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Abstract

The multiple public and private initiatives to provide access to water in Brazil's semi-arid region have resulted in a mosaic of infrastructure that rural households combine to cater to various domestic and productive uses. Based on a survey, interviews and social mapping in three communities in Ceará state, this study analyzes the multifunctional arrangements through which rural households mitigate water insecurity. The diversity of sources, storage strategies, sharing among neighbors, and political mobilization emerge as mechanisms of adaptation to climate and infrastructural uncertainties. These hybrid and flexible arrangements guarantee the minimum necessary for consumption, domestic activities, and even small productive activities. These arrangements do not eliminate water insecurity: undersized supply networks, poor water quality, and private appropriation of community systems generate scarcity and socio-spatial inequalities. Water insecurity must, therefore, be apprehended not only as the physical absence of water, but as an expression of the political and social forms through which access to it is mediated.

Résumé

Les multiples initiatives publiques et privées visant à fournir un accès à l'eau dans la région semi-aride du Brésil ont donné lieu à une mosaïque d'infrastructures que les ménages ruraux combinent pour répondre à divers usages domestiques et productifs. Sur la base d'une enquête, d'entretiens et d'une cartographie sociale dans trois communautés du Ceará, cette étude analyse les arrangements multifonctionnels par lesquels les ménages ruraux atténuent l'insécurité de l'eau. La diversité des sources, les stratégies de stockage, le partage entre voisins et la mobilisation politique apparaissent comme des mécanismes d'adaptation à l'incertitude climatique et infrastructurelle. Ces arrangements hybrides et flexibles garantissent le minimum nécessaire à la consommation humaine, aux activités domestiques et même aux petites activités productives. Ces arrangements n'éliminent pas l'insécurité de l'eau : des réseaux d'approvisionnement sous-dimensionnés, la mauvaise qualité de l'eau et l'appropriation privée des systèmes communautaires génèrent des pénuries et des inégalités socio-spatiales. L'insécurité hydrique doit donc être appréhendée non seulement comme l'absence physique d'eau, mais aussi comme l'expression des formes politiques et sociales à travers lesquelles l'accès à l'eau est régulé.
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1 Introduction
Brazil's semi-arid region is home to around 28 million inhabitants, of whom approximately 38% reside in rural areas, making it the world's most populous semi-arid region (INSA, 2024). Access to water is essential for habitability, poverty reduction, and the well-being of the rural population (Maleksaeidi et al., 2016). However, the population has historically depended on the use of multiple infrastructure, including small-scale community-managed supply networks, wells, cisterns, and small reservoirs, as well as on informal arrangements and emergency solutions, such as water tankers with low-quality water (Simão et al., 2024).
Definitions of water insecurity are predominantly framed around access to potable water for human consumption, particularly for drinking and cooking, often ignoring the multiple uses of water that sustain daily life in rural contexts (Goff and Crow, 2014; Elliott et al., 2019). In rural areas, where water plays a central role in ways of life and livelihoods, households routinely mobilise water beyond consumption, using it for hygiene, domestic cleaning and amenities (White et al., 1972), as well as for productive purposes such as home gardens and animal husbandry (Hall et al., 2014), and artisanal manufacturing, such as brewing and juice production. Even when supply systems are initially designed for drinking water and limited domestic use only, rural families adapt and expand these supplies for productive purposes, which are fundamental to their subsistence (Thompson et al., 2001).
The use of multiple water sources for various purposes, common in rural communities, reveals the everyday logic of adaptive water management. Water sources are combined, chosen according to the type of use, season, distance, cost, availability, and perceived quality (Tucker et al., 2014; Foster and Hope, 2017). This diversification strategy enhances the capacity of households to cope with fluctuations in supply and sustain daily routines.
In Brazil, the 1997 National Water Resources Policy guaranteed rights for water access in situations of scarcity, prioritizing human supply and animal watering. However, formal initiatives in rural areas have often been insufficient to ensure water security. What has emerged instead, through overlapping programs and initiatives of various state entities (Ministries of Water and Rural Development, military), NGOs and local stakeholders, is the progressive construction of multiple water sources and uses, driven by institutional fragmentation and community adaptation (Gasmi et al., 2024).
As each initiative operated with distinct objectives and rationales, this gave rise to a complex mosaic of water sources and infrastructures (Mitroi et al., 2025). In practice, this institutional fragmentation intersected with local appropriation and adaptation strategies, allowing households to reconfigure systems designed for domestic consumption into multifunctional arrangements. Rather than interpreting this multiplicity solely as a failure of coordination, this article examines how it has become a central mechanism through which rural households mitigate water insecurity by negotiating access to overlapping systems and diversifying water uses in response to environmental and infrastructural uncertainty. These arrangements sustain not only domestic needs but also small-scale agriculture and backyard food production. This article hypothesizes that such arrangements, although not intentionally planned as an integrated policy, play a crucial role in mitigating household water insecurity beyond drinking water. This paper is structured as follows. Section 2 introduces the study area and methods. Section 3 presents empirical results, and section 4 discusses these results in relation to policy evolution and the daily experience of inhabitants in obtaining water access. Section 5 concludes on the way water insecurity should be understood in semi-arid rural areas.
2 Methodology
2.1 Identification of vulnerable areas and presentation of the study area
The study was conducted in three communities in three different districts in the municipality of Quixeramobim in the central hinterland of Ceará state: Damião Carneiro, Nenelândia and Belém (Fig. 1). As in other rural communities in Brazil's semi-arid region, these communities are made up of family farmers practicing subsistence agriculture and livestock farming on small plots of land, limited access to water resources and limited productive capacity (Silva et al., 2019). These communities have long-standing, and often complex, relationships with nearby landlords, practicing large-scale range management.
In Quixeramobim, the average annual rainfall is around 700 mm, concentrated between February and May. The region faces high evapotranspiration rates (>2000 mm), low water availability, high climate variability, and frequent droughts. These conditions aggravate the fragility of water supply, marked by a scarcity of sources, poor infrastructure, fragmented management, and increasing dependence on emergency solutions, such as water tankers; they force the population to seek other sources (cisterns, dams, wells, among others). Mitroi et al. (2025) thus show that the access to multiple sources is a regular pattern in rural communities in Ceará.
The selection of case studies prioritized communities with a documented history of water insecurity, frequent reliance on emergency water supply, distinct forms of social organization, and unequal access to land and natural resources. In all cases, water tankers constitute the primary emergency response, underscoring a structural dependence on this mechanism.
Figure 1 illustrates the high density of tanker deliveries recorded in 2022 in the study sites and offers contextual information.
Since the late 1990s, several public projects have sought to expand water access in the region. The São José Project, funded by the World Bank and implemented by the Ceará State Secretariat for Agrarian Development, installed simplified community water systems, including wells, pipelines, desalination units, and small reservoirs. In the 2000s, the One Million Cisterns Program promoted the construction of rainwater harvesting cisterns and trained households in their use and maintenance. During droughts, Operation Carro-Pipa (Water Tankers), coordinated by the Ministry of Defense, supplies drinking water to rural communities as an emergency measure. In addition, there are many individual and collective initiatives to obtain access to water sources, mainly through wells or small reservoirs.
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Location map of the communities studied, with selection criteria and summary information.
Carte de localisation des communautés étudiées, avec critères de sélection et informations synthétiques.



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 Photos of methodological processes in the study areas, showing social mapping workshops (A); interviews (B); and the application of the questionnaire (C).
Photos illustrant les processus méthodologiques dans les zones d'étude : les ateliers de cartographie sociale (A), les entretiens (B), et l'application du questionnaire (C).



2.2 Research methodology
This study combined quantitative and qualitative methods to investigate water access, multiple uses, and local strategies to cope with household water insecurity. This methodological choice reflects the multidimensional and relational nature of water insecurity. The quantitative HWISE (Household Water Insecurity Experiences) questionnaire, based on Young et al. (2019) and Jepson et al. (2023), was applied to assess multiple dimensions of water insecurity. The complete instrument comprises 160 questions, including items from the HWISE scale and additional modules that address socioeconomic aspects, water sources and storage, use of cisterns and water trucks, water for agriculture, periods of scarcity and availability of piped water, and other locally relevant issues to understand water insecurity (Jepson et al., 2017). Our mixed methods approach was tailored to understand how households deal with water insecurity, while navigating between overlapping water supply systems and diverse water uses (Fig. 2). Therefore, we used the results of the questionnaire regarding water sources, access and availability, hours of scarcity and availability, cisterns, and water trucks, without mobilizing the full HWISE Scale. Data were collected from January to May 2024, covering both dry and rainy periods. The survey was conducted across the three study communities, with sampling proportional to the number of households totaling 300 questionnaires, with a confidence level of 90% and a sampling error of 5%.
To highlight the narratives of local actors, qualitative and participatory approaches were adopted, including open interviews with spoken maps and participatory social mapping workshops. The selection of participants sought to ensure territorial representativeness and diversity of profiles. Interviewees included farmers, health workers, association leaders, teachers, merchants, union members, and landowners.
A total of 28 open interviews were conducted, in which spoken maps supported narratives about territorial experiences and social memory. The topics addressed included the history of the communities, water sources used, storage strategies, perceptions of water quality and reliability, coordination between different sources, impacts of available water on production, use in productive backyards, and quality of life. The interviews were conducted randomly among the groups mentioned, recorded, transcribed, and later coded in ATLAS.ti version 25.0.1 to guide the analysis and subsequent data cross-referencing.
Participatory social mapping workshops were organized in each community, addressing four dimensions: water supply, local production, infrastructure and services, and sociopolitical dynamics. This allowed for the spatialization of water sources and management flows, as well as the identification of local patterns and conflicts (Silva et al., 2018). The recruitment of participants was carried out with the support of community leaders, through in-person invitations made a few days before the workshops and dissemination via messaging applications. After the activities, the maps were digitized and processed using QGIS 3.28 (QGIS Development Team, 2023).
3 Results: access and water insecurity in rural areas of Ceará
This section shows the results obtained on the basis of three case studies. Each case illustrates particular issues in the access to water: (i) the private appropriation of a community system in Nenelândia; (ii) structural limitations and poor water quality in Damião Carneiro; and (iii) partial integration into urban networks in Belém. Together, these cases reveal how water insecurity is produced by local dynamics of power, infrastructure, and adaptation, going beyond the simple presence or absence of water.
3.1 Private appropriation a community water supply system in Nenelândia
The rural community studied in Nenelândia district arose from the spontaneous occupation by families in search of agricultural land, probably at the beginning of the 20th century. The first mention of water infrastructure dates to the 1930s, when small reservoirs were built in the area. Water access was precarious and unequal, relying on manual transport or the use of animals, with sources in ephemeral streams and small private reservoirs.
In 1999, through the São José I Project, a community water supply network for domestic use was installed. Initially, boreholes fed the network, but with insufficient flows, so through agreements between the municipality and the community, one of the landlords authorized one of his dam reservoirs to be used as the main source. The installed network included a pump, an elevated tank with a capacity of 80 m3, water pipes, and one tap per residence.
Initially, water management was community-based: the community association charged a monthly fee of R$ 5.00 per family to cover maintenance costs and passed on a portion of the fees to the dam owner to cover the electricity cost for pumping water from the dam to the network. A few years later, conflicts arose between the reservoir owner and the community association, as the association did not accept what it considered abusive charges for energy. The association questioned the accuracy of energy consumption, raising suspicions about a possible attempt to commercialize water, which is not permitted officially.
In 2005, the conflict resulted in the interruption of supply and the unilateral appropriation and control of what was officially a public system by the reservoir owner. From that moment on, he instituted monthly charges for the consumption of 10 m3 per residence, contrary to the original community character of the water supply system.
During the last severe drought (2012–2018), at its peak in 2015–2017, faced with a critical reduction in the reservoir's volume, the owner cut off the water supply to the community, prioritizing its use for his cattle. With no alternatives, the community mobilized political support to build an emergency water pipeline from the Banabuiú River, 16 km away. As the drought intensified, the river also dried up, and the population was restricted to rainwater stored in cisterns and water supplied by tankers. In addition to limited water supplies for consumption and hygiene, the shortage compromised families' food production and animal watering, worsening rural vulnerability. In 2018, with the partial resumption of the Banabuiú River's flow, the emergency pipeline was restored, but it only partially served the community because the topography made it difficult to pump water to the higher areas.
Faced with the precariousness of the public service, residents turned once again to the reservoir owner. In 2020, he reconnected the supply network to his reservoir but only supplied about 55 of the 80 houses in the community. He excluded families linked to the former community association, with which he had conflicts, using water as a tool for control and personal retaliation. The unserved families built small networks connected to small private reservoirs.
This case highlights what Bakker (2007) calls socially produced scarcity: water insecurity does not stem from a lack of infrastructure, but from private and unequal control over access, resulting from the private appropriation of a publicly funded water supply system.
The results revealed that currently, families live with daily variations of 4 to 24 h without tap water and with unsatisfactory quality, even though the last few years have been within the average rainfall range. As a coping strategy, residents diversify their water sources, using the supply network when available, while storing rainwater and water from trucks in cisterns and other containers to ensure, as much as they can, domestic and productive uses: “I think the more you store, the better” (inhabitant). These coping strategies are quite common across the semi-arid region (Azupogo et al., 2023).
Figure 3 was prepared based on the exercise of social mapping, adding data from the questionnaire on hours of intermittent supply, and qualitative field observations. The map shows a fragmentation of water supply networks in the community studied. Two social groups with different forms of access to water can be observed: i) the community supply network, currently appropriated by the landlord (in blue), supplies water to two-thirds of households; ii) the remaining families (in purple, pink, and red) have built informal pipes connected to private reservoirs.
Only households connected to the community water supply network under private control reported daily periods of intermittent piped water supply. The red gradient represents the density of households affected by interruptions, with darker areas indicating those with the highest number of hours without supply. The intensity of this gradient increases towards the end of the network, highlighting an unequal distribution of water. Interviews pointed to two main causes for this: i) inadequate network sizing, which results in lower flow to homes located at the end of the network; ii) control of pumping time by the reservoir owner, who limits the operation of the pump, preventing water from reaching all residences evenly. Notably, interviewees did not mention the multiple and productive uses of piped water by certain households as factors contributing to the interruption, although these uses typically involve higher water consumption that consequently exceeds the hydraulic capacity of the network, which can lead to pressure drops or uneven flow distribution, especially in residences located at the end of the network.
Figure 3 highlights socioeconomic divisions in addition to the fragmentation of the supply network. The first group (blue network) consists of small farmers, many of whom work on the reservoir owner's land, either through leasing or service provision. These residents maintain domestic productive activities in their backyards, such as small animal husbandry and family horticulture.
The second group brings together families with greater purchasing power, who own land, livestock, and their own reservoirs, as well as private infrastructure such as boreholes, private water networks, and milk cooling tanks for dairy production. This group also engages with small home industries, made possible by more stable access to water.
Finally, the map highlights the multiple uses of local reservoirs, which combine domestic supply, agriculture, fishing, and recreation, reinforcing the complexity of the interactions between water infrastructure, social inequalities, and multiple uses of water.
	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Social map of the community with water sources, uses, water supply network, agriculture, showing the density of households affected by the water supply interruption.
Carte sociale de la communauté avec les sources d'eau, les utilisations, le réseau d'approvisionnement en eau, l'agriculture, indiquant la densité des ménages touchés par l'interruption de l'approvisionnement en eau.



3.2 Undersized water supply systems and poor quality of sources in a village in Damião Carneiro district
The village that is now the seat of the Damião Carneiro district emerged from the gradual land occupation by rural workers linked to cotton and livestock activities in the early 20th century. It is informally divided into sectors A and B, a historically and socially constructed distinction later reinforced by separate water supply networks and local community organizations.
In the late 1990s, the São José I Project installed two independent domestic water supply networks in the village, corresponding to sectors A and B. Each system had a water source, a pump, an elevated water tank, and a specific distribution network. Because it was classified as an urban area by the IBGE (Brazilian Institute of Geography and Statistics), the village was not included in the cistern program (P1MC). This limited their access to rainwater storage. Only families with sufficient purchasing power were able to build private cisterns. As an alternative, the municipality built a collective cistern to store water from water tankers, used for human consumption throughout the year.
Water insecurity intensified with the long drought from 2012 to 2018, when the region's reservoirs dried up. In response to the crisis, the state invested in the drilling of boreholes. Both sectors A and B saw their water sources collapse and were provided with boreholes. However, the local aquifers have high levels of salinity, compromising potability. In sector B, in addition to the drilled wells, a desalination plant was installed through political mediation, allowing the treatment of groundwater for human consumption.
Both sectors are currently supplied with saline water from boreholes, each with their own distribution network and autonomous community management, coordinated by the local association of each sector. However, poor water quality and low aquifer recharge during droughts have turned this village in expressing the highest demand for water tankers in Quixeramobim municipality. Water from tankers, intended for climate emergencies, now routinely supplements the supply network. One resident explains: “There is water from the tap, but it comes from a borehole, so it is salty and can only be used for bathing and washing clothes.” Another resident adds: “I get water for my plants from the community cistern because the tap water is too salty and kills the plants.”
Population growth has exacerbated the limitations of the supply network. The old central water reservoir is no longer used because it can no longer meet demand. Currently, water is distributed through a combined system of three boreholes that pump water directly into homes, creating distinct sub-sectors linked to specific boreholes. This system has created internal inequalities: while some subsectors are supplied continuously, others face intermittent distribution, with more than 12 h per day without tap water. 71% of households explained that they have scheduled interruptions in their water supply, which compromises regular access and forces residents to resort to complementary sources and increase water storage.
Families have developed multiple storage strategies to mitigate the effects of intermittent and poor-quality water. Families with higher incomes and physical space built private cisterns and purchased 1,000-liter drums and 5,000-liter polyethylene tanks, to store a greater water volume and ensure greater autonomy. The collective cistern, supplied by water trucks, remains the main source of drinking and cooking water for families who are unable to store water, but it is insufficient for other domestic uses and small-scale productive activities.
Families have also developed multifunctional arrangements for water sources that are separated by origin and use. From the most to the least used, there is: rainwater for drinking and cooking; water from tankers for cooking, oral hygiene, and occasionally for irrigating small backyards; water from the supply network for cleaning the house, washing clothes, bathing, and backyard uses.
This diversification strategy is confirmed by data from our survey, which shows that 95% of households have access to the community water supply network, 89% use rainwater, 31% receive water from trucks, 19% consume desalinated water, 16% have used water from trucks at some point, and 2% have piped water from a private source. About a quarter of households use up to three different sources simultaneously (rainwater, cisterns, and the supply network). “Rainwater” and “cisterns” are considered separate sources, as many households store rainwater in makeshift containers such as drums, buckets, and PET bottles, in addition to cisterns.
During the rainy season, households seek to maximize rainwater storage to reduce their dependence on piped water, whose quality and regularity remain uncertain.
Figure 4 shows five types of domestic water supply arrangements identified in the communities surveyed, showing how households access, store, and use water. These arrangements are based on a combination of sources and uses, which are different in the rainy and dry seasons. The diversity of sources and the separation of uses for human consumption, hygiene, and productive activities highlight adaptive strategies in the face of irregular supply, diverse water quality, and limitations in available infrastructure.
In addition to the diversification of water sources and increased storage, water sharing between families emerged as a significant adaptation strategy. Sharing was not limited to rainwater stored in cisterns, but also included piped and even bottled water, highlighting strong solidarity networks in response to local water insecurity. 49% of families reported donating or receiving water from others, which is similar to practices in the community of Nenelândia district (45%), while water is shared to a lesser extent in the settlement in Belém district (28%).
	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Example diagrams of domestic water supply systems.
Exemples de schémas de systèmes d'approvisionnement en eau domestique.



3.3 Connecting to the urban water network while maintaining multiple sources in the Belém district settlement
This settlement was created in 1997 as part of the agrarian reform federal program. In the early 2000s, a domestic water network was installed linking it to existing reservoirs, followed by domestic cisterns, expanding access to water. Due to a favorable political context, federal settlements were prioritized for infrastructure, agricultural support, and technical assistance. However, budget cuts and a reduction in the capacity of INCRA (National Institute of Colonization and Agrarian Reform) in recent years have distanced settlements from public policies, limiting access to projects, assistance, and credit. This directly affects the maintenance and expansion of water supply infrastructure and requires greater autonomy for families in managing multiple water sources and uses.
The settlement has six autonomous housing sectors, each with distinct access arrangements, supply sources, and management dynamics, leading to internal inequalities. Water insecurity in the settlement results from outdated infrastructure and the absence of regular technical oversight. Originally, each sector was supplied by networks linked to specific reservoirs, but these sources have declined due to prolonged droughts, and in some cases, water quality is inadequate. Undersized systems and limited capacity have led to frequent interruptions, prompting families to rely on rainwater and water tankers for domestic and productive uses.
The severe drought from 2012 to 2018 exposed infrastructure imbalances within the settlement. In two of the six sectors, the collapse of local reservoirs led to a total failure in supply, leaving families entirely dependent on cisterns with rainwater and water tankers. Through local political intervention, residents of these two sectors successfully pressured the municipality and, in 2020 and 2021, secured the extension of urban piped water supply to their sectors. They now receive treated water on a regular basis. In contrast, other sectors faced internal disorganization and management disputes, which prevented similar advances.
Paradoxically, with stable, continuous, and good-quality access through the urban network, and with most families having cisterns to store rainwater, residents of these two sectors continue to rely on multiple sources. About 23% of households still receive water through water tankers, and 56% have used them in the recent past, mainly out of fear or out of precaution in the face of possible droughts. This use reveals a new role for the water tanker supply, which has become complementary and preventive. When there is sufficient water supply, some families direct the resource to small-scale productive uses, such as irrigating backyards and watering livestock.
In another sector of the settlement, where the supply network is informal and community-managed, many residents use water from the supply network not only for domestic needs, but also to irrigate productive backyards and raise livestock. The intensification of water use has overloaded the system, leading to frequent pump failures and irregular water distribution, causing prolonged shortages in some subsectors. Dissatisfaction has grown with the fixed billing model, which charges all households equally, regardless of use. Residents have requested water meters and individual billing to promote fairer and more sustainable management. In addition to structural limitations, conflicts over piped water use also affect levels of water insecurity.
Figure 5 shows how households combine sources based on uses. Piped water is the most versatile and widely used source, predominant in domestic tasks but also widely used in small animal husbandry and productive backyards.
	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Distribution of water sources according to their main uses in the three studied communities.
Répartition des sources d'eau selon les principales utilisations dans les trois communautés étudiées.



4 Discussion
4.1 Progressive evolution of public policies, multiple sources, and social arrangements
The various public policies on water infrastructure in northeastern Brazil, such as the construction of reservoirs, cisterns, simplified supply systems, boreholes, and water tankers, reflect efforts to expand access to water, with a predominant focus on domestic use. Fragmentation resulted from a multiplicity of programs by federal, state, municipal, and civil society actors with different objectives. The progressive implementation of these public programs generated conflicts and divergences that were not only material but also conceptual, reorganized through institutional (re)arrangements or “bricolage” (Nogueira et al., 2020). This led to overlapping infrastructure, gaps in coverage, and redundancy of functions. Although better coordination could have reduced overlaps and inefficiencies, it would likely not have prevented the multiple uses of multiple water sources, which reflect adaptive responses of households and communities. Some initiatives were motivated by emergencies (e.g., water tankers), while others aimed at structural solutions (e.g., cisterns). The lack of integrated planning and political continuity prevented the development of a coherent territorial policy, resulting in disconnected systems that were at times poorly integrated into community dynamics (Aguiar et al., 2019).
However, once incorporated into daily routines, these infrastructures are often used in a complementary manner and for broader purposes, including productive uses, revealing the ability of families to adapt and reinterpret them, transforming sectoral arrangements into complex water management strategies (Machado et al., 2017; Silva et al., 2019). This is evident in Nenelândia, where private appropriation of the public supply system has led to intermittent supply and prompted families to diversify their sources, made possible by the multiplicity of infrastructures. This highlights local responses to inequalities in water access.
Water use patterns challenge the assumption that “domestic water” is synonymous with drinking water. As Goff and Crow (2014) observe, the centrality of access to “drinking water” in public policy obscures the complexity of everyday water uses in the domestic environment. In rural contexts, such as those in our study, domestic water is also used in productive backyards, for growing food, raising backyard animals, and even watering livestock, which increases demand on water supply systems and may lead to disagreements among users, as documented in Belém. In addition, water supply projects assume that the water distributed is suitable for consumption, but the case of the village of Damião Carneiro shows that poor water quality forces families to resort to other sources, such as buying bottled water for drinking and cooking as an adaptation strategy (see also Lee et al., 2020).
It is precisely this understanding that underpinned the cistern program, which proposed the use of rainwater as drinking water when properly collected and stored, and offered a reserve of 16,000 liters per family, which serves as an important reinforcement to domestic supply (Santos et al., 2013). As observed in Damião Carneiro, cisterns are part of broader domestic water use arrangements, allowing for diversified management strategies and the combination of multiple sources and uses. These arrangements enable families to circumvent the limitations of intermittent supply, poor water quality, and seasonal variability.
Faced with water supply constraints, most households, in all locations studied, developed daily strategies for collective water negotiation and management based on networks of trust and solidarity. These negotiations take different forms and occur with varying intensity, depending on the context of water availability, the degree of scarcity, and the social ties between residents (Wutich et al., 2022). Sharing rainwater or cisterns among neighbors or relatives and using boreholes collectively are common practices for human consumption, but also for other domestic uses. However, these practices remain by and large invisible in public policies (Jankovic-Rankovic et al., 2024). They function as a structuring form of access to water, based on social ties and networks of trust that operate outside official systems.
However, these exchanges are not without tension. Water sharing can involve feelings of shame, frustration, and conflict, especially in contexts of scarcity or prolonged dependence (Wutich et al., 2022). In the communities studied, the preference for sharing with close family members or in small quantities seems to reflect this concern in order to maintain balanced relationships and avoid friction. Although sharing is an important response to domestic water insecurity, it carries social and emotional costs.
In addition to these daily practices, there are political negotiations to expand access to infrastructure. For example, in the settlement in Belém, some collectives mobilized political support to negotiate with the municipality the extension of the water supply network from the neighboring city to their communities. These (in)formal agreements follow a logic of perceived justice, reciprocity, and collective action, revealing coping strategies that combine political coordination and community agreements, while shaping local forms of water governance, sustained by bonds of trust, social ties, and political connections. However, this case also exposes the limits of solidarity, as claims for water meters and individual billing generated tensions that weakened collective arrangements.
4.2 The access paradox: multiple sources and no certainty
The quest for multiple sources for multiple uses is also related to the limitations of existing infrastructure, especially undersized supply networks, flow limitations, and water quality problems (Smits et al., 2010). In Damião Carneiro district, families multiply water sources and increase storage capacity to cope with irregularity of the network (Fig. 6). This reality is not isolated: even in communities formally served by water supply systems, restrictions related to pressure, storage capacity, and water quality encourage families to maintain alternative sources (Aleixo et al., 2019; Tomaz et al., 2020). From the residents' point of view, water quality is also an important factor encouraging the use of multiple sources. In all the locations investigated, residents reported that piped water was brackish, tasted bad, was yellowish in color, or sometimes contained larvae. Under these conditions, diversifying water sources is not just a choice, but a necessary strategy for dealing with systems that do not consistently meet multiple domestic demands.
Despite increased access to water, the perception of water insecurity remains deeply rooted in the local imagination. Recurring droughts fuel constant fear of water scarcity and produce lasting emotional effects, such as insecurity about the future, sadness, and discouragement, even when supplies improve (De Sousa Camurça et al., 2016).
The collective memory of drought justifies preventive strategies, such as increasing storage, even during periods of relative water stability. In some communities, especially in the settlement in Belém, water from water tankers was accepted even when other sources were available, simply to keep the Army's records active and ensure future supply: “We keep water from the trucks at this time of year just so we don't lose the water and lose our registration... We don't know what the future holds, if it will be a good winter...”.
Household perceptions reveal dimensions of water insecurity that technical indicators often fail to capture. Metrics based on the creation of new water sources and infrastructure, volume, or formal coverage ignore emotional effects, efforts, and adaptation mechanisms, producing an incomplete picture of reality (Jepson et al., 2017). Water insecurity is experienced not only as a lack of water, but also as the inadequacy of available water, whether because it cannot be consumed, is not available when needed, or cannot be used for the wide range of domestic and productive activities.
Water insecurity experienced by rural families is not just a matter of scarcity or technical failures in infrastructure; it also manifests itself in the loss of autonomy over means of access to water. The presence of supply systems does not always guarantee the effective right to water, especially when these systems become the target of private appropriation, as in the community of Nenelândia district. Such appropriation subjects residents to a regime of constant dependence and insecurity. More than a material limitation, it is a daily experience of vulnerability, in which access to water is precarious, uncertain, and unequal. Private appropriation of public resources deepens inequalities and generates silent forms of exclusion that do not appear in formal indicators but are felt by families as a constant threat to their presence and dignity. The problem here is not the absence of water, but the fragility of collective guarantees when access to an essential resource becomes informally controlled by private actors.
	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 Photos showing storage strategies according to water sources and uses by households.
Photos illustrant les stratégies de stockage en fonction des sources d'eau et des usages domestiques.



5 Conclusions
This study highlights how institutional fragmentation in public water policies, together with local and infrastructural constraints, shapes the conditions of access to water in rural communities. We showed how families develop strategies to deal with limitations by developing multiple sources, favoring storage, adapting uses, and activating solidarity networks. The presence of multiple water sources plays a central role in the habitability of these communities. Far from being merely an emergency strategy, this diversification is what enables families to meet their daily needs. In this context, domestic and productive uses are often interlinked: water for domestic needs is also used to irrigate vegetable gardens, raise backyard animals, and support food production. These domestic practices are not marginal; they are fundamental to sustaining rural livelihoods, ensuring quality of life, food security, and, indeed, their very presence. Local arrangements, such as the complementary use of sources, sharing among neighbors, and community agreements, reveal modes of governance based on solidarity, experience, and resilience. However, these initiatives do not replace the role of the State. Water insecurity remains present as a feeling, expressed in accounts of fear, frustration, and uncertainty, and as a political phenomenon linked to the unequal way in which access to water is distributed and controlled. Insecurity, therefore, must be understood not only as the absence of water, but as an expression of the political and social forms through which access to it is mediated. Dealing with rural water insecurity, therefore, needs to be based on the understanding of the multiplicity of practices, sources and uses, and local constraints.
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