework highlights the many elements to

36



be taken into account when analyzing unorthodox forms of service delivery—such as
WSS service co-production (Table 1). In this regard, the framework provides a
guideline listing multidisciplinary categories, factors and attributes related to WSS
service co-production that can be employed in data collection, treatment and assessment
methodologies. However, validity and conceptual robustness of the framework should
be tested through multiple case study applications in Global South cities.

A first tentative application of the presented framework was performed to map
WSS co-production practices in the cities of Addis Ababa (Ethiopia), Hanoi (Vietnam)
and Cochabamba (Bolivia), as a part of an ongoing research project. These cities exhibit
a fragmented landscape of water and sanitation services, which characterizes a rapidly
urbanizing environment. The framework revealed itself useful for describing the
multiple configurations of WSS co-production and their institutional, physical and
spatial characteristics (Tables 2, 3, & 4), emerging in different urban and peri-urban
typologies — from slums (kebele housing typology) in Addis Ababa, to Soviet Collective
Blocks in Hanoi and basic territorial organizations in Cochabamba. Data were collected
through documentation, surveys and semi-structured interviews conducted by the

authors between 2016 and 2019.

[Table 2, Table 3 and Table 4 near here]

The tentative application demonstrated the capacity of the framework to open up
for an integrated understanding of the trajectories of WSS co-production practices in
relation to multiple institutional, urban and techno-environmental conditions in the three
urban typologies. The descriptive nature of the framework allows adopting a non-
normative perspective when looking at different cases of WSS co-production. Through
embracing the proposed comprehensive approach, comparative analysis can facilitate

the formulation or test of research hypotheses on WSS co-production, by exploring
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relationships between factors and by examining differences and convergences between
multiple cases of WSS co-production.

Several relationships between the Actor-Flow-Area dimensions of WSS co-
production emerge from its first application in the three case studies. In urban areas,
such as the ones in Addis Ababa and Hanoi, WSS co-production appears as a transitory
practice based on a process of adaptation to the shortcomings of the centralized system.
This dynamic differs according to the specific type of area, the technical complexity, the
user’s motivations and their socio-economic capacity. In areas with higher risks of
social/technical exclusion, such as in Addis Ababa’s slums, co-production develops
from the motivation to satisfy individual basic needs at the lowest cost. Co-production
may be very basic in these places, involving simple connected (water) or separated
(sanitation) infrastructure configurations, shared by small groups of inhabitants. In
collective areas like Hanoi Soviet Blocks, co-production arises from the individual need
to fill the gap in accessing the centralized network through simple complementary low-
tech devices (water tanks) or as a part of a successive process of spatial and social
consolidation, mainly guided by the state (sanitation).

In both areas, a low-tech water service co-production is developing in the last
phase of the service cycle (operation and maintenance). It is associated with a
centralized form of government of the infrastructure and formally institutionalized
public-community intermediaries. New urban development implying a more water-
demanding infrastructure (e.g., from poor-flush to normal-flush), changing
neighborhood inhabitants (e.g., densification, increasing in renting, resettlement
process, different socio-economic characteristics) and environmental constrains may

easily lead to break the ties of group co-production. In such areas, a transition from
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group to individual co-production may emerge as a recurrent dynamic, especially in
water supply.

In peripheral areas not connected to the centralized network, such as peri-urban
OTBs in Cochabamba, co-production emerges during the mere creation of the
neighborhood. In these conditions, the urban morphology, the technological complexity,
the social capital and the system of governance of the co-produced practice are closely
interwoven. Low urban density and the need to ensure a service from scratch favors
forms of users’ self-organization, characterized by pro-social motivation and strong
community links. If successful, co-production may therefore follow a process of
subsequent recognition by the state, a bottom-up institutionalization where the
intermediaries demonstrate a close relation with users. A directly proportional
relationship between social capital and technological complexity can take shape in this
perspective. Unlike the other two cases, the co-production configuration in Cochabamba
is associated with a good user’s knowledge of the ‘qualities’ of resource. As in many
cases of community-based initiatives in rural areas, user’s learning process appears in
the need to introduce collective control mechanisms to cope with a declining quantity of
underground water.

In all cases, future sustainability of water supply co-production is related with
resource boundary conditions that may change in terms of quantity (surface and ground
water in Addis, groundwater in Cochabamba) and quality (water contamination in
Hanoi) along with the urbanization processes, thus influencing regularity and
satisfaction of coverage of the centralized service sustaining grid-connected systems,
and the ‘local’ resource in case of decentralized ones. Such changes imply the need for
users to define adaptive strategies that can emerge at different technological scales

(households, community), with the enlargement of the infrastructure portfolio (e.g.,
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purchase of water tanks and/or filters) or with the introduction of regulatory norms.
Hence, the material properties of water (quantity, quality) directly affect the type of
social relationship and the technical system employed in co-production, sometimes
contributing to reinforcing co-production arrangements (as in the case of Cochabamba),
sometimes limiting them (as in the case of Addis Ababa and Hanoi). In the case of
decentralized systems and forms of infrastructure management, technological
integration can occur following regulations on the use of the resource that are shared by
users. In grid-connected systems and centralized forms of infrastructure management,
technological integration mostly takes place as a form of individual adaptation. At both
individual and collective levels, technological integration seems contributing to the
reconfiguration of urban spaces, through occupying, modifying or enlarging both public
and private areas. However, questions of equity can emerge when certain type of
technology is exclusionary for groups of people lacking the economic resources to cope
with the changes in resource characteristics.

When looking at sanitation, the cases confirm that the closure of service water
cycle is a significant challenge for co-production. In both Addis Ababa and Hanoi, co-
production doesn’t ensure a proper wastewater management, contributing to enhance
environmental and public health risks at local and urban level. Co-production of
sanitation services often tends to fail to guarantee sustainability when there is a lack of a
strong public contribution (for instance, through subsidies, environmental programs,
control procedures or awareness raising). This is mostly due to lack of users’
motivations to co-produce and little willingness to pay, as well as poor cost recovery
from operation of wastewater systems.

With respect to the limits of the framework, the preliminary application in the

three cases demonstrated some challenges mainly related with specific urban contexts.
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Some factors — such as Norms and social capital, End-users motivation, Knowledge of
the resource, “Qualities” of resource, Land use — are difficult to be assessed, due to lack
of reliable information or data accessibility. This could reduce the understanding of
some aspects of co-production and therefore the breadth of the research. This
shortcoming is also related with the research method employed for developing the
framework. In fact, referring to theories on co-production that are built without
specifically addressing the peculiarities of the urban environments of the Global South,
can lead to partial recognition of the significance of some factors. This limitation can
hide an underestimation of aspects of co-production that could be fundamental for the
cities of the South, such as issues related to policies and politics, power relations,
market completion and costs of different forms of WSS co-produced services with

respect to centralized ones.

Conclusions

Developing strategies to increase people’ access to water and sanitation in the cities of
the Global South is extremely important for ensuring the achievement of sustainability
objectives. Accordingly, the interest on the practice of service co-production is growing
at both the levels of scientific research and development cooperation. The objective of
the proposed framework is to contribute to filling the gap that public management and
urban studies have left in conceptualizing conventional service co-production,
particularly for the urban built environments of the Global South.

The literature review and the primary application of the framework in three
cases shows how differences and convergences in WSS co-production can be only
understood by embracing a comprehensive perspective that includes managerial,

techno-environmental and spatial dimensions. This comprehensive analytical
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framework allows highlighting interrelated elements of the co-produced practice that
may otherwise be overlooked when observing the practice from a specific perspective.
It therefore enables better understanding of the idea of WSS co-production in the cities
of the Global South.

Primary applications in the case studies has highlighted how the use of the
framework has enabled easier data systematization, despite the difficulties in collecting
specific data on WSS, emerged in the case contexts. The framework has allowed for
synthesis of multiple forms of information (i.e., qualitative, quantitative, cartographic),
demonstrating the possibility of integration between different analytical methods. Such
framework’s capacities have allowed to quickly obtain a comprehensive and structured
overview of the elements of WSS co-production in the three cases, thus permitting to
explore the trajectories of co-production in the case contexts in a comparative way. The
framework has therefore revealed its main utility in facilitating comparative analysis
with the purpose of identifying and testing potential research hypothesis regarding
interrelations between factors of WSS co-production and urban, techno-environmental
and institutional conditions and processes occurring in the case studies.

Anyway, additional research must be developed for improving the
comprehension of some categories/factors and test their validity, as well as for
identifying other potentially relevant factors. In particular, the study of the economic
dimension of WSS co-production would deserve further research. This is specially the
case since the tariff/price of the service does not always reflect the full direct and
indirect costs of the practice. Multiple action-oriented applications in different cities of
the Global South, as well as theory building from practice, can sustain this purpose,
along with the development of a comprehensive state of the art regarding service co-

production in Global South cities.
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In addition, further theoretical and empirical research needs to focus on
interrelations between the framework factors in specific contexts/cities. This includes
determination of the ways in which governance arrangements and the technical system
employed in service co-production mutually influence each another, including questions
of technological adaptability and differences between water services and sanitation
ones. The interrelations between settlement location, characteristics and proximity to
the conventional network, the technology employed and the stakeholders configurations
(infrastructural and governance systems) may be revealed by comparative research,
leading to a better understanding of the evolution of co-production practices in cities of
the Global South. Moreover, understanding how the interrelations between the different
categories and factors are influencing the procedural and outcome sustainability of the

services delivered in specific contexts, is another question deserving attention.
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Table 1. Dimensions, categories, factors and attributes of the actor-flow-area framework

Dimensions

Actors

Flows

Categories

Users

Intermediaries

Providers

Resources

Technology

Factors

Level of co-production

Users’ scale of
involvement

Role of users

Number of users

End-users motivation /
willingness

Norms and social
capital

Bodies in charge and
type

Degree of
institutionalization

Form of government

Responsible agency
and type

Diversity of the
resource

“Qualities” of
resource

Scale of urban water
cycle

Environmental
programmes / policies

Awareness of resource
dynamics

Scale of technology

Technical complexity

Connectedness

Infrastructure portfolio

Attributes

Co-planning, co-design, co-
delivery, co-assessment

Collective, group, individuals

Citizens, clients, consumers
Small group, large group

Individual, pro-social / type
of incentives: economic,
political, social, spatial

Socio-economic capacity,
availability of time / existing
forms of collaboration and
shared values

Public, private, community
association, third sector, for-
profit organisations, public-
private-community
organization

Formal, informal, semi-
formal

Centralized, decentralized

Public, private, public-private

Groundwater, surface water
rainwater, wastewater

Quality, quantity

Local scale, city scale

YIN

YIN

Households,
community/block/street level,
settlement/district level

Level of expertise, number of
actors and/or the size of an
organisation, kind of
technology

Combined vs. separated
systems, distributive vs.
accumulative

Taxonomy of devices,
technology availability,
device’s interface operability
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Falkenmark, 1997; Yu et al., 2011,
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2017; Pilo’ 2017; Moretto et al.,
2018

Falkenmark, 1997; Milman &
Short, 2008; Yu et al., 2011, 2012;
Allen et al., 2017

Parkinson & Tayler, 2003; Marlow
et al., 2013; Button, 2017; Allen et
al., 2017; Pilo’, 2017; Moretto &
Ranzato, 2017; Moretto et al., 2018
Anderies et al., 2004; Parkinson &
Tayler, 2003; Massoud et al., 2009;
Button, 2017; Pilo’, 2017; Becker et
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etal., 2018
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2017
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Areas

Service

Settlement /
Land

Accessibility

Satisfaction of
coverage
Regularity of the
service

Public health risk

Land tenure

Land use

Environmental risk

Urban morphology
Location

History

Physical, economic, social

Water demand, water use,
coverage

Frequency, time range of
service functioning
Water-borne and vector-
borne diseases, monitoring
activity

Formal, informal

Zoning, masterplans for the
area, pressures from
speculation

Flood prone areas, landslide
risk areas, contaminated
sites, steepness/altitude
Open space, built space (high
density/low density)

Central, urban, peri-urban,
rural

Settlement and infrastructure
consolidation

Jaglin, 2002; Burra et al., 2003;
Allen et al., 2006b; Mitlin, 2008;
Ali & Stevens, 2009; Schramm,
2011; Moretto et al., 2018

Milman & Short, 2008; Allen et al.,
2006b; Schramm, 2011

Cabrera, 2015; Moretto et al., 2018
Yuetal., 2011, 2012

Winayanti & Lang, 2004; Allen et
al., 2006b, 2017

Bakker, 2003; Schramm, 2011

Winayanti & Lang, 2004; Yu etal.,
2011

Schramm, 2011; Yatmo &
Atmodiwirjo, 2012; Cabrera, 2015

Schramm, 2011; Allen et al., 2017

Cabrera, 2015
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Table 2. Characteristics of WSS co-production in Addis Ababa, Hanoi and

Cochabamba: the actor dimension

D

Actors

C

Users

Intermediaries

Providers

Level of co-
production

Users’ scale
of
involvement

Role of users

Number of
users

End-users
motivation /
willingness

Norms and
social capital

Bodies in
charge and
type

Degree of
institutionaliz
ation

Form of
government

Responsible
agency and
type

Addis Ababa — Kebele

Hanoi — Soviet Collective

Cochabamba - Basic territorial

areas

Co-funding and co-management
of shared water taps and shared
toilets (pit-latrine).

Water supply: Group co-
production / Sanitation: Group

co-production

Water supply: Citizens/customers
/ Sanitation: Citizens/clients

Small groups (4-15 households)

Individual motivation to satisfy a
basic need collectively / Public
incentives through transfer of
materials

Low socio-economic capacity /
No data on forms of
collaboration and shared values

A member of users’ group or a
user committee are responsible
for WSS infrastructure
management (security,
maintenance administration &
revenue collection) / Private
companies can be contracted for
desludging

Water supply: Committee is
formally elected by users and it is
directly connected with the local
government / Sanitation:
Committee is informally elected
by users / Costs of WSS
infrastructure operation and
maintenance sustained by users

Water supply: Centralized form
of government (water points
connected to the centralized
water network) / Sanitation:
Decentralized form of
government (on-site facilities)

Public Water Authority operates
and maintains centralized
network up to the water meter,
and provides technical support
for building shared water points /
Lack of centralized sewerage
network in the area

Blocks

Co-funding and co-management
of individual water infrastructure
- Co-management of shared
septic tanks and decentralized
sewerage system

Water supply: Individual co-
production / Sanitation: Group

co-production

Water supply: Citizens/customers
/ Sanitation: Citizens/clients

Large groups (around 100-200
households)

Individual motivation from socio-
political duties / No public
incentives

Medium-low socio-economic
capacity / Revenue from
management for funding social
activities, events and solidarity

A group of residents, members of
the local political body (TDP), is
responsible for sanitation
management (maintenance
administration & fund collection
for desludging) / Private or public
companies can be contracted for
desludging and for repairing
breakages

Sanitation: Resident’s group is
formally elected by users and it is
directly connected with the local
government / Costs of sanitation
infrastructure operation and
maintenance sustained by users

Water supply: Centralized form
of government (individual
connection to centralized water
network) / Sanitation:
Decentralized form of
government (on-site facilities and
sewage system)

Water Companies under Public
Water Utility operates and
maintains the centralized network
up to the water meter / Lack of
centralized sewerage network in
the area

organizations (OTBs)

Co-planning, co-design and co-
management of collective water
network

Collective co-production

Citizens/clients

Large groups (60-600 households)

Pro-social motivation (*human right to
water”) / Public incentives through
transfer of economic resources,
labour, materials

Medium-low socio-economic capacity
/ Revenue from management for
funding social activities, events and
solidarity / Strong community
relationships

Local small-scale operators (OLPESs)
are responsible water infrastructure
management (security, maintenance
administration & revenue collection) /
Private companies can be contracted
for well drilling, repairing breakages
or desludging.

OLPE is formally elected by users. It
is formally recognised but
autonomous from the state. They can
be organized as cooperatives,
associations or basic territorial
organizations / Cost of operation and
maintenance sustained by OLPE from
water revenues (users’ membership
fee and water tariffs)

Decentralized form of government
(collective water network connected to
local boreholes, owned by users)

State provides funding and technical
support to OLPESs / Public water
authority monitors water quality at
city scale / Lack of centralized water
network but presence of sewerage
networks in the area
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Table 3. Characteristics of WSS co-production in Addis Ababa, Hanoi and

Cochabamba: the flow dimension

D

Flows

C

Resources

Technology

Diversity of the
resource

“Qualities” of
resource

Scale of urban
water cycle

Environmental
programmes /
policies

Awareness of

resource
dynamics

Scale of
technology

Technical
complexity

Connectedness

Infrastructure
portfolio

Addis Ababa — Kebele

Hanoi — Soviet Collective

Cochabamba - Basic territorial

areas

Surface water from centralized
intake works / Wastewater
discharged into the river

No data on quality of water /
Increasing water scarcity at
regional level

City level

No environmental programmes

No data

Water supply: Scale of
community
Sanitation: Scale of community

Simple level (1-4 managers —
low technology)

Water supply: combined system,
distributive

Sanitation: separated systems,
accumulative

Water supply: Secondary water
pipes, one water meter for shared
tap, jerry cans / Sanitation: pit
latrine, toilet lock

Blocks

Groundwater from well fields
(centralized network) /
Wastewater discharged into
channels and ponds

Low quality of water due to
heavy metals and biological
contamination / Adequate
quantity of water

City level

Community programs for
improving the quality of ponds
and lakes

No data

Water supply: Scale of
households

Sanitation: Scale of the block

Simple level (1 representative —
low technology)

Water supply: combined system,
distributive

Sanitation: separated systems,
accumulative

Water supply: Tertiary water
pipes, booster pumps, elevated
water tanks and filtering, water
meter at households / Sanitation:
individual or shared toilets, septic
tank, secondary sewerage

organizations (OTBs)

Groundwater from decentralized wells

No data on quality of water / Limited
quantity of water (water table is
impacted by over pumping)

Local level

No environmental programmes

High level of community’s awareness
of the quantity of the resources /
Mechanisms of control to contrast
freeriding of the resource

Scale of community/settlement

Medium level (1 assembly — low
technology) / Availability of local
technicians / Users are responsible for
maintaining and cleaning periodically
the water tanks, and to participate to
assemblies

Water supply: separated system,
distributive

Water supply: well, pumping station,
piped network, booster pumps,
elevated water tanks, chlorination
systems, water meter at households
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Table 4. Characteristics of WSS co-production in Addis Ababa, Hanoi and

Cochabamba: the area dimension

D

Areas

C

Service

Settlement / Land

Accessibility

Satisfaction of
coverage

Regularity of
the service

Public health
risk

Land tenure

Land use

Environmental
risk

Urban
morphology

Location

History

Addis Ababa — Kebele

Hanoi — Soviet Collective

Cochabamba - Basic territor

ial

areas

Low distance to WSS points /
Standard fixed price for water at
urban level

Full coverage, not fully satisfied
demand - existence of
complementary water supply
modalities (water purchase)

4-5 days per week, in average /
hour rationing policies

No monitoring activity

Formal land tenure system: multi-
familiar type of housing (kebele
house) at a low controlled rental
price

Existing resettlement strategy for
slum dwellers

Increasing water scarcity / Urban
rivers are high polluted / Frequent
flooding events in the rainy
season

High-density built areas, few
open spaces

Urban

Old settlement typology (slum) /
Use of shared water point is
currently reducing in favour of
private connection or secondary
buying/reselling activity / Urban
development implies a more
water-demanding infrastructure
(from poor-flush to normal-flush)

Blocks

Low distance to WSS points /
Standard fixed price for water at
urban level

Full coverage, not fully satisfied
demand - existence of
complementary water supply
modalities (water purchase)

717 days, 4/24 hours per day

No monitoring activity

Formal land tenure system, with
informal densification and
occupation of public space for
new dwellings

Existing resettlement strategy for
all dwellers living Soviet
Collective Blocks

Urban rivers, channels and ponds
are high polluted / Frequent
flooding events in the rainy
season / Land subsidence

High-density built areas,
sufficient open spaces

Urban

State-driven development /
Originally, the infrastructure was
provided by the government and
users were sharing water from
collective water tanks and one
tap; later, the management of the
infrastructure has been
transferred to resident’s groups
(sanitation) and households
(water)

organizations (OTBs)

Low distance to WSS points /

Standard fixed price for water at urban

level

Full coverage, not fully satisfied
demand - existence of complementar
water supply modalities (water
purchase)

Generally 2-3/day a week, and few
hours a day

No monitoring activity

Mix of formal and informal areas

No data

Increasing water scarcity / Landslide
risk in mountainous areas

Low-density areas - morphology
influenced by pre-existing irrigation
canals

Peri-urban

Occupancy-driven development /
Inhabitants need some years to raise

y

funds to build the water infrastructure
- Water networks do not follow a clear

urban pattern
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Figure 1. The co-production system
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Figure 2. The socio-technical framework: E-End-users; P-Providers: R-Resources; T-
Technology (Yu et al., 2012, p. 2734, adapted from van Vliet et al., 2005)
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' By referring to Mitlin and Satterthwaite (2013, p. 13), we use the term “Global South” to
“include all nations classified by the World Bank as low- and middle-income that are in

Africa, Asia and Latin America and the Caribbean”.
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" Africa, Asia and Latin America showed the highest average annual rate of urban population
growth, respectively 3.44%, 2.78% and 1.45% in the period between 1995 and 2015 (United
Nations Human Settlements Programme [UN-Habitat], 2016).

Il The normative perspective looks at the values that could be embedded in the process of co-
producing — such as social justice, democracy and citizens’ empowerment — whatever the
final results of the practice are. The instrumental/pragmatic perspective looks at the values
that could be embedded in the outcome of a co-produced practice, such as improved

efficiency and quality of the service.
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