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Abstract

:

Local tariffs in the form of household contributions are the primary financial mechanism to fund the maintenance of rural water supplies in Malawi. An investigation was conducted into the tariffs set by rural service providers to sustain drilled boreholes equipped with Afridev handpumps. A binary logistic regression analysis identified significant explanatory variables for the most common identified considerations when setting tariffs, ‘affordability’ and ‘operations and maintenance (O&M) costs’. The results demonstrate tariffs collected less frequently and usage above the design limit of the Afridev (300 users) had lower odds of considering affordability and higher odds of considering O&M costs, than those collected per month and within the design limit. The results further suggest a recognition by service providers of an increased maintenance challenge. High usage, acquiring spare parts, and the collection of tariffs when repairs are required indicate an increased likelihood of considering O&M costs, conversely to considering affordability. The balance of affordability and sustainable maintenance is a perpetual challenge under decentralised service delivery. Investment into ongoing support and supply chains is required for the financial and operational requirements of water supply, to ensure payments for services does not prevent access to clean water at the local level and to achieve the 2030 agenda.
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1. Introduction


Investment to increase the coverage of water supply infrastructure has been a key component of global goals, government targets, and projects throughout the aid sector. The Millennium Development Goal (MDG) era set out coverage targets, including target 7c “to halve the proportion of people without sustainable access to safe drinking water and basic sanitation” by 2015. While this target was globally delivered in 2010, areas within Sub-Saharan Africa (SSA) fell behind [1]. A global focus for coverage continued into the Sustainable Development Goal (SDG) era in 2015 through goal 6, which aims to “ensure availability and sustainable management of water and sanitation for all”. The SDGs focus on coverage also requires the same, if not greater, emphasis on local sustainability to ensure continued service delivery, particularly for rural water supply. While the performance under the MDGs expressed positive progress in rural water supply usage and access at the global level, MDG indicators may hide a low level of local service, which may hinder progress under new SDGs coverage targets [2,3].



The SDG agenda makes the commitment to ‘leave no one behind’, in which attention and priorities are required for disadvantaged groups and the elimination of inequalities for service delivery [4]. To fulfil this, SDG target 6.1 states “Achieve access to safe and affordable drinking water”. This ambitious target moves from “halving the proportion without sustainable access” stated in MDG 7c to ‘universal access’ and recognises the importance of reducing inequalities as part of sustainable access. Affordability, a key aspect of equity [5], was initially included in the MDG target for water but later removed, as described by Bartram et al. [6]. Its importance was subsequently recognised for global SDG targets set post-2015 [7]. However, SDG 6.1 still reflects its predecessor (MDG 7c), as focus remains with global coverage of drinking water. Affordability is not reflected by the set indicator (SDG 6.1.1), which states “Proportion of population using safely managed drinking water service”. While the term ‘safely managed’ addresses the quality, availability, and accessibility of an improved source [8], the affordability of the improved source lacks consideration. This has implications for reducing poverty (SDG 1), particularly in low-income countries due to the synergy between the SDG targets [9,10]. Payment for services should not prevent access to clean water, however, there is no commonly agreed approach to defining affordability or its monitoring [4].



The efficient operations and maintenance (O&M) of infrastructure investments are key to fulfilling the SDGs. Discussion around the O&M of infrastructure is common in the rural water sector, and efforts into establishing service provision to conduct and finance O&M have been ongoing since the 1980s [11,12,13,14]. Technologies, national policies, and sector strategies for rural water supply have embraced the ‘village level operations and maintenance’ (VLOM) approach, most notably the development and standardisation of community handpumps [15,16]. However, the movement and argument that ‘communities are always capable of managing their facilities on their own’ has not solved the issues associated with rural water supply in SSA, with only two out of three handpumps working at a given time [17]. It is widely acknowledged that the community based management (CBM) approach to rural water supply is reaching its limits of what can be achieved through informality and voluntarism [12,18,19], particularly when policy dictates for long-term sustainability. Despite this recognition, CBM continues to be the dominant approach to rural water supply management in the sector, which requires professionalism and long term institutional support to mediate the challenges of participation [13,20].



It is well established in CBM that O&M is a continuous challenge for rural water service providers, and sustainability as the success is dependent on multi-dimensional factors, i.e., hydrogeological, socio-cultural, financial, and poor infrastructure [18,21,22,23]. The infrastructure and management of rural water service delivery are interlinked. Exploring the relationships between systems and influencing factors can improve the understanding of how these relationships contribute to water service delivery and system breakdown [24,25,26]. Rural communities and service providers that struggle to provide the required maintenance and major repairs required for operational sustainability will see a decline in service and unreliable sources that undermine the sustainability of service delivery [3,27,28,29]. This negative feedback loop highlights the need to continually support the community to ensure sustainability [4,13].



The lack of financial resources for O&M is one of the many issues that impact the long-term functionality of an asset. Tariffs are typically the primary financial mechanism to fund maintenance for the sustainability of rural water supply assets, which translate to user fees or household contributions [4]. Notably, user contributions may reflect payments upon breakdown, as action may only be taken upon water point breakdown [19]. Tariffs have generally been specified as no more than 3% of household income to reflect affordability within the human right to water. While this benchmark aims to address affordability, this is not guaranteed [30,31]. Furthermore, tariffs may be set to be affordable for users, but insufficient for sustainable service delivery, that may precipitate a high risk of a cycle of service decline, non-payments by users, and further service deterioration [20].



Acceleration towards the attainment and localizing the SDGs is increasingly important [32]. However, the balance between cost recovery and affordability is a complex dilemma when setting tariffs at the local level. Service providers and communities struggle with this balance in which additional financial mechanisms are required to reconcile from a human rights perspective [33]. This raises the question of the effectiveness of fulfilling SDG 6.1 when the balance of affordability and sustainable maintenance in the rural context are a perpetual challenge.



This study investigates the balance of affordability and O&M costs when tariffs are set by rural water service providers, and how these change over different management contexts. To achieve this, data for service providers and tariff coverage for the O&M of drilled boreholes equipped with Afridev handpumps across Malawi were examined. Variations in decentralised service provisions for these assets and the considerations when establishing tariffs and revenue collection were investigated. A binary logistical regression analysis permitted identification of significant explanatory variables for affordability and O&M cost considerations when setting tariffs at the local level.




2. Context, Materials and Methods


2.1. Study Context


This study was conducted across rural areas of Malawi. Approximately 84% of the country’s 18.6 million people are located in the rural setting, with more than 50% below the poverty line [34]. Groundwater exploitation is the primary water source for the rural communities and is commonly accessed through boreholes fitted with Afridev handpumps.



Like many other low-income countries in SSA, Malawi operates rural water service delivery under the CBM approach. The promotion of this model during the 1980s, as a route towards sustainable water supply access, acts to empower communities, but also requires voluntarily undertaking the management and financial responsibilities of service delivery [35]. Through this model, the capital expenditure of implementing rural water supply is covered by external actors while the O&M costs are covered by community based tariffs as a form of cost-recovery [18,36,37]. Malawian national policy and guidelines recommend tariffs are calculated by taking the assumed costs of supplying water over the estimated design life of 15 years (e.g., replacement of spare parts, transportation, preventative maintenance contracts, and total replacement) and the number of contributing households to establish a monthly tariff [38].



Malawian national policy is consistent with MDG 7c [39] that states, “To achieve sustainable provision of community owned and managed water supply and sanitation services that are equitably accessible to and used by individuals and entrepreneurs in rural communities for socio-economic development at affordable cost.” [40]. This also reflects aspects of SDG 6.1. Service providers for decentralised rural water supplies are primarily water point committees (WPCs), who typically contract a local area mechanic to conduct repairs out with any routine O&M conducted by the WPCs. The financial provision for O&M is accomplished through the aforementioned household tariffs, in which amount and frequency are agreed upon by the community [39,40,41]. While the policy positively reflects SDG 6.1, there are challenges with balancing affordability and O&M costs at the local level.




2.2. Data Collection


The Scottish Government Climate Justice Fund (CJF) Water Futures Programme has been working in partnership with the Government of Malawi since 2011, and currently aims to support the country in the achievement of SDG 6. The programme is evaluating the sustainability of all rural water supply assets in Malawi, in which data are collected and collated through the management information systems (MIS), mWater (www.mwater.co). This is accomplished through a water point functionality survey based on SDG 6 indicators and the Government of Malawi’s needs (see www.cjfwaterfuturesprogramme.com).



This study draws upon this dataset, specifically data on the types of service providers managing the assets, financial mechanisms for O&M (primarily in the form of tariffs), and details of the supplied communities. The surveys are subjected to rigorous quality assurance checks to ensure the accuracy of mapped water points and to reject any survey submissions that do not meet these quality checks. This is further described in Miller et al. [42] and Truslove et al. [3].




2.3. Dataset Sampling


This study investigates the types of decentralised service providers and the variations and trends in tariffs for water point O&M across the 28 districts in Malawi across the MDG period to date. The geographical coverage, primarily across the Southern and Central regions of Malawi, is detailed in Appendix A. A subset of 22,316 drilled boreholes equipped with Afridev handpumps was captured from the database for study. The Afridev is an approved technology of the Government of Malawi, and is the dominant handpump through standardisation [16,43], and thus chosen for study. This study focuses on MDG and SDG assets only, therefore, boreholes equipped with Afridevs installed before the beginning of the MDGs were excluded from the study, as this is out with the expected design life of the Afridev. Water points without a date of installation available were also excluded. Taps and piped supplies were excluded, as these fall under water boards primarily in the urban setting [8,44]. Some 84% of the population of Malawi use boreholes equipped with handpumps; the subset hence considers the dominant improved water supply technology in the rural setting [8].




2.4. Methods


Service provider data was interrogated to explore (a) if the supply had a service provider present for O&M, (b) the breakdown of service providers for O&M, (c) if the service providers set a tariff (which is defined as a user fee or household contribution), and (d) the number of water users the water point serves. The tariffs set by the service providers was captured, in relation to (a) the frequency of tariff collection, (b) the variations in the tariff amount, and (c) the costs considered when setting the tariff.



Where the number of users and tariff amount is considered, the raw dataset was consolidated into groups based on similarities in the data. User grouping was stated either above or below the design specification for population using the Afridev (up to 300 users). Where an accurate number is unavailable at the time of audit, the number of users is estimated at approximately 5 members per household (where the statistical average number of members per household in Malawi is 4.4 [45]). Tariff grouping was chosen within the aforementioned 3% of household income benchmark to reflect affordability, above or below 500 Malawian Kwacha (MWK) (approximately 0.66 USD, where 1 USD = 753.66 MWK, as of July 2019). This equates to 2% of household income in Malawi (25,000 MWK per month as of 2019), to account for fluctuating household income and inflation, and the median tariff value in the monitoring of the wider CJF dataset.



A binary logistic regression analysis was used to identify significant explanatory variables for ‘affordability’ and ‘O&M costs’ considerations when setting tariffs, using the statistical package SPSS (version 26). This allowed determination of the relationship between a dichotomous dependant (affordability considered = yes/no and O&M costs considered = yes/no) and an independent predictor variable (categorical or continuous), while controlling for all other independent variables in the logistic regression model. Unadjusted odds ratio indicates the bivariate relationship between the dichotomous dependent variable and the independent predictor variable. Multivariable adjusted odds ratio allows for the calculation of odds ratios in which the effect of the other independent variables is accounted for. Explanatory variables were selected based on their relevance to sustainability and the rural water service provider context established through the water point functionality survey, domains including:




	
Service Delivery—Describing the type of service provider and number of users.



	
Operational—Describing the age and functionality of an asset, preventative maintenance, and if spare parts are kept on site.



	
Financial & Cost Recovery—Specifying the tariff amount and frequency.



	
Geographical—Specifying the region of Malawi.








For the avoidance of doubt where functionality was included, functional describes a water point in operational condition providing water according to design specifications, partially functional describes a water point providing water in a reduced capacity (e.g., repairs required, changes in site, seasonal variations, etc.), and non-functional describes a water point no longer providing water on a regular basis at the time of audit. It is acknowledged in the analysis that the term functionality provides a temporal snapshot indicator for sustainability [24].



Data was cleaned to remove statistical outliers (e.g., abandoned water points), unlikely values (e.g., tariff amount equals zero where a tariff is reportedly in place), and missing data in the explanatory variables. Furthermore, explanatory variables were tested for multicollinearity by calculating the variance inflation factors. The analysis was designed to identify significant explanatory variables rather than to find a predictive model with the ‘best’ fit.





3. Results and Discussion


3.1. Decentralised Service Provision


Table 1 shows the breakdown of service providers for rural drilled boreholes equipped with Afridevs, and whether these service providers establish tariffs for the O&M of these community handpumps. Service provision may differ across rural water service delivery areas. While policy states the service providers for rural water supply consist of WPC’s and a local area mechanic, not all service providers conform to the national policy.



A small percentage of the dataset (5.38%) lack a service provider for the asset, where service provision has broken down or has not been established at all. CBM is typically attributed to two aspects that dictate the functionality of water supply assets: ‘Hardware’, which identifies the physical infrastructure, and ‘software’, which identifies the governance to maintain the physical hardware [36]. While often treated separately, these are in fact interlinked and important for the overall sustainability of service delivery [46]. The lack thereof resulting in declining functionality and early breakdown without service providers to conduct O&M [3,18,46].



The presence of service providers alone does not ensure sustainable functionality across the design life of an asset. Of the service providers that are present to conduct O&M (94.62% of the total dataset), 17.88% do not have tariffs set for O&M (Table 1). Suggesting a lack of support for service providers to establish a tariff in the first instance or a tariff was set, but is no longer present due to impactful factors such as the willingness to pay.



Table 1 shows WPCs are widely present in both single service providers and multiple service providers (alongside Area Mechanic) complying with Malawi national policy. Area Mechanics act as the service provider in 5.19% of singular cases where WPCs are not present. Community members also act as the service provider in 2.01% of cases, in which a significant proportion do not set tariffs compared to WPCs and Area Mechanics. The importance of support for governance and sustainability is hence inferred.



Two thirds of institutions (i.e., health facilities, schools, religious organisations) have not established tariffs for their assets (Table 1). This is possibly attributed to the more structured approach of institutions when compared to other CBM stakeholders. It is possible O&M funding is within the normal operational budget of these institutions, therefore, tariffs are potentially not required at these sites. If the latter is not the case, under the decentralised CBM policy this would result in inconsistencies within aggregate statistics. Moreover, the lack of tariffs and subsequently O&M of assets could result in an overall decline of service delivery. Support for service providers is essential to ensure an appropriate life-cycle is achieved for water supply assets and to avoid the non-functionality of water points, and decline of serviceability [46].



Where single service providers are present, the majority conform to the specifications of rural water supply management in Malawi as WPC’s make up the majority of service provision (79.51%). Where multiple service providers are present, the WPC or Area Mechanic are one of the established service providers (n = 2110, 99.99%). It is assumed a tariff is paid to either one of these, however, the presence of multiple service providers has the potential to create confusion for water users as to whom to pay the tariffs to. This may exacerbate problems associated with willingness to pay by contributing users if clear lines of accountability are not evident. This problem will be compounded if processing charges for tariff collection are levied by individual service providers, essentially duplicating and increasing costs. Establishing service provision that conforms to national policy is important. However, service provision may deteriorate due to various complexities, and in some cases, may not be established in the first instance. Where service provision is present for a rural water supply asset, it may not reflect exactly what is stated within policy and guidelines. As a result, cost recovery through tariffs for O&M and sustainability varies significantly.




3.2. Frequency of Tariff Collection


A proactive, preventative approach to maintenance is crucial for ongoing sustainability as emphasised in CBM, but rarely conducted [19]. The frequency of tariff collection can impact the potential financial resources available to conduct vital O&M, and varies across site specific circumstances. Frequency of the tariff collection is therefore an important aspect of the life-cycle costing of rural water supply assets. Table 2 presents the distribution of the frequency of tariff collection by the number of users and tariff amount. Where, single frequency refers to a collection by the service provider on a specified occasion (e.g., collection once per month) and multiple frequencies refer to a collection by the service provider on more than one specified occasion (e.g., once per month and when required for repairs). Figure 1 and Figure 2 indicate the breakdown of single and multiple tariff collection frequencies by the number of users and tariff amount, respectively.



3.2.1. Frequency Distribution by Users


Tariff collection behaviour differs between the two user groups, the first up to the design limit of the Afridev (≤300 users), and the second above the design limit of the Afridev (>300 users). Figure 1 demonstrates that as collection becomes less frequent, the distribution between the two user groups moves from a greater weight on ≤300 users for more frequent tariffs, to a greater weight on >300 users for collections per year. As users increase, the tariff collection for repairs as required also notably increases. This suggests that as usage increases above the design limit of the Afridev, tariff collection trends towards a reactive approach to maintenance. Usage within the design limit is more reflective of a proactive approach with tariffs collected more frequently. Where multiple tariff collection frequencies occur, weighting trends towards >300 users (Table 1 and Figure 1).



The number of users at a water point fails to denote that all users contribute, but ideally each user household contributes as defined in Malawian policy (that a tariff is collected per household [40]). Households commonly obtain water from multiple sources despite the global monitoring focus on access to one source of water supply [47]. Sub-standard installations that are subject to premature breakdown, seasonal variations, and poverty can result in users relying on unimproved or multiple improved sources in other service areas [3,48,49,50,51]. This may contribute to the number of users increases above the design limit of the Afridev (300 users).



Assets that are treated as secondary sources may be treated as free and not receive financial contributions from those users. Furthermore, the perception that a neighbouring community’s water supply is free water may impact the willingness to pay of primary users. This impacts the potential financial resources available for O&M, which could attribute to tariffs collected on a reactive basis for maintenance to meet immediate costs to reinstate operations at non-functioning assets when usage is above the intended design. These results underline the shortcomings of single source monitoring, due to the influence multiple source behaviours have for practitioners and stakeholders when establishing and financing service delivery.




3.2.2. Frequency Distribution by Tariff Amount


Table 2 demonstrates single tariff collection frequencies dominate 95.61%, of which the three most common occurrences are collections ‘per month’ (47.13%), ‘repairs required’ (22.94%), and ‘per year’ (18.48%), as demonstrated in Figure 2. Multiple collection frequencies are a minor occurrence with only 4.40% of the total dataset, and only 7.18% of multiple frequencies above 500 MWK.



As tariffs are collected less frequently, the weighting slightly increases to >500 MWK. Figure 2 demonstrates ‘per year’ with the highest weighting above 500 MWK (21.42%). This is to be expected for larger tariffs collected in fewer instances across the life-cycle of the water point to accommodate the annual life-cycle costs. However, as the majority of tariffs collected per year are similar in value to those collected per month, the annualised financial resources available significantly differ. For example, if 500 MWK is collected per month, this cumulatively results in 6000 MWK per annum, compared to a tariff at 500 MWK collected per year. This has implications for the potential financial resources available for O&M across the life-cycle of an asset, and could result in premature failure if no maintenance is conducted. This is further complicated by water user’s willingness or ability to pay the tariff and pay on time. Therefore, financial contributions may be sought at a time when the need is most apparent to users, such as tariffs collected when repairs are required (Figure 2) due to water point failure.



Foster and Hope [52] investigates this community behaviour to water point payment over a large timescale and dataset in rural Kenya. Households were not always able to pay towards tariffs, demonstrating a lack of affordability, or were unwilling to contribute. This may be indicative of the complex socio-cultural nature and risk factors for water point sustainability throughout rural SSA [13,24,27,53]. Considerations when setting these tariffs may be inherently different depending on the contextual factors of the rural communities that have implications for sustainability and fulfilling the 2030 agenda. These financial responsibilities and burdens in this complex rural environment require ongoing external support and monitoring [11].





3.3. Considerations When Setting Tariffs


Table 3 shows the distribution of one or multiple factors that are considered when setting tariffs by the number of users and tariff amount. Figure 3 and Figure 4 indicate the breakdown of these factors by the number of water users and tariff amount, respectively. It is crucial to identify what factors service providers consider when setting tariffs when reflecting on the country’s national policy and the SDG agenda to ‘leave no one behind’.



While a single tariff consideration dominates the dataset, multiple considerations also make up a significant proportion (26.89% when users are considered and 26.86% when the tariff amount is considered). In both singular and multiple considerations, the dataset provides valuable insights into what service providers hold most important when setting the tariffs; affordability and maintenance.



3.3.1. Considering Affordable and Maintenance Driven Tariffs


Affordability and maintenance costs dominate tariff considerations, across user and tariff categories, with affordability being a greater consideration when the population is within design specifications. This trend is reflected where multiple considerations (Figure 3 and Figure 4 where considerations are ‘=2’) are examined, as the combination of affordability and maintenance costs contribute to the majority of occurrences for users and tariffs (n = 3986 and n = 3995 respectively). These suggest that service providers consider tariffs as sufficient to maintain assets when ‘affordable’ financial contributions are made from households.



Figure 3 demonstrates that maintenance related costs are more considered when usage is above the design limit. O&M costs (which can include both ‘operations costs’ and ‘maintenance costs’ considerations) shows a slightly larger split towards >300 users, while affordability indicates ~10% greater weighting towards ≤300 users. This suggests that when usage is within the design limit, there is more incentive to ensure willingness to pay of tariffs. With greater use above the design, maintenance costs are more common, resulting from greater wear and tear, and more frequent repairs.



The results present a dominance of tariffs ≤500 MWK, as the primary choice for rural water supplies. This suggests that ≤500 MWK is what rural service providers consider to be affordable for contributing households, however, the annualised financial resources to cover the maintenance costs in their service delivery area vary significantly (Section 3.2.2). Any of the occurrences that express >500 MWK are primarily maintenance based considerations, or where there is more than one consideration when setting the tariff.




3.3.2. Considerations for Long Term Sustainability


Total replacement accounts for a small number of the financial considerations recorded (Figure 3 and Figure 4). Capital Maintenance Expenditure (CapManEx), which accounts for costly major repairs and rehabilitation, is an essential part of the life-cycle of assets which goes beyond routine minor O&M to keep services running [54,55]. These costs are recommended to non-community external support as reflected in Malawian national policy [40] and rely on NGOs for funding [3,56,57]. Total replacement costs are seldom considered when setting the tariffs (n = 135) with a slightly larger weighting towards >300 users, suggesting the acknowledgement of increased burden on infrastructure from increased usage (Figure 3). This small number supports the conclusion that CapManEx/Rehabilitation costs are not a primary concern of service providers. The results endorse the understanding that rehabilitation (excluding maintenance) is regarded as the start of a new service, is not considered in either pre or post construction of assets [17,58]. Tariffs at the local level can fulfil O&M requirements, however, these are unlikely to be sufficient for total cost recovery and rehabilitation [4]. The sustainability of rural water supply is further at risk when rural assets are without appropriate O&M, and prematurely fail after 5 years as described by Baumann [41]. This results in early rehabilitation to bring the service back up to an operational standard.



The balance of cost recovery and affordable water payments is crucial for fulfilling the SDGs that will require increased financing and development assistance, to bridge the funding gap in low-income countries [59]. This has led to affordability schemes throughout the sector to support service delivery. Financing strategies such as microfinance [4] and permaculture [60] can contribute to a reduced financial burden, however, government or external support is fundamental for these to be sustainably successful service delivery initiatives. WHO [33] describes evidence in Zimbabwe of affordability schemes, in which the three most common are government subsidies, reduced tariffs for disadvantaged groups, and block tariffs. However, the urban and rural contexts are also important considerations, as is the case in the mix of these affordability schemes. Capital and rehabilitation costs are reportedly covered through government investment, while preventative O&M is financed by water users. While this is described as an ‘affordability scheme’, it reflects the CBM approach prevalent within Malawi.



The prevalence of ‘one time investment’ for rural water supplies, as evident here, only cover the immediate need and not sustainability or growth [12,27,61]. These results highlight the importance of modelling service provision and the service delivery context alongside water supply assets to better understand the service delivery [24,62,63] and to assist fulfillment of all aspects of SDG 6.1.






4. Binary Logistic Regression—Affordability and O&M


The descriptive statistics for the explanatory variables supporting the binary logistic regression analysis are expressed in Table 4. These present the distribution for the most common considerations when setting tariffs, affordability and O&M costs. The results of the binary logistic regression analysis, that allow for the identification of significant explanatory variables of these considerations, are expressed in Table 5 (affordability) and Table 6 (O&M costs—which include both ‘operations costs’ and ‘maintenance costs’).



4.1. Service Delivery—Service Providers and Maintenance


In the multivariable results, Area Mechanics had 1.629 times higher odds of considering affordability (95% CI: 1.394–1.903) and lower odds of considering O&M (OR: 0.366, 95% CI: 0.313–0.427) compared to WPCs when setting tariffs. This may be considered counter intuitive, as the Area Mechanic under CBM policy conduct repairs out with routine O&M, therefore it would be expected O&M costs would be a driving consideration. However, 46.51% of Area Mechanics considered O&M costs, while 63.91% considered affordability (Table 4). This can be attributed to the nature of the Area Mechanic in the government structure, as the financial contribution is agreed between the community and the Area Mechanic. Challenges arise as Area Mechanics balance social obligations, resulting in voluntary work, and economic relationships with the community in their service delivery area [64].



Community members display lower odds of considering O&M costs compared to WPCs in the multivariable regression (Table 6). This is further evident from descriptive statistics in Table 4, where 68.21% of WPCs consider O&M compared to the 61.75% of community members. This accords with the literature, where lack of external support and training results in an ineffective system for ensuring quality maintenance and savings for O&M [11,12,15,19,46]. Multiple service providers displayed 1.531 times higher odds of considering O&M (95% CI: 1.339–1.751) and 2.397 times higher odds of considering affordability (95% CI: 2.121–2.709) than solely WPCs. Here, multiple service providers primarily consist of both WPCs and Area Mechanics (Table 1) who express 71.72% of cases considering affordability compared to 52.21% and 63.14% of solely WPCs or Area Mechanics respectively (Table 4).



Conducting preventative maintenance displayed higher odds of considering affordability and O&M costs than when unconducted. This was expected as affordable maintenance and repair is a crucial factor to ongoing functionality, discussed at length by Whaley et al. [65]. There is a risk of preventative maintenance being perceived as a redundant exercise to service providers if a water point is operational [19,57,66] as when water supplies are built correctly they can last for years without issue. As depreciation of infrastructure is evident with usage [3,27,41], preventative maintenance is necessary for the continued sustainability of infrastructure. This is reflected in the regression analysis as users above the design limit had higher odds of O&M cost considerations than below, the inference being that service providers recognize the challenge of meeting the increased maintenance requirements. In the univariable and multivariable analysis, keeping spare parts on site had higher odds of considering O&M costs (Table 6) and lower odds of considering affordability in the univariable analysis (Table 5), than when spare parts weren’t kept on site. This is consistent with evidence, as access to spare parts is a significant factor for the continued functionality and sustainability of waters supply, and crucial for the timely repairs of breakdowns [13,27,67]. These results provide further evidence on the importance of continued post-construction support to achieve and mediate the trade-offs within the SDG agenda. Where, service provider training, preventative maintenance approaches, and supply chains mediate the challenges for sustainable water supply delivery and financing.




4.2. Financial Resources—Tariff Frequency, Tariff Amount, and Users


Less frequent tariff collections display a notably higher distribution of considering O&M compared to considering affordability (Table 4). Tariffs collected per year have lower odds of considering affordability (OR: 0.615, 95% CI: 0.555–0.682) and higher odds of O&M (OR: 2.397, 95% CI: 2.127–2.702) than tariffs collected per month in the multivariable analysis. This suggests less frequent tariffs focus on crucial O&M to ensure continued service delivery when repairs and decline of service delivery may be more evident. A similar trend is presented for the tariff frequency when required for repairs, where there were lower odds of considering affordability (OR: 0.598, 95% CI: 0.537–0.666) and higher odds of considering O&M (OR: 2.411, 95% CI: 2.131–2.727), than tariffs collected per month. This was expected due to the nature of payment upon breakdown when the need for repair is high. The tariff amount displays no association with affordability and O&M costs for both the univariable and multivariable regression. This indicates frequency of collection is the primary association between the tariff and the consideration variables rather than the annualized amount.



Users above the 300 user threshold display lower odds of considering affordability while expressing higher odds of O&M costs being considered than below. When usage is greater than the design limit of the Afridev (300 users), additional wear and tear contributes to depreciation of the infrastructure, particularly when willingness to pay and secondary sources are established problems for collecting financial resources (Section 3.2.1). This may attribute to increased odds of considering O&M costs in the set tariffs and decreased odds of affordability compared to usage within the design limit. Furthermore, while there are potentially more households able to contribute towards the O&M of the assets, the increased operational demand results in tariffs reflecting O&M related costs to accommodate the increased wear and tear. This does not suggest that affordability is less relevant or becomes less important as user numbers increase, but rather suggests an increased focus on the O&M costs. This brings into question if the tariffs collected by fewer contributing households are capable of meeting the O&M requirements of the assets. The results thereby suggest that the number of users at a water point can identify potential trade-offs in the financing of services that impact sustainable service delivery and could hinder the fulfilment of the SDGs.



The revenue collected for the maintenance of assets is crucial towards continued functionality [27,65]. Communities that have available financial resources available are less reliant on external support [65,68]. However, annualized financial resources vary significantly, and the regular collection of tariffs are very rarely set to reflect the life-cycle costs of the handpump [69]. Service providers are thus presented with sustainability issues when tariffs do not reflect the life-cycle costs of the water point and households that avoid payments. Understanding how users value water, i.e., reliability, quality, and accessibility, and creating that value is imperative to ensure water payment and deliver sustainable service delivery in the SDGs, rather than solely reducing costs [70].



The tariff amount, frequency of collection, and potentially contributing users can dictate the potential financial resources available for O&M. It is recommended that further study investigate how this varies and meets the life-cycle cost of water supply assets. Furthermore, various demographics and disadvantaged groups are notable factors when considering water payments [71], alongside the willingness to pay the tariffs set by service providers. It is recommended that these contexts be further investigated to identify their significance on rural water service providers considering affordability in the tariffs set. Understanding what tariffs are considered affordable is an important factor for implementing and supporting rural water service delivery and achieving the SDG agenda.




4.3. Malawian Assets—Region, Age, and Functionality


All three regions of Malawi display a higher distribution of cases considering O&M costs compared to considering affordability in the tariffs that are set (Table 4). In the univariable analysis the Central region had lower odds of considering affordability (OR: 0.853, 95% CI: 0.798–0.911) and had lower odds of considering O&M costs in the multivariable analysis (OR:0.598, 95% CI: 0.551–0.649) compared to the Southern region. There is no significant association between the age of the water point asset and considering affordability or O&M costs.



No significant association of considering affordability nor O&M costs was displayed when comparing functional assets and non-functional assets. The multivariable analysis displayed 1.413 times higher odds for considering affordability for partial functionality (95% CI: 1.297–1.539) compared to functionality. Considering affordability when setting tariffs may have an impact on the potential financial resources available for crucial O&M for continued sustainability. However, affordable tariffs do not directly result in a decline of service delivery, as depreciation and sub-standard infrastructure that have higher O&M costs can be attributed to the decline of functional assets across Malawi [3,29]. This is further supported by the descriptive statistics in Table 4, as partial functionality displays the highest number of cases considering affordability (60.12%) alongside the highest number of cases considering O&M costs (69.70%). This provides evidence of the service delivery challenges faced by rural water service providers who inherently balance affordability and O&M costs when tariffs are set, while maintaining sustainable services.




4.4. Limitations


This study was undertaken using a large and detailed dataset. The results presented are statistically significant within the Malawi context. However, in addition to the caveats associated with logistic regression analysis regarding omitted variable bias, the results and interpretations of this study are subject to limitations. First, only data concerning sampling of Afridev handpump boreholes within the MDG period was used. While this considers the dominant improved water supply technology in the rural setting, older systems and other water supply technologies that have variable life-cycle costs were omitted. Second, at the time of evaluation, the Northern region showed less information available compared to the Southern and Central regions of the country. Therefore, it is possible the results are not fully representative of the Northern region. Third, the annualised tariff amount respective of frequency of collection requires an assumption for reactive payments (i.e., when required for repairs) due to the difficulty in predicting water point breakdown. Finally, the functionality of the water points is acknowledged to be a temporal snapshot for sustainability (Section 2.4) and can be variable across the life-cycle. This means tariff frequency and amount may also vary according to site specific circumstances.





5. Conclusions


Tariffs in the form of household contributions have been the primary financial mechanism for sustainably maintaining rural water supplies, however, balancing affordability and O&M costs at the local level has been challenging. This paper provides insights into the setting of tariffs in Malawi for decentralised rural water supplies, that have implications for monitoring the service provision of assets and ultimately meeting SDG 6.1.



The breakdown of service provision primarily conforms to CBM and Malawian national policy in the form of WPCs. A proportion of water supply assets have no service provider or no tariff set for O&M, reinforcing the case for universal post-construction support. Tariffs are primarily collected per month, per year, and when required for repairs across rural Malawi. Potential financial resources hence vary across the water points life-cycle, resulting in implications for long term sustainability and maintenance practices. Long term sustainability is further challenged as tariffs are unlikely to be sufficient for maintaining and eventual, or premature, rehbailitation or replacement of assets.



The results of the binary logistic regression analysis demonstrate significant explanatory variables associated with the most common considerations identified by the results, affordability and O&M costs, in both univariable and multivariable adjusted models. Notable drivers behind these considerations include the frequency of tariff collection and the number of users. In particular, less frequent tariffs and usage above the design limit of the Afridev (300 users) had lower odds of considering affordability and higher odds of considering O&M costs, than tariffs collected per month and within the design limit. This highlights the potential trade-offs in the financing of services due to over usage that can hinder the achievement of the SDGs. Considerations are also influenced by the type of service provision. Area Mechanics are less likely to consider the O&M costs and more likely to consider affordability compared to WPC’s, while community members are less likely to consider O&M costs compared to WPC’s, supporting wider evidence for post-construction support and training. The results further suggest a recognition by service providers of the increased maintenance challenges. Increased usage, conducting preventative maintenance, acquiring spare parts and the collection of tariffs when repairs are required indicate an increased likelihood of considering O&M costs in tariffs. Overall, the balance of affordability and O&M costs is a noticable challenge throughout the results for the various service providers in the tariffs that are set, that have implications for ensuring sustainable service delivery.



Reflection is required into how affordability is established in Malawi and as an indicator of the SDGs. As MDG 7c disregarded affordability as an indicator, it is crucial for SDG 6.1 to address this indicator by looking outside the established models of rural water supply, such as CBM, and consider the context in which user contributions are established. While there are numerous factors when setting tariffs, the priorities of decentralised service providers may drastically differ across contexts and diverge from the required life-cycle costs of assets. Furthermore, tariffs that are considered affordable in one context may not be considered affordable in another. Successful sustainable services require investment to go beyond solely water access, into the monitoring and supporting of the financial and operational requirements of O&M. This is to ensure payment for services does not prevent access to clean water and breaking the cycle of poverty within the SDG agenda.



Further research should address how the trends in tariffs under decentralised service provision varies socio-geographically and environmentally. Determining the influence local socio-cultural contexts have on service providers is important for establishing affordable financial mechanisms for O&M and reflecting the targets of SDG 6.1.
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Table A1. Distribution of Afridev handpump boreholes (n = 22,316) as of 25 April 2019.






Table A1. Distribution of Afridev handpump boreholes (n = 22,316) as of 25 April 2019.





	
Region of Malawi

	
District of Malawi

	
n

	
% of Total Data Set






	
Southern

	
Balaka

	
1126

	
5.05




	
Blantyre

	
1033

	
4.63




	
Chikwawa

	
1039

	
4.66




	
Chiradzulu

	
504

	
2.26




	
Machinga

	
1012

	
4.53




	
Mangochi

	
2953

	
13.2




	
Mulanje

	
389

	
1.74




	
Mwanza

	
337

	
1.51




	
Neno

	
175

	
0.78




	
Nsanje

	
327

	
1.47




	
Phalombe

	
527

	
2.36




	
Thyolo

	
841

	
3.77




	
Zomba

	
1363

	
6.11




	
Total of Southern

	
11,626

	
52.1




	
Central

	
Dedza

	
1377

	
6.17




	
Dowa

	
1299

	
5.82




	
Kasunga

	
1164

	
5.22




	
Lilongwe

	
3179

	
14.2




	
Mchinji

	
504

	
2.26




	
Nkhotakota

	
679

	
3.04




	
Ntcheu

	
1207

	
5.41




	
Ntchisi

	
419

	
1.88




	
Salima

	
646

	
2.89




	
Total of Central

	
10,474

	
46.9




	
Northern

	
Chitipa

	
9

	
0.04




	
Karonga

	
28

	
0.13




	
Likoma

	
3

	
0.01




	
Mzimba

	
85

	
0.38




	
Nkhata Bay

	
14

	
0.06




	
Rumphi

	
28

	
0.13




	
Total of Northern

	
167

	
0.75




	
No data

	
-

	
49

	
0.22




	
Total

	
-

	
22,316

	
100
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Figure 1. Frequency of tariff collection by no. of users. 
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Figure 2. Frequency of tariff collection by tariff amount in (MWK). “Other” tariff collection frequencies of n = 16,670 include: Per unit of water—litre/bucket/jerry can (n = 123, 0.74%), Flat fee plus fee per unit (n = 64, 0.38%), Per week (n = 53, 0.32%), Per day (n = 11, 0.07%). 
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Figure 3. Considerations when setting tariffs by no. of users. 
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Figure 4. Considerations when setting tariffs by tariff amount (MWK). 
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Table 1. Breakdown of service providers and the tariffs set, n = 22,316.
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Service Provider

	
Service Provider Variable




	
w/ Tariff

	
w/o Tariff




	

	
Variable

	
n

	
%

	
n

	
%

	
n

	
%




	
Established 1

	
No

	
1162

	
5.38

	
-

	
-

	
1162

	
100




	
Yes

	
20,456

	
94.62

	
16,796

	
82.11

	
3657

	
17.88




	

	
Total
