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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 8388

This paper is a product of the Water Global Practice. It is part of a larger effort by the World Bank to provide open access 
to its research and make a contribution to development policy discussions around the world. Policy Research Working 
Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at Landres@worldbank.org.  

This paper utilizes information from the 2015 Nigeria 
National Water and Sanitation Survey to identify the extent, 
timing, as well as reasons for the failure of water points. The 
paper finds that more than 38 percent of all improved water 
points are nonfunctional. The results indicate that nearly 27 
percent of the water points are likely to fail in the first year 
of construction, while nearly 40 percent are likely to fail 
in the long run (after 8–10 years). The paper considers the 
reasons behind these failures, looking at whether they can or 
cannot be controlled. During the first year, a water point’s 

location—the political region and underlying hydroge-
ology—has the greatest impact on functionality. Other 
factors—specifically, those that can be controlled in the 
design, implementation, and operational stages—also con-
tribute significantly. As water points age, their likelihood of 
failure is best predicted by factors that cannot be modified, 
as well as by the technology used. The paper concludes 
that, to improve the sustainability of water points, much 
can be done at the design, implementation, and opera-
tional stages. Over time, technology upgrades are important.
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1. Background

Evidence indicates that freshwater ecosystems are undergoing rapid change around the world. Due 

in part to urbanization and an overall increase in pollution, clean water will be increasingly unavailable, 

particularly in developing economies (Steele, forthcoming; Hoekstra et al., 2012). A lack of functional 

infrastructure, including for drinking water and sanitation, could constrain economic growth (Agenor, 2010; 

Barbier, 2004). Evidence also indicates that infrastructure—including water and sanitation—is likely to 

offset moderate macroeconomic shortcomings at the initial stages of economic development (Moller and 

Wacker, 2017; Gibson and Rioja, 2017).  

In many developing countries, the non-functionality of water points is a major problem, and this 

trend is particularly pronounced in Sub-Saharan Africa. Evidence of water points’ failure has been 

documented by a number of studies. In countries such as Tanzania (Gill and Flachenburg, 2015; Gill, 2014) 

and Ghana (Fisher et al., 2015), several water points, including hand pumps, fail frequently. The situation 

is similar in Mozambique (Jansz, 2011) and Uganda (Nekesa and Kulanyi, 2012). 

In this paper, we use locally weighted scatterplot smoothing (LWSS, “Lowess smoothing” of 

running-line least squares), logit regression analysis, and Shapley decomposition to analyze the extent, the 

timing, and the reasons for the failure of water points in Nigeria. Our analysis indicates that, in the first 

year, a water point’s location—both the political region and the underlying hydrogeology—has the greatest 

impact on functionality. Other factors that can be controlled in the design, implementation, and operational 

stages (maintenance, for example) also contribute significantly to failure rates. Furthermore, as water points 

age, the likelihood of their failure is best predicted by factors that cannot be modified, as well as the 

technology used, while repair and maintenance decline in importance.  

The paper proceeds as follows. First, we discuss the particular context of Nigeria, before offering 

an overview of the literature behind this study. In Section 4, we discuss the methodology and data used to 

analyze and predict the failure of water schemes. In Section 5, we present our results. In Section 6, we 

conclude. 
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2. Nigeria’s Context 

 

Access to water supply, sanitation, and hygiene (WASH) services in Sub-Saharan Africa is limited: 

319 million people in the region did not have access to improved water, and 694 million lacked access to 

improved sanitation facilities in 2015. Evidence suggests that limited or no access to WASH services 

adversely impacts development outcomes such as health, limits access to educational and economic 

opportunities, and hampers work efficiency and labor productivity (World Bank, 2016). 

Nigeria, with a population of 182 million, is the largest country in Sub-Saharan Africa (World 

Bank, 2017). It has also been one of the fastest-growing economies in the region in recent years: the gross 

domestic product (GDP) quadrupled between 2005 and 2015. However, the country has had limited success 

in reducing poverty, most likely because of three factors: (1) economic growth has been negated by high 

rates of population growth, (2) there has been no large-scale creation of jobs and other opportunities for 

citizens, and (3) the inequality gap is widening rapidly. A number of other key indicators, such as measures 

of the accumulation of physical and human capital and households’ access to basic services, suggest that 

Nigeria is lagging behind other countries in the region, despite its impressive GDP growth (World Bank, 

2017).  

In 2000, Nigeria had an estimated 224 trillion liters of surface water and 50 million trillion liters of 

groundwater for an estimated population of about 128 million. About 6 billion liters were consumed in 

2001, which suggests an abundant water resource potential (Akujieze et al., 2003). But the country faces 

significant obstacles to utilizing its water potential: (1) available hydrogeological base maps are of poor 

quality, and hence not of much use in helping the government develop a water exploration and extraction 

plan, (2) knowledge of the Nigerian geological terrain is poor, (3) there is a lack of infrastructure facilities, 

and (4) there is no working legislature (Serrao-Neumann et al., 2017; Adekalu et al., 2002; Sene and 

Farquharson, 1998; Owolabi and Omotola, 1994). These problems significantly hinder the exploration, 
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exploitation, operation, control, and management of Nigeria’s abundant groundwater resources. As a result, 

there is increasing dependence on harvesting rainwater (Nnaji and Mama, 2014; Ishaku et al., 2012). 

Nigeria’s rates of access to WASH services are below those seen in many other Sub-Saharan 

African countries. Fifty-seven million people in Nigeria live without access to improved water. As many 

as 130 million do not meet the Millennium Development Goal (MDG) standards for sanitation. Poor 

sanitation costs the country 455 billion naira ($2 billion) per year. These problems persist although the 

country has achieved the MDGs for water (WHO/UNICEF, 2015). 

Nigeria’s urban areas have considerably better access to water and sanitation than its rural areas 

(World Bank, 2017). However, rapid rural-urban migration is placing significant strain on urban water 

infrastructure (Barbier and Chaudhry, 2014). For instance, the capital city of Abuja is a key destination for 

rural migrants seeking better employment and safety. The city is trying to provide water and sanitation 

services to a rapidly growing number of people, across disparate neighborhoods (Abubakar, 2014). A 2012 

study indicated that the city’s water scheme would no longer be adequate to meet the total water 

requirements of the entire city in 2015, even operating at full capacity (Idowu et al., 2012). Hence, the 

scheme must be expanded to meet residents’ demand for potable water. Lagos, too, suffers a lack of potable 

water. (For a dynamic approach to modeling the future urban land-use scenario in Lagos, see Barredo and 

Demicheli, 2003.) Oyo State has suffered water contamination due to equipment failure (Sangodoyin, 

1993). In the face of such problems, the impacts of community water and sanitation programs in Nigeria 

are limited. Many are abandoned prematurely because of numerous institutional and economic factors. In 

short, the delivery and maintenance of WASH services continues to be a major problem in the country 

(Ademiluyi and Odugbesan, 2008). 

As the global community moves toward achieving the Sustainable Development Goals (SDGs), it 

is vital to evaluate Nigeria’s current state of water and sanitation access to facilitate the development of 

effective policies and interventions to address present shortcomings. These efforts need to be targeted at 

the most vulnerable segments of the population, specifically those who live in poverty. The analysis and 

results presented here will therefore be of interest to policy makers and other key stakeholders in Nigeria. 
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3. Literature Review 

 

A review of relevant surveys (Wilson et al., forthcoming) indicates that: (1) there is no widely 

agreed upon definition for water point functionality, and hence it is difficult to compare the results of 

various surveys, and (2) most surveys use the binary definition of “working” or “not working”, although 

some do refer to “partial functionality.”2 A World Bank study (forthcoming) analyzes a range of indicator 

sets from countries and development partners, including 20 national monitoring systems and 20 monitoring 

frameworks from donors, and propose a shortlist of indicators and associated metrics as a global framework. 

This framework uses three broad sets of sustainability indicators relevant to (1) service levels (the 

characteristics of water that users receive); (2) functionality (the physical condition and functioning of a 

supply system); and (3) upkeep (those factors, including external backup support, that affect the 

performance of the service provider in its roles of operation, maintenance, and administration). 

Literature on water point functionality in Nigeria is virtually nonexistent. A recent study of the 

causes of water schemes’ non-functionality (Andres et al., 2018) shows that 30% of schemes failed within 

their first year of operation, and more than 55% were not operational after 10 or more years. To identify 

the relative importance of each driver of failure in the different phases of a scheme’s life span, the analysis 

considers three phases—short term (the first year after installation), medium term (between three to six 

years after installation), and long term (more than eight years after installation). This is to better understand 

how different factors—such as hydrogeology, technology, location, size, management, and maintenance—

affect a scheme’s performance across its life span. During the first year of operation, factors that can be 

controlled in the design, implementation, and operation stages predict the failure of 61% of water schemes. 

As water schemes age, their likelihood of failure is best predicted by those factors that cannot be modified, 

as well as by those that can be controlled during the operational stage. Meanwhile, the share of failures 

linked to factors such as repairs and maintenance decreases slightly. Thus, if water schemes are more 

                                                            
2 http://nora.nerc.ac.uk/514658/1/Handpump.pdf.  
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carefully attended to during the design, implementation, and operational stages, it is possible to drastically 

reduce their failure rates.  

While studies that analyze the causes of water scheme failure in Nigeria are virtually nonexistent, 

there are a few studies on sustainability. One study of community water and sanitation programs suggests 

involving all stakeholders in a collaborative process, with a view toward ensuring long-term sustainability 

(Ademiluyi and Odugbesan, 2008). For example, in the state of Akwa Ibom, a lack of maintenance, poor 

community participation, little or no coordination and cooperation among stakeholders, political factors, 

inefficient monitoring, and a lack of maintenance and oversight of public property were all responsible for 

the unsustainability of the rural water supply (Ibok and Daniel, 2014). A study of the Niger Delta (Ihuah 

and Kakulu, 2014) proposed a post-project management approach. This approach can effectively monitor, 

assess, link, and integrate the implementation and post-operational management of hand pumps along with 

community management.  

Outside Nigeria, a few studies of water point functionality have been undertaken over the past four 

decades. A summary of the literature, including the countries studied, year of study, and the rates of non-

functionality, is presented in Table 1 (Annex). In the developing countries surveyed around the world in 

the 1970s and 1980s, over 50% of water points were non-functional. More recent studies and surveys 

indicate that the percentage of failing water points has declined. Between the 1980s and 2010s, failure rates 

were generally under 40%. The two exceptions are Tanzania (WaterAid, 2009), where this rate was 54%, 

and Ethiopia, where it was 43% (Table 1). But these results should be interpreted with caution since the 

number of studies involved is small and some cover only a small portion of each country. 

A few studies specifically focus on the causes of hand-pump failures in Sub-Saharan Africa. Hand 

pumps are generally of five types: suction, direct action, deep-well reciprocating, progressive cavity rotary, 

and displacement (Harvey and Reed, 2004). The critical issues that can undermine their sustainability are 

institutional, social, technical, environmental, and financial/economic in nature (Parry-Jones et al., 2001). 

One study finds that leaving rural water points to be managed by local communities is correlated with low 

functionality levels. Post-construction support—with complementary roles for communities, the private 
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sector, and all levels of government—is needed to improve the functionality of the rural water supply (SNV, 

2013). In Ghana, only 21% of hand pumps were found to meet national norms and standards for the 

reliability, quality, and quantity of the water service provided (Adank et al., 2014). Service providers who 

operate and maintain these hand pumps also scored low on compliance with norms and guidelines related 

to governance, operations, and financial management. Ethiopia’s higher functionality rates are associated 

with good record-keeping, regular community meetings, financial audits, higher monthly fees, a paid 

caretaker, and water committees with the capacity to perform minor repairs (Alexander et al., 2015). The 

primary threats to the achievement of Tanzania’s water delivery targets include the inaccuracy of the 

baseline used for program design, difficulties faced by underserved districts trying to keep water points 

functional, and differences between the expected and real long-term functionality of water points, especially 

hand pumps (Jimenez and Perez-Foguet, 2011). In Chad (Thibert, 2016), an analysis of water and sanitation 

conducted in 28 villages in Bokoro District during October 2015 estimated that 61% of villages had access 

to a functional or semi-functional hand pump or borehole, and 39% of villages collected water from open 

wells or swamps at risk of contamination. Many of the remaining villages had reverted to contaminated 

surface water after their hand pumps had fallen into disrepair due to poor management of the water point. 

In the Democratic Republic of Congo, a lack of spare parts continues to be a major problem that adversely 

affects hand pump functionality (Koestler et al., 2014). Finally, a study of Rumphi District, Malawi, 

suggests that sustainability may be improved by giving communities a say in the type of hand pumps or 

water points to be installed (Holm et al., 2017).  

Foster (2013) employed logistic regression analysis to identify operational, technical, institutional, 

financial, and environmental predictors of functionality for over 25,000 community-managed hand pumps 

in Liberia, Sierra Leone, and Uganda. Risk factors significantly associated with non-functionality across 

all three countries were (1) system age, (2) distance from the district/county capital, and (3) absence of user 

fee collection. Other variables included in the model were well type, hand pump type, funding organization, 

implementing organization, proximity of spare parts, availability of a hand pump mechanic, regular 
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servicing, regular water committee meetings, women in key positions in the water committee, rainfall 

season, and perceived water quality.  

Carter and Ross (2016) demonstrate empirically that reducing the high rates of early post-

construction abandonment as well as of total downtime would greatly improve the service performance of 

hand pumps. Around 85% of wells or boreholes equipped with hand pumps are expected to function. To 

generate a more nuanced understanding of service performance, going beyond functionality, it is 

recommended that monitoring include the collection of quantitative data on rates of abandonment and the 

frequency and duration of breakdowns, combined with descriptive narratives of actions taken to manage 

and repair water points. Cronk and Bartram (2017) show that fee collection in Nigeria and Tanzania is 

positively related to functionality; the authors recommend that for Tanzania fees should be collected 

monthly rather than when pumps break down. Furthermore, in Nigeria, systems managed by the private 

sector are likely to be more functional than those managed by communities. In Malawi, factors adversely 

affecting the functionality of hand pumps include the inefficiency of user committees, corruption, a lack of 

spare parts, a lack of community ownership, and the inadequate involvement of non-governmental 

organizations (NGOs) (Rural Water Supply Network, 2014). Ways to improve functionality include 

community involvement, skills training, private sector involvement, and technology upgrades (Walters and 

Javernick-Will, 2015).  

Baumann (2009) provides a comprehensive list of conditions needed for pumps to function. “Soft” 

conditions include community ownership; a perceived need for the water point; and user skills, behaviors, 

norms, and practices. “Hard” conditions include human resources and suitable technologies. Finally, there 

are financial conditions, such as the availability of finance for capital expenditure and the ability of users 

to pay for services. Without all these conditions being met simultaneously, pumps are bound to fail.  

The water point is the only visible and aging part of an expensive system. Finding water and drilling 

a borehole constitute the main part of the investment (Carter et al., 1996). Thus, although hand pumps are 

not expensive, when they fail, the entire system fails. Over the years, and particularly in remote areas, 
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governments have proven to be incapable and unwilling to provide the operation and maintenance services 

needed for water points to remain functional.  

The role of maintenance is important (Koestler et al., 2010; Morgan, 1993). This has been shown 

in the case of Zimbabwe (Mudege, 1993). In Mexico, studies reveal a bias favoring the development of new 

public infrastructure while neglecting the maintenance of existing infrastructure (Gibson and Rioja, 2017; 

McNeill, 1985). Lack of maintenance led to hand pump failures in Morocco in the early 1980s (Lynch, 

1984). Maintenance is a problem in industrialized countries as well. In some parts of the United States, 

particularly in rural areas, water points are virtually nonexistent and many houses lack indoor plumbing 

(RCAP, 2010; Vance, 2016; Fetterman, 1967).3 

The choice of technology is also important (Janke et al., 2017). The fixed costs associated with 

installing wells and pumps significantly impact their number and location (Hsiao and Chang, 2002). 

Furthermore, hand pump failures often result in extended service disruption leading to high but avoidable 

financial, health, and development costs. There are several innovative ways of addressing these problems. 

For example, one manually operated hand pump employs a gear drive in the power train to ease operations 

and at the same time increase efficiency (Nasir et al., 2004; McNeill, 1985). These studies suggest that even 

small increases in efficiency can have sweeping results, considering the critical nature of hand pumps. 

Finally, using data on hand pump usage in rural Kenya, Koehler et al. (2015) evaluated the impact of 

dramatic improvements in maintenance services on payment preferences. They suggest that it might be 

possible to improve the sustainability of rural water supply by pooling maintenance and financial risks and 

taking advantage of advances in monitoring and payment technologies. 

 Evidence shows that aid disbursements make a strong, positive, and significant contribution to 

improving access to WASH services (Gopalan and Rajan, 2016) in lower-middle-income countries but not 

                                                            
3 In rural areas where the population is dispersed, such as parts of Texas along the Mexico border, the chances of not 
having either indoor plumbing or any form of water scheme increases sharply. In six states—Alabama, New Mexico, 
Arizona, West Virginia, Kentucky, and Mississippi—half of the households without these services live below the 
poverty level. The dire situation in the U.S. Appalachia has not changed much in the past 50 years. 
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in low- or upper-middle-income countries. This contribution was found to be greater in rural than in urban 

areas. Another recent study suggests that donors need to increase aid allocation to WASH in Sub-Saharan 

Africa (Ndikumana and Pickbourn, 2017). Structural constraints that could limit access to WASH (and their 

alleviation through foreign assistance) need to be identified and addressed. 

 

4.  Methodology and Data  

 

(a) Methodology 

A locally weighted scatterplot smoothing (LWSS, “Lowess Smoothing” of running-line least 

squares) is used to undertake a locally weighted non-parametric regression of “non-functionality” (0,1) for 

43,443 water points that are between 1 and 15 years old.4 To analyze the relative importance of a series of 

factors in explaining the probability of a water point failure, a logistic regression econometric model is 

estimated and the Shapley decomposition is used to analyze the relative shares of the factors in explaining 

the failure probabilities. Quantitative indices are used to measure poverty and inequality through the 

Shapley decomposition. For instance, in poverty reduction policies the decomposition of the observed 

variation must be measured to evaluate the contribution of each explanatory factor. The same is true when 

attempting to explain the failure of water points. Shorrocks (1984, 1982, 1980) reviews the Shapley (1953) 

decomposition, which is applicable to functionality. Let S be the aggregate indicator that measures water 

scheme outcomes, Xk , where k = 1, 2, . . . m is a set of factors contributing to the value of S. The following 

equation can thus be written: 

    S = f(X1, X2,. . . Xm) 

Where f(.) is an appropriate aggregation function. The goal of all decomposition techniques is to 

attribute contributions, Ck, to each of the factors, Xk, so that the value of S becomes equal to the sum of m 

                                                            
4 We define age as 2015, which is when the survey was conducted, minus the year when the water point was 
commissioned. So the formula is: age = 2015 – year of commission. 
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contributions to water point functionality outcomes. These X include the explanatory variables of 

functionality outcomes used in the linear probability regression. 

Water points that are only a year old, those between three and six years, and those older than eight 

years were grouped together and the reasons for early, mid-term, and long-term failures were analyzed. To 

explain the likelihood of failure in each of these three age groups, the relative shares of technology, location, 

promoters, management, maintenance, and operation are decomposed.5 Next, the factors affecting water 

point functionality are grouped together into three broader categories and analyzed. These are factors such 

as (1) political region and hydrogeology, which cannot be changed; (2) technology and how promoters 

operate and implement interventions, which are influential at the design and implementation stage (and can 

be taken into account when developing new points); and (3) management and maintenance (the availability 

of parts and repairing agents), which are influential at the operational stage (and can be addressed for 

existing points). 

(b) Data Sources and Descriptive Statistics 

In 2015, a National Water and Sanitation Survey (NWSS) of all water points and water schemes 

was conducted throughout Nigeria. This survey was commissioned by the Federal Ministry of Water 

Resources (FMWR), and data were collected across the country at the ward level. The survey consisted of 

four questionnaires—of households, water points, water schemes, and public sanitation practices 

(conducted in schools and health centers). The household survey was of more than 202,000 households, 

while the water points and schemes surveys provided information on 89,721 “improved”6 water points 

across states and local government areas (LGAs).  

In this study, we focus on water points. Figure 1 maps the distribution of water points across 

Nigeria. While it is evident that functional water points are distributed across the country, they are highly 

concentrated in the northern and western regions. The NWSS 2015 reveals that of 89,721 improved water 

                                                            
5 A breakdown of the dependent variables by region is provided in Table 4.  
6 For the purposes of this study, sources of improved water include tube wells and boreholes, infiltration galleries, 
protected springs and dug wells, rainwater harvesting sites, gravity flow systems, and pumped-piped systems (using 
either ground or surface water).  
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points, 89.5% are tube wells or boreholes. The rest are protected dug wells, springs, sites where rainwater 

is harvested, or infiltration galleries (Table 2).7 Around 79% of these water points have been constructed 

by government agencies over the years. Among those, the majority are built by state governments (29.8%), 

followed by federal governments (25.4%) and local governments (23.6%). The rest were built by donors 

(7.6%), NGOs (5.1%), and philanthropists and others (8.4%). In terms of functionality (Table 3), the NWSS 

2015 shows that 48,628 (54.1%) water points are fully functional and 6,920 (7.7%) are in bad condition, 

while the remaining 34,325 (38.2%) are not functional. Altogether, the total share of “working” water points 

is 61.8%. Nationally, around 75% of these points are functional for most of the year; only one-third of states 

perform below the national average. 

The most striking finding is that more than one-third (38.2%) of all water points in Nigeria are not 

functioning at all. The main question is whether these water points fail because of age or other factors. In 

the results section, we plot the likelihood (probability) of failure against the respective age of these water 

points and categorize them by their location, technology, and promoter. A corresponding year of 

construction was reported for only 49,600 out of the 89,871 water points. Among water points with such 

data, we consider only those that are between 1 to 15 years old,8 of which there are 42,443 individual points.  

To understand whether differences in operation and management play a role in deciding the 

longevity of water points, we also categorize them by their maintenance and management arrangements. 

While the presence of a “management committee” is indicated by that of a WASHCOM9 in a given 

community, maintenance is indicated by the local availability of spare parts and of agents who conduct 

routine repairs. Table 4 provides a breakdown of the various factors that affect the performance of water 

                                                            
3 In the functionality analysis we exclude rainwater harvesting and infiltration galleries because of their low incidence; 
these two sources, when combined, compose a share of less than 1%. This reduces the number of observations used 
in the rest of the analysis to 89,871. 
8 The authors have used locally weighted scatterplot smoothing (“Lowess” of running-line least squares) to estimate 
a locally weighted regression of “non-functionality” (0,1) on age in years (1<age<15) for water points and schemes. 
These are presented in Figures 2–7. 
9 A WASHCOM is a community-based water, sanitation, and hygiene committee. WASHCOMs in Nigeria help raise 
awareness of hygiene practices and the importance of defecating in latrines. The United Nations Children’s Fund 
(UNICEF) and the Rural Water and Sanitation Agency (RUWASA) have also trained members in borehole 
maintenance, basic bookkeeping, and general roles and responsibilities. The committees regularly share messages 
with their communities at social gatherings, such as naming ceremonies and weddings. 



13 
 

points aged between 1 and 15 years. Well over half of all water points are in rural areas, and the hand pump 

is the most common extraction device. However, while hand pumps dominated the northern regions, 

motorized pumps dominated the south. 

As presented in Table 4, water points are promoted at the federal, state, and local levels of 

government, and the dominance of one level over another varies by region. The federal government is the 

primary promoter in the north-central, northeast, and southeast regions. Meanwhile, local authorities 

dominate the northwest, and state authorities dominate the south-south and southwest regions (Table 4). A 

WASHCOM is present in only one-third of communities. A low level of groundwater productivity was 

observed across all regions except the southeast, where productivity is at a mid-level, and the south-south, 

where productivity is for the most part high. The type of groundwater storage, measured by its depth in 

millimeters (mm), also varied by region, although nationally, low-depth storage is most common. Two 

exceptions are the northwest and south-south, where high-depth storage dominates. Groundwater depth, 

measured in meters below ground, is most commonly very shallow across the nation. However, at the 

regional level, this was the case for only the northeast, northwest, and southwest. 

 There is significant regional variation in who conducts repairs and maintenance. A large share of 

repairs are done by agents—local mechanics/artisans—at the community level (Table 4). Spare parts are 

available in slightly over 50% of all cases in Nigeria. This pattern is true for all regions except the north-

central, where spare parts were not readily available for nearly two-thirds of cases. 

 

5. Results 

 

The results of a locally weighted scatterplot smoothing (LWSS, “Lowess Smoothing” of running-

line least squares) regression of “non-functionality” (0,1) on age in years (1<age<15) for water points are 

presented in Figures 2–11.  

(a) Functionality Analysis 
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Around 25–30% of water points are likely to fail within the very first year after installation, 

irrespective of whether they are located in rural or urban areas. The likelihood of failure increases with 

age, but does not vary much by location when water points are under 8–10 years (Figure 2). Beyond that 

age, however, older water points in rural areas perform better than their urban counterparts. After 8 years, 

the likelihood of failure in urban areas is about 40% and this increases to 45% by the age of 15, compared 

with rural areas where 8 years after installation, the failure rate is around 35% and this declines to 30% by 

the age of 15. 

Regionally, the likelihood of failure is higher in the south than in the north, irrespective of 

age. To identify spatial differences, we separate all water points into six political zones and plot their 

likelihood of failure against their respective age. Figure 3 shows that the likelihood of failure is lowest in 

the northwest, followed by the northeast and north-central regions. The likelihood of failure in the northwest 

region is around 15% during year one, while it is around 25% in the northeast10 and slightly above 30% in 

the north-central region. The likelihood of failure increases steadily with age in the northeast and north-

central regions—to 35% and 45%, respectively, by year 15—while it is largely stable in the northwest at 

around 18–20%.  

The likelihood that failure corresponds with age in the southeast and southwest regions is 

similar to that of the north-central region—the poorest performer in the north (Figure 3). Notably, 

in comparison with other regions, the south-south region has the largest failure rates at all ages: the 

likelihood of failure in the initial years is close to 40% and later exceeds 60% at the age of 15 years.  

Comparing technologies suggests that the likelihood of failure among motorized pumps is 

almost 20% higher than for hand pumps after 8–10 years. Figure 4 shows that in the initial years, both 

manual pumps and motorized pumps have a 25–30% chance of failure. In later years, hand pumps maintain 

                                                            
10 It must be noted that due to ongoing conflict in northeastern Nigeria, the availability of data for this area is limited. 
As such, the analysis presented in this report provides a useful overview though not a full representation of the 
functionality of water points and schemes in the region.  
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a similar likelihood of failure, while for motorized pumps the rate increases to almost 50% after 8–10 years. 

We observe a similar pattern when disaggregating by location (these results can be provided upon request). 

A water point sponsored by donors, NGOs, or a community-based organization (CBO) is 

almost 5–10% less likely to fail in its first year than a point promoted by the federal or state 

government (Figure 5). Among government-sponsored water points, those backed at the local level are the 

best performers: they have a steady likelihood of failure of about 20–30% over their lifetime. By contrast, 

federally sponsored water points are about 30% likely to fail in the initial years, and this increases to more 

than 50% after 10 years. Donor- and NGO/CBO-sponsored water points maintain close to a 10% advantage 

over federally and state-sponsored water points across their life span.  

Evidence suggests that the likelihood of failure is 15–20% less when water points are repaired 

and maintained by a WASHCOM than by local artisans. In the initial years, the likelihood of 

WASHCOM-maintained water points failing was around 10% as compared with 30% for those maintained 

by local mechanics or artisans (Figure 6). The likelihood of failure among government- and donor/NGO-

maintained water points is similar—at around 30%—and remains steady over their life span. Interestingly, 

in the initial years, while the likelihood of failure is similar to that of water points maintained by local 

mechanics, it starts converging with the failure rate of WASHCOM-maintained water points after 8–10 

years of age.  

Similarly, evidence suggests that the likelihood of failure is 5–10% less when spare parts are 

locally available. Approximately 80% of non-performing water points are subject to mechanical failure 

and in about 45% of cases, spare parts are not locally available. When spare parts are available, the 

likelihood of failure is 5% less in the initial years, and almost 10% less after 8–10 years (Figure 7). The 

above analysis suggests that proper know-how and the availability of required spare parts can immediately 

improve the functionality of water points by a significant margin. 

WASHCOM-managed water points are the least likely to fail. More than 35% of water points 

have a WASHCOM present. Figure 8 suggests that WASHCOM-managed water points are about 10% less 

likely to fail during their entire life span than those not managed by a WASHCOM. 
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 Those water points with deep groundwater storage are less likely to fail than are those with 

low to medium groundwater storage capacity. The failure rates of water points with a groundwater 

storage higher than 25,000 mm is 20% in year 1, increasing to about 25% by year 8, before declining to 

less than 20% by year 15 (Figure 9). Meanwhile, for those water points with shallower groundwater storage 

capacity—those with a storage depth less than 25,000 mm—the initial failure rate starts at about 30%, 

before steadily increasing to a high of about 45% by year 15. The deeper the storage level, the less likely it 

is that the water point will fail.  

Water points with high groundwater productivity (liters per second) have a lower failure rate 

than those with lower groundwater productivity. The failure rates of those water points with high 

groundwater productivity—those that pump water at a rate faster than five liters per second—start at 20%, 

increasing to about 25% by year 8 before declining to about 20% by year 15 (Figure 10). Meanwhile, for 

those water points with lower productivity levels—those that pump water at a rate slower than 5 liters per 

second—the initial failure rate starts at about 30%, before steadily increasing and reaching a high of about 

45% by year 15. In other words, the higher the groundwater productivity, the less likely it is that the water 

point will fail.  

The failure rate of water points with (very) shallow groundwater depth is higher than it is for 

those with shallow to medium-level depth. For those points with shallow to medium groundwater depth—

that is, 25 to 100 meters below ground level—the probability of failure starts at 20% in the first year, and 

declines to about 18% by year 8 and 15% by year 15 (Figure 11). For those points whose groundwater depth 

is very shallow or shallow—that is, 0 to 25 meters below ground level—the failure rate starts at about 30% 

and increases to about 43% at the 8-year mark, then remains steady thereafter. Shallow groundwater depth 

results in higher levels of non-functionality. 

(b) Empirical Results 

Table 5 presents the logit regression estimates of the determinants of the non-functionality of water 

points for the full sample of water points that are one year old, three to six years old, and more than eight 

years old. The regression results are only for the sample of water points between 1 and 15 years of age 
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where the scheme size is not equal to “none.” As in the case of the LWSS curves, the outcome variable is 

binary and equals 0 if the water point is functional and 1 if it is non-functional.  

The results indicate that the presence of a WASHCOM has a negative and significant impact on 

non-functionality for the full sample at the 1% level, for three-to-six-year-old schemes at the 5% level, and 

for eight-year-old schemes at the 10% level. The availability of spare parts is negative and significant for 

non-functionality at the 1% level for all samples as well as subsamples. Together, these results suggest that 

the presence of a WASHCOM and availability of spare parts play a major role in helping prevent the 

breakdown of water points. In addition, a WASHCOM plays a significant and negative role at the 1% level 

for the full sample and subsamples. A water point that involves motorized extraction is more likely to be 

non-functional across the full sample and among water points that are three to six years old and over eight 

years old, while it is more likely to be functional in the first year. Those points that involve other types of 

extraction are more likely to be non-functional across the full sample and in the initial three years. Donors 

and philanthropists have a significant and negative impact on non-functionality in all cases. Local 

governments and NGOs/CBOs have a significant and negative impact on the full sample and those water 

points that are over eight years old. Meanwhile, the state had a positive impact on non-functionality across 

the full sample (at the 1% level) and on those points that are over eight years old (at the 10% level).  

The impact of groundwater productivity varies by age. Relative to high productivity, low to 

medium productivity has a significant and negative impact at the 1% level across the full sample, and 

specifically the three-to-six-year subsamples. Medium productivity, relative to high productivity, has a 

significant impact at the 10% level for only two cases: those water points over one year old and those 

between three and six years. For null relative to high, the impact is positive and significant at the 10% level 

across the full sample and at the 5% level for those points over eight years old. In general, shallow 

groundwater storage seems to significantly and adversely affect functionality. The deeper the storage, the 

better the functionality. Relative to the northeast, only the northwest has a lower probability of failure, and 

this is significant at the 1% level in all cases. Relative to the northeast, all other regions have higher failure 

rates, and in several cases, these rates are significant at the 5% or 1% levels.  
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(c) Shapley Decomposition of Water Points’ Failure 

In this section, we use logit analysis to calculate the impact of various factors on water points’ 

failure (Table 5). We group together water points that are one year old, three to six years old, and over eight 

years old to determine failure by age. We then predict the impact of hydrogeology, technology, location, 

promoters, management, and maintenance and operation in explaining the likelihood of water scheme 

failure in each of these three age groups, along with the Shapley values (Table 6) for each component’s 

contribution to failure (Figure 10). We also group these factors into three categories. First, we assess factors 

that cannot be changed, such as political region and rural-urban location. Second, we consider factors that 

are influential at the design and implementation stage (and can be taken into account when developing new 

points)—namely technology and how promoters operate and implement interventions. Third, we consider 

factors that are influential at the operational stage (and can be addressed for existing points): management 

and maintenance (the availability of parts and repairing agents).  

The Shapley values are presented in Table 6, columns 1, 3, and 5. The marginal contribution of 

most of the components to the failure of the water points shows a general upward trend as the points age, 

with the exception of repairs and maintenance and settlement types,11 which are important during the first 

year after installation. The most notable finding is that hydrogeology (i.e., groundwater productivity, depth, 

and storage) increases in importance as the water point ages. Initially, WASHCOM increases in importance, 

but by the eighth year its importance declines.  

In the very first year (Figure 12), while locational variations—such as settlement type and regional 

distribution—explain over 28% of the failure rate, 42% is largely explained by two sets of indicators: repair 

and maintenance (31%) and the role of a WASHCOM in management (10%). Other factors explain the 

remaining 30%. Here, water points’ hydrogeology (18%) as well as promoters (11%) play a key role, while 

technology (1%) carries little weight in explaining failure within the very first year. 

                                                            
11 Settlement type refers to urban, rural, and small town location. For more information, see a breakdown of categories 
in Figure 2 and Table 4.  
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In the medium term, when water points are three to six years old, the relative importance of 

hydrogeology increases (21.1%) as does the political region (31.9%), while the relative importance of 

maintenance and repair declines by more than 12%. The contribution of a WASHCOM remains relatively 

flat at 11.6%. Overall, more than 23% of the likelihood of failure in the medium term can still be explained 

by variations in management and maintenance. Further, the relative importance of extraction technology 

increases by more than 5% in explaining failure among this group. The relative importance of promoters 

declines slightly.  

When we examine the relative contribution of the same drivers to the likelihood of failure among 

water points older than eight years, we find that the relative importance of technology increases slightly—

to about 11%—while the relative shares of maintenance and management decline to about 12%. We find 

an almost 12% increase in the relative importance of political regions, whereas the importance of 

hydrogeology remains flat. 

In conclusion, among all indicators that are identified as drivers of functionality and that can be 

controlled by policy makers, better technology matters in the short, medium, and longer terms (9–11%). 

Maintenance and management are important drivers in the initial stages, after which they decline in 

importance. Factors that cannot be controlled in the short or medium term, such as location, also contribute 

significantly to the failure of water points in Nigeria.  

 

6. Conclusions and Policy Implications 

 

The NWSS 2015 survey data enable us to identify the failure rates of water points and schemes 

across their lifetimes as well as the factors contributing to these failures.12 More than 38% of all improved 

water points are non-functional, and many failed within the first year. The results indicate that nearly 27% 

                                                            
12 Note that this model does not intend to make causal inferences. Absent a control group, as exists in experimental or 
quasi-experimental research designs, it is not possible to make any strict causal inferences about the role that each of 
these factors plays in explaining the probability of water point failure. Further experimental research is needed to 
further clarify the causal factors driving water point failure.  
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of water points are likely to fail in the first year of construction, while nearly 40% are likely to fail in the 

long run (after 8–10 years).  

Our analysis of the data reveals several factors that impact water points’ functionality. First, 

location matters. Water points and schemes in the country’s north generally outperform their counterparts 

in the south. Water points in urban areas perform worse than those in rural areas. This is likely due to urban 

overcrowding amid rapid increases in urban populations driven by rural-urban migration. The availability 

of pumps is likely to be much higher per capita in rural than in urban areas.  

Hydrogeology plays a major role in the functionality of water points, and this role increases in 

importance over time. Where groundwater depth and storage are deeper, water points are more likely to be 

functional. Technology also plays a role. In the long run (after 8–10 years), motorized pumps are almost 

20% more likely to fail than are manual hand pumps, despite the fact that both exhibit similar rates of failure 

during their initial years. Finally, factors that cannot be changed (such as location) explain 30–63% of water 

points’ failure. Factors that are influential at the design and implementation stage (e.g., promoters, the type 

of technology used) explain about 20% of the failure rate, and factors that are influential at the operational 

stage (e.g., maintenance and management) are responsible for 12–31% of this rate. Finally, maintenance by 

a WASHCOM yields improved water point functionality. 

There are striking similarities between the patterns of failed water schemes (Andres et al., 2018) 

and failed water points in Nigeria. In both cases, water infrastructure performs better in the north than in 

the south, performs better with the presence of a WASHCOM, when spare parts are available, and when 

the promoters are NGOs rather than government authorities. For both water schemes and points, repair and 

maintenance decline in importance as the infrastructure ages. However, there are some significant 

differences. Technology and location—both in terms of political region and underlying hydrogeology—

grow in importance as water points age, but decline in importance for schemes. On the other hand, the 

presence of a WASHCOM grows in importance as a scheme’s infrastructure ages, a pattern that does not 

hold for water points. Finally, the importance of the initial promoter does not change much as water points 

age, while it declines in importance for schemes.  
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To improve the performance of water points, it is key that the predictors of functionality covered 

in this paper be seriously considered. There is a tendency for projects to fall apart when donors leave. This 

may be because local skills are inadequate, or the technology is too costly to maintain. Furthermore, a water 

point designed for use by, for example, 200 people a day might instead be used by 300 people, resulting in 

more wear and tear and greater need for costly maintenance and repair—which likely explains some of the 

urban-rural disparities. Urban areas are concentrated in the south and large-scale migration is likely to put 

pressure on existing water points’ infrastructure. The other central issue is hydrogeology: the choice of 

extraction technology could play a central role in preventing failure over the medium and long term. Finally, 

although the role of a WASHCOM in explaining water points’ failure declines in importance over time, our 

results indicate that the management functions of a WASHCOM may play a key role in helping prevent 

water point failure during the initial stages.  
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Table 1. Summary of Water Points’ Non-Functionality Rates from Literature Review 
Country Year(s) of Survey Study % Non-Functional 

Bangladesh 1974 McPherson and McGarry (1987) 50 

Thailand 1974 McPherson and McGarry (1987) 50 

India 1974 McPherson and McGarry (1987) 75 

Global Late 1970s Cairncross et al. (1980) 30 

Developing countries 1990s Duti (2012) 30–40 

Zimbabwe 1989 Cleaver (1991) 32 

Sub-Saharan Africa 2008 Baumann (2009) 30 

South Africa 1990s Hazelton (2000) 50 

Greater Afram (Ghana) 2010s Fisher et al. (2015) 20.6* 

Mozambique 2000s Jansz (2011) 20 

Malawi 2010s Holm et al. (2015) 22* 

Malawi 2010s Holm et al. (2016) 39* 

Ethiopia 2010 Schweitzer et al. (2015) 43 

Tanzania 2014 Gill (2014)  

  Gill and Flachenburg (2015) 5.9* 

Tanzania 2009 WaterAid (2009) 54 
Note: *Studies of specific regions or states. 
 
 

 

 

 

 

 

Source: Authors’ calculation based on NWSS (2015) survey data. 
 
Table 3. Status of Different Sources of Improved Water  

Improved Source Functional 
and in Use 

Functional 
but Not in 

Use 

Functional and in 
Use but in Bad 

Shape 

Non-
functional 

Total 

Tube well or borehole 42,574 3,840 2,284 31,764 80,462 
Protected dug well 3,603 302 256 1,759 5,920 
Protected spring 2,449 183 55 802 3,489 
Total 48,628 4,325 2,595 34,325 89,871 

Source: Authors’ calculation based on NWSS (2015) survey data. 
 
  

Table 2. Distribution of Improved Water Points 
Sources  N (%) 

Protected spring 3,489 3.88 

Protected dug well 5,920 6.59 

Tube well or borehole 80,462 89.53 

Total 89,721 100 
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Table 4. Breakdown of Independent Variables by Region for Water Points Aged 1–15 Years 
 

 

Note: CBO = community-based organization; FGN = Federal Government of Nigeria; LGA = local government agency; NGO = 
non-governmental organization; WASHCOM = water, sanitation, and hygiene committee; WCA = water consumer association. 
Source: Authors’ calculation based on NWSS (2015) survey data. 

 
 Total  North 

Central 
 North 

East 
 North 

West 
 South 

East 
 South 

South 
 South 

West 
 

Type of Settlement              

Rural 27370  4466  5784  10046  672  2567  3835  
Small Town 8075  1299  1470  2541  40  475  2250  
Urban 6998  1030  801  1356  62  471  3278  
Extraction Type 
Others 637  38  44  166  30  118  241  
Hand Pump 27549  4490  6600  10997  235  834  4393  
Motorized 14257  2267  1411  2780  509  2561  4729  
Promoter 
Donors 3433  252  685  744  72  482  1198  
FGN 11380  2413  3494  1621  280  917  2655  
Local 
Government 

10663  1591  907  5653  50  448  2014  

NGO/CBO 2681  170  308  1596  44  269  294  
Philanthropist 1906  657  200  373  71  209  396  
State 11811  1567  2390  3822  237  1105  2690  
Unknown 569  145  71  134  20  83  116  
Is there WASHCOM/WCA in the 
community? 
No 27500  4876  5442  7466  655  2775  6286  
Yes 14943  1919  2613  6477  119  738  3077  
Groundwater Productivity 
High 15532  350  2250  9409  205  2026  1292  
Low 19966  4150  2993  4454  0  438  7931  
Low-Medium 1648  559  226  15  135  630  83  
Medium 5139  1712  2567  8  429  397  26  
Null 158  24  19  57  5  22  31  
Groundwater Storage 
Null 87  11  43  30  0  3  0  
High 12083  1  2035  6481  219  2082  1265  
Low 19807  4233  3007  4226  2  409  7930  
Low-Medium 2730  623  1109  340  166  452  40  
Medium 7736  1927  1861  2866  387  567  128  
Depth to Groundwater 
Medium 909  0  418  491  0  0  0  
Shallow 14333  3540  1652  2132  462  1977  4570  
Shallow-
Medium 

7342  8  1735  5599  0  0  0  

Very-Shallow 19859  3247  4250  5721  312  1536  4793  
Repairing Agents 
Donor 2757  425  230  1068  87  233  714  
Federal 
Government 

1176  118  154  158  83  232  431  

LGA 10088  1018  884  6456  64  236  1430  
Local Area 
Mechanics/Artis
ans 

20233  3995  5811  2961  326  2248  4892  

NGO 704  80  58  172  34  72  288  
State Water 
Agency 

2386  208  314  567  136  379  782  

WASHCOM 5099  951  604  2561  44  113  826  
Availability of Spare Parts? 
No 19403  4086  3840  7101  332  1068  2976  
Yes 23040  2709  4215  6842  442  2445  6387  
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Table 5. Regressions on Non-Functionality of Water Points Aged 1–15 Years (0 = functional 1 = 
non-functional) 

  All Water 
Points 

1 Year 
Old 

3 to 6 Years 
Old 

Older than 8 
Years 

Base Level: Type of Settlement = Rural 
Type of settlement = small town -0.0140 -0.0725 -0.0376 0.0690 
 [0.0282] [0.0913] [0.0449] [0.0537] 
Type of settlement = urban -0.176*** -0.344*** -0.252*** 0.105 
 [0.0315] [0.102] [0.0511] [0.0584] 
Extraction type = others 0.256** 0.0439 0.450*** 0.106 
 [0.0853] [0.256] [0.133] [0.167] 
Base Level: Extraction Type = Hand Pump 
Extraction type = motorized 0.123*** -0.219** 0.168*** 0.245*** 
 [0.0250] [0.0803] [0.0398] [0.0483] 
Promoter = donors -0.323*** -0.362** -0.219** -0.431*** 
 [0.0454] [0.131] [0.0689] [0.103] 
Base Level: Promoter = FGN     
Promoter = local government -0.0861** 0.0258 -0.103 -0.264*** 
 [0.0330] [0.119] [0.0524] [0.0631] 
Promoter = NGO/CBO -0.207*** -0.180 -0.142 -0.313** 
 [0.0525] [0.168] [0.0800] [0.117] 
Promoter = philanthropist -0.663*** -0.439** -0.691*** -0.600*** 
 [0.0585] [0.151] [0.0927] [0.127] 
Promoter = state 0.117*** -0.110 0.0724 0.129* 
 [0.0295] [0.0947] [0.0468] [0.0598] 
Promoter = unknown 0.0776 0.413 0.119 -0.293 
 [0.0906] [0.227] [0.150] [0.184] 
Base Level: WASH = No     
WASH = yes -0.337*** -0.321*** -0.393*** -0.262*** 
 [0.0263] [0.0885] [0.0415] [0.0505] 
GWPROD = low -0.287*** -0.0280 -0.438*** -0.125 
 [0.0735] [0.244] [0.116] [0.152] 
GWPROD = low-medium -0.406*** 0.00855 -0.563*** -0.127 
 [0.0730] [0.241] [0.113] [0.158] 
GWPROD = medium -0.0932 -0.349* -0.161* -0.00464 
 [0.0511] [0.172] [0.0811] [0.102] 
GWPROD = null 0.429* 1.038 -0.0435 1.241** 
 [0.180] [0.629] [0.264] [0.443] 
GWSTOR = null 1.049*** 1.021 1.758*** 1.139* 
 [0.241] [0.638] [0.373] [0.531] 
Base Level: GWSTOR = High     

GWSTOR = low 0.618*** 0.287 0.780*** 0.555*** 
 [0.0775] [0.263] [0.122] [0.157] 
GWSTOR = low-medium 0.756*** 0.738*** 0.785*** 0.750*** 
 [0.0583] [0.209] [0.0902] [0.121] 
GWSTOR = medium 0.720*** 0.901*** 0.781*** 0.736*** 
 [0.0452] [0.165] [0.0720] [0.0817] 
Base Level: DTGWT = Shallow     
DTGWT = shallow-medium 0.0813 0.189 0.136* -0.0493 
 [0.0433] [0.152] [0.0678] [0.0835] 
DTGWT = very shallow 0.0296 -0.0689 0.0214 0.0627 
 [0.0245] [0.0767] [0.0391] [0.0480] 
DTGWT = medium -0.383*** -0.239 -0.477** -0.253 
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 [0.108] [0.319] [0.174] [0.181] 
Who repairs = donor -0.192*** 0.107 -0.415*** -0.112 
 [0.0516] [0.171] [0.0830] [0.0963] 
Who repairs = federal government 0.511*** 0.959*** 0.531*** 0.409** 
 [0.0691] [0.186] [0.113] [0.150] 
Base Level: Who Repairs = LGA     
Who repairs = local area 
mechanics/artisans 

0.00389 0.172 0.00455 -0.138* 

 [0.0313] [0.111] [0.0499] [0.0580] 
Who repairs = NGO -0.102 0.853** -0.0836 -0.563** 
 [0.0866] [0.261] [0.131] [0.186] 
Who repairs = state water agency 0.241*** 0.612*** 0.0960 0.255* 
 [0.0517] [0.167] [0.0816] [0.0993] 
Who repairs = WASHCOM -0.224*** -0.165 -0.207** -0.210* 
 [0.0457] [0.151] [0.0743] [0.0837] 
Base Level: Availability of Spare Parts = No 
Availability of spare parts = yes -0.336*** -0.371*** -0.378*** -0.351*** 
 [0.0224] [0.0722] [0.0360] [0.0432] 
Zone = north central 0.504*** 0.0996 0.502*** 0.529*** 
 [0.0384] [0.121] [0.0606] [0.0842] 
Base Level: Zone = Northeast     

Zone = northwest -0.300*** -0.749*** -0.267*** -0.383*** 
 [0.0404] [0.141] [0.0622] [0.0871] 
Zone = southeast 0.378*** -0.0895 0.445*** 0.480** 
 [0.0833] [0.259] [0.131] [0.174] 
Zone = south-south 0.951*** 0.613*** 0.851*** 1.283*** 
 [0.0510] [0.158] [0.0806] [0.108] 
Zone = southwest 0.788*** 0.339** 0.765*** 0.867*** 
 [0.0396] [0.121] [0.0624] [0.0853] 
Constant -0.895*** -1.036*** -0.830*** -0.721*** 
 [0.0567] [0.190] [0.0878] [0.120] 
Observations 42443 4945 16823 11741 
Pseudo R2 0.0728 0.0723 0.0691 0.1143 

Source: Authors’ calculation based on NWSS (2015) survey data. 
Notes: Standard errors in brackets. GWSTOR = groundwater storage (depth in mm); GWPROD = groundwater productivity 
(liters/second); DTGWT = depth to groundwater (mbgl = meters below ground level); CBO = community-based organization; 
FGN = Federal Government of Nigeria; LGA = local government area; NGO = non-governmental organization; WASHCOM = 
water, sanitation, and hygiene committee. The base-level category for ordinal variables is displayed. * p < 0.05, ** p < 0.01, *** p 
< 0.001.  
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Table 6. Shapley Values and Groups 

  
Failure of Water 
Points 1 Year Old 

 Failure of Water 
Points Aged 3 to 6 

Years 

 Failure of Water 
Points 8 Years or 

Older 

Shapley 
Groups Variables 

Shapley 
Value  

Percent 
Estimate 

 
Shapley 
Value  

Percent 
Estimate 

 
Shapley 
Value 

Percent 
Estimate  

Political 
Regions Political zone 0.0184 0.2553 

 
0.0220 0.3191 

 
0.0471 0.4118 

Hydrogeology GWPROD/ 
DTWAFRICA/
GWSTOR  

0.0127 0.1760  0.0146 0.2109  0.0249 0.2182 

Settlement 
Type 

Type of 
settlement 0.0020 0.0283 

 
0.0009 0.0131 

 
0.0009 0.0081 

Promoters Promoters 0.0080 0.1112  0.0062 0.0900  0.0123 0.1075 

Technology 
Type Extraction type 0.0009 0.0124 

 
0.0043 0.0618 

 
0.0098 0.0859 

WASHCOM Is there 
WASHCOM/
WCA in the 
community? 0.0075 0.1032 

 

0.0080 0.1164 

 

0.0047 0.0408 

Repair and 
Maintenance 

Who repairs/ 
availability of 
spare parts 0.0227 0.3136 

 

0.0130 0.1886 

 

0.0146 0.1277 

Total  0.0723 1.0000  0.0691 1.0000  0.1143 1.0000 
Source: Authors’ calculation based on NWSS (2015) survey data. 
Note: GWSTOR = groundwater storage (depth in millimeters); GWPROD = groundwater productivity (liters/second); DTGWT = 
depth to groundwater (mbgl = meters below ground level); CBO = community-based organization; FGN = Federal Government 
of Nigeria; LGA = Local Government Agency; NGO = non-governmental organization; WASHCOM = water, sanitation, and 
hygiene committee; WCA = water consumer association. 
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Figure 1. Map of Water Points Covered by the NWSS Survey 

 

Source: Authors’ calculation based on NWSS (2015) survey data. 
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Figure 2. Failure Curves by Rural-Urban Location 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 

Figure 3. Failure Curves by Political Zone 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 

Figure 4. Failure Curves by Extraction Type 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 
 

Figure 5. Failure Curves by Promoter Type 

 
Note: CBO = community-based organization; FGN = 
Federal Government of Nigeria; LG = local government; 
NGO = non-governmental organization. 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 

Figure 6. Failure Curves by Type of Repairing Agent 

 
Note: NGO = non-governmental organization; WASHCOM = 
water, sanitation, and hygiene committee.  
Source: Authors’ calculation based on NWSS (2015) survey 
data. 

Figure 7. Failure Curves by Availability of Spare 
Parts 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 
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Figure 8. Failure Curves by Presence of 
WASHCOM 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 
Note: WASHCOM = water, sanitation, and hygiene 
committee. 

Figure 9. Failure Curves by Groundwater Storage 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 
 

Figure 10. Failure Curves by Groundwater 
Productivity 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 

Figure 11. Failure Curves by Groundwater Depth 

 
Source: Authors’ calculation based on NWSS (2015) survey 
data. 
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 Figure 12. Shapley Decomposition of Water Points’ Failure in Nigeria 

 

Source: Authors’ calculation based on NWSS (2015) survey data. 
Note: WASHCOM = water, sanitation, and hygiene committee. 


