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ABSTRACT ARTICLE HISTORY
Handpumps are heavily relied upon for drinking water in rural areas of Received 17 April 2018
low- and middle-income countries, but their operation and mainte- Accepted 29 October 2018
nance remain problematic. This review presents updated and KEYWORDS

expanded handpump functionality estimates for 47 countries in sub- Rural water supply;
Saharar_1 Africa and_the Asia-Pacific region. Our results suggest that handpumps; sub-Saharan
approximately one in four handpumps in sub-Saharan Africa are non- Africa; Asia-Pacific;

functional at any pointin time, which in 2015 was roughly equivalent to Sustainable Development
175,000 inoperative water points. Functionality statistics for Asia-Pacific Goals

countries vary widely, but data gaps preclude a robust region-wide

estimate. In spite of data inconsistencies and imperfections, the results

illustrate the persistent and widespread nature of rural water supply

sustainability concerns.

Introduction

Non-functional rural water supplies in low- and middle-income countries pose a major
obstacle to the Sustainable Development Goal of safe water for all. Premature failure of
water services is likely to have significant adverse health implications, and prevent the
realization of other human development gains (Baguma et al., 2017; Hunter, Zmirou-
Navier, & Hartemann, 2009). As the most widespread rural water supply technology in
sub-Saharan Africa and the Asia-Pacific region, handpumps are emblematic of the rural
water service sustainability challenge. Macarthur (2015) estimates that 184 million
people in rural sub-Saharan Africa depend on handpumps, while they serve in excess
of 400 million people in India alone (ORGCCI, 2011).

Advocacy and arguments seeking to characterize the performance of rural water
supplies have commonly cited handpump functionality statistics published by the
Rural Water Supply Network (2009). These statistics covered 20 countries in sub-
Saharan Africa and were drawn from estimates made by various experts. When aggre-
gated, the estimates suggested that 36% of handpumps were non-functional, with
country-level rates ranging from 10% to 65%. For almost a decade, these statistics
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have provided an important impetus for the rural water sector’s shifting focus away from
installation of infrastructure and towards service delivery.

There is an opportunity and a need to refresh these functionality estimates. A recent
survey revealed strong demand for updated statistics among sector stakeholders (Furey,
2013). The rationale is threefold. First, the original estimates are outdated. The most
recent were published in 2009, and the brief descriptions accompanying the data
indicate that some or all of the country-level estimates refer to a period between 2000
and 2005. Since then, there has been an unprecedented surge of new information on
handpump functionality, chiefly in the form of water point mapping data sets
(Dickinson, Knipschild, & Magara, 2017). Second, the quality and accuracy of the original
estimates remain unverifiable, as they were not based on publicly available information
sources. Third, the countries included in the estimates were limited to sub-Saharan
Africa, even though most handpumps are in Asia (Foster, Shantz, Lala, & Willetts, 2018).

This review provides updated handpump functionality statistics for countries in sub-
Saharan Africa and the Asia-Pacific region. In doing so, it complements other recent quanti-
tative assessments of rural water supply functionality. For example, Banks and Furey (2016)
provided an important contribution by broadening functionality estimates to other water
supply technologies and geographical regions. However, the analysis was confined to 11
countries and included data collected from implementing organizations at the time of
installation, and so functionality results were likely biased upwards. Wide-ranging statistics
on the operational performance of rural water services have also been compiled by Improve
International (2015), Tincani et al. (2015) and Burr et al. (2015). This review builds on these
efforts by way of a broader search strategy, the addition of new data that have since been
made available, and consolidation of results at a regional level.

Methods

This review aimed to produce the most robust and up-to-date estimates possible for
handpump functionality. To do so, we searched, collated and analyzed relevant data
from inventories and reports for countries in sub-Saharan Africa and the Asia-Pacific
region. Information sources included data sets and documents available online through
digital libraries and data portals administered by government ministries and authorities,
development partners, and other relevant organizations. A comprehensive list of data-
bases and platforms searched can be found in the online supplemental material (https://
doi.org/10.1080/07900627.2018.1543117). Search terms used to locate relevant docu-
ments and data were ‘hand pump’, ‘handpump’ and ‘manual pump’ and their non-
English equivalents where appropriate. Priority was placed on comprehensive data sets
or data points with nationwide coverage, but in their absence, data pertaining to (1) a
nationally representative sample, or (2) entire administrative areas at the first or second
level (based on the Database of Global Administrative Areas, http://www.gadm.org),
were also eligible for inclusion. In light of the fragmented nature of functionality data,
the threshold for data representativeness was less stringent than that used by the Joint
Monitoring Programme to track progress towards Sustainable Development Goal target
6.1 (WHO/UNICEF, 2018). A data set was only included if it was collected after 2000. For
each data source identified, the definition of a non-functional handpump was taken as
given, and it was not possible to apply a harmonized definition across all data sources
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Figure 1. Box-and-whisker plot of country-level estimates of handpump non-functionality.

used. The Water Point Data Exchange (WPDx, 2016) - a platform from which several data
sets were extracted - deems a water point to be functional ‘if any water is available on
the day of the visit, recognizing that it may be a limited flow'. Estimates were classed as
Category A where information detailing the data collection methodology was identified,
and Category B where it was not. Where available, multiple data sources were aggre-
gated to form a single country-level estimate so long as they had no geographical
overlap. A disaggregation of multiple data sources (where data categories differed) can
be found in Table A1 in the online supplemental material.

To present region-wide results, country-level estimates were inputted into box-and-
whisker plots. The results are presented for (a) all estimates, (b) Category A estimates,
and (c) nationally representative Category A estimates (Figure 1). Results for sub-Saharan
Africa were also extrapolated temporally and spatially to produce a region-wide esti-
mate of handpump functionality (as of 2015) in a way that compensated for data gaps
and adjusted for variations in the year data were collected. Details on the methodology
and assumptions underpinning this region-wide estimate can be found in the online
supplemental material. In light of the imperfect data, the aim of the African-wide
quantification of non-functionality was to produce a broad-brush ‘best estimate’, as
opposed to a precise computation. A region-wide estimate for the Asia-Pacific region
was not possible due to the absence of data for several large countries.

Results and discussion

Handpump functionality data that met the inclusion criteria were identified for 38
countries in sub-Saharan Africa (Table 1) and nine countries in the Asia-Pacific region
(Table 2). The results suggest that more than one in four handpumps in sub-Saharan
Africa are non-functional at any point in time. The interquartile range for sub-Saharan
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African countries was 20-34% for all estimates, 22-33% for Category A estimates, and
23-38% for nationally representative Category A estimates. Measures of centrality were
consistent across the three data classes analyzed, with medians of 27-28% and means of
29-31%. Spatial and temporal extrapolation of results for sub-Saharan African countries
produced a total estimate of 680,000 handpumps across the region in 2015, of which
175,000 (26%) were non-functional (Table A2 in the online supplemental information).
Based on recent capital cost benchmarks (Burr & Fonseca, 2013; Burr, Nyarko,
Dwumfour-Asare, & Fonseca, 2013), this non-functional cohort likely represents US$
1.5-2.5 billion in capital investment.

Non-functionality rates in the Asia-Pacific region were more varied: the interquartile
range was 8-42% for all estimates and 13-44% for Category A estimates. Measures of
centrality were also divergent, with medians of 12% (all estimates) and 34% (Category A
estimates) and means of 27% (all estimates) and 34% (Category A estimates). A lack of
qualifying data precluded calculation of measures of centrality and variability for nation-
ally representative Category A estimates. Non-functionality rates in India and Bangladesh
were notably lower than other Asia-Pacific countries. Even though there were fewer
countries in the Asia-Pacific region with available data, the total number of inoperative
handpumps in the region far exceeded that of sub-Saharan Africa. Government mon-
itoring data in India and Bangladesh reported more than 450,000 non-functional hand-
pumps in those countries alone.

These updated handpump functionality estimates reaffirm the persistent and wide-
spread nature of rural water supply sustainability concerns. The problems appear
ubiquitous in sub-Saharan Africa, where all countries reported a non-functionality rate
in excess of 10%. Data from several countries in the Asia-Pacific region (e.g. Afghanistan,
Timor-Leste, Laos and Kiribati) show comparatively high non-functionality rates (>25%),
as do particular sub-national regions (e.g. Chittagong Hill Tracts in Bangladesh, Andhra
Pradesh in India). The handpump functionality issue is therefore of greater geographical
breadth than commonly quoted functionality statistics suggest. A corollary is that the
adverse human development consequences of handpump failure are also more signifi-
cant than has previously been supposed.

The issue also has implications for the Sustainable Development Goal target of
universal access to safe drinking water, though the ramifications are conceptually
different from the earlier Millennium Development Goals framework. Under the
Millennium Development Goals, a handpump qualified as an improved water source,
and so premature failure could directly undermine progress towards the headline
indicator. However, under the Sustainable Development Goals framework a handpump
can constitute a limited, basic or safely managed service, depending on its location
relative to users. Communal handpumps typically provide only a basic or limited service,
and hence an operational failing has no direct effect on the proportion of households
using a safely managed service. That said, high failure rates are likely to disrupt the
stepwise movement of low-income households up the water service ladder towards the
safely managed apex, and result in the diversion of significant amounts of funding
towards rehabilitating systems in a state of disrepair.

The imperfect and in some cases approximate nature of the statistics presented must
be stressed. First of all, functionality status is a simplistic binary measure of operational
performance (Carter & Ross, 2016), and ideally data would allow the benchmarking of
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more nuanced service level indicators. Handpumps deemed to be functional may still
provide a poor service in terms of water quality or quantity, and may experience lengthy
repair times when they do break down. Promisingly, there have been important
advances towards the establishment of appropriate and consistent service level classi-
fications for handpump supplies (Bonsor, Macdonald, Casey, Carter, & Wilson, 2018) and
for rural water services more broadly (World Bank, 2017b). Second, although the esti-
mates are backed by publicly available sources, there are still gaps as to the methodol-
ogies used to collect the data, and it is difficult to evaluate the reliability of many
estimates. The underlying data undoubtedly contain inaccuracies and inconsistencies
stemming from both sampling and non-sampling errors (Cronin & Thompson, 2014;
Verplanke & Georgiadou, 2017). Possible sources of bias include varying functionality
definitions (Bonsor et al., 2018), underreported non-functionality rates linked to aban-
doned handpumps that have been forgotten or dismantled (Carter & Ross, 2016), and
the season in which data have been collected (Foster, 2013). Moreover, in cases where
data cover only a sub-national administrative unit, the functionality statistic is not strictly
representative of the national level. For these reasons, the results should be understood
as ‘best estimates’ that in most instances understate the true extent of the problem.
Caution should therefore be exercised when interpreting results at both country and
region-wide levels.

Data inconsistencies for India are worth singling out, because of both the high
number of handpumps and the relatively low non-functionality rate. Data for all but
one state were drawn from the ministry’s Integrated Management Information System
(IMIS), a platform which has previously been described by Wescoat, Fletcher, and
Novellino (2016). Three alternative data points suggest that the IMIS understates the
true non-functionality rate. First, in 2009 the Ministry of Drinking Water and Sanitation
reported a non-functionality rate of 11.8% (MDWS, 2009). Although an eight-year gap
separates this figure from current IMIS data, the discrepancy is equivalent to approxi-
mately 230,000 non-functional handpumps. Second, a rural water assessment in Bihar
reported that 19.5% of handpumps were non-functional in 2012 (Das, Shireesh, Mishra,
Bandyopadhyaya, & Samanta, 2013). In comparison, the IMIS suggests that this number
is just 1.9%. Third, for three districts in West Bengal and Bihar the IMIS presents lower
non-functionality rates than data collected during a water point mapping process in
2015 (Table A3 in the online supplemental information). In light of these conflicts, the
estimate for India comes with a great deal of uncertainty.

Functionality data could not be obtained for many countries where handpumps play
an important role in supplying water to rural households. It seems at least some of these
grapple with operation and maintenance difficulties, including The Gambia (Foster,
Willetts, & Mcsorley, 2018), Sri Lanka (Ferdinando, 2011), Somalia (Muthusi, Mahamud,
Abdalle, & Gadain, 2007), Tajikistan (Wurzel & Maramov, 2007), and the Solomon Islands
(MHMS, 2014). Most notable among the absentees are Asian countries with a consider-
able number of handpumps, including Nepal, Pakistan, Thailand, Vietnam, Indonesia and
China (Table 3). These omissions further undermine the validity of the estimate ranges
for the Asia-Pacific region. Moreover, estimates for India and Bangladesh omit private
handpumps, which far outnumber communal handpumps. In 2011, more than 29 million
households in India had a handpump on their premises (ORGCCI, 2011), and there were
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Table 3. lllustrative extent of handpump usage in selected countries with little or no identified
functionality data.

Country Data point illustrating extent of handpump usage

China 19% of population were using a handpump in 2008, equivalent to 250 million people (WHO/UNICEF,
2017)

Indonesia 10% of households were using a handpump in 2009, equivalent to 24 million people (KKRI, 2010)

Nepal 1.2 million handpumps have been installed in the Terai region (SEIU-MWSS, 2016)

Pakistan  29% of population were using a handpump in 2013-14, equivalent to 53 million people (Pakistan Bureau
of Statistics, 2016)

Thailand 154,000 handpumps have been installed across the country (Worakul, Painmanakul, and Larbkich, 2015)

Vietnam 97,000 handpumps were supplied across three provinces in 1994-2001 (Ikin and Baumann, 2002)

estimated to be in excess of 10 million privately owned handpumps in Bangladesh (BBS,
& UNICEF, 2011).

Studies have identified a strong relationship between handpump age and function-
ality (Fisher et al., 2015; Foster, 2013; Foster et al., 2018; Jiménez & Pérez-Foguet, 2011),
so it is important to note that the estimates presented are not age-standardized in a way
that would adjust for handpump age disparities between countries. This issue may also
affect the degree to which functionality statistics can be reliably extrapolated over time.
On the one hand, non-functionality might rise as a cohort of handpumps grows older;
on the other, large deployments of new installations could have a neutralizing effect by
lowering the average handpump age. Countries with data sets from two different points
in time indicate that changes in national-level functionality rate are typically less than
one percentage point per year (Table A4 in the online supplemental material). Applying
a one-percentage-point change in non-functionality per year (in either direction) since
the time data were collected gives rise to lower and upper bounds for the African-wide
non-functionality estimate of 22-29%.

Notwithstanding data quality and coverage issues, outlier countries may provide
clues as to what might help improve operational outcomes. For example, in sub-
Saharan Africa, Benin and Burkina Faso appear to have above-average functionality
rates, and both of these countries have been open to novel management arrange-
ments for handpump operation and maintenance (Foster, 2012; Migan, 2015).
Likewise, Guinea performs better than most other countries in sub-Saharan Africa,
an outcome that has been attributed to their strict standardization policy (Macarthur,
2015).

Also notable are the relatively low non-functionality rates in parts of South Asia. This
warrants further investigation — both to verify these functionality levels and to under-
stand the underlying drivers. Sector-level attributes or service delivery models may play
a role, as might higher population densities (and concomitant handpump densities),
which boost the viability of technical services and spare-part supply chains.
Hydrogeological and technological differences may also explain operational advantages:
for example, low-lift suction handpumps are commonplace in Bangladesh, and these
tend to be easier and cheaper to repair than the deep-well handpumps prevalent in sub-
Saharan Africa, Afghanistan and Timor-Leste (Foster et al., 2018).

The divergent outcomes for the two Pacific Island countries (Vanuatu and Kiribati) are
also instructive. While both have faced similar challenges relating to supply of spare
parts, Vanuatu enjoys higher rainfall (so handpump usage is probably lower), and from
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the outset implementing organizations invested in the Nira AF-85 direct action pump, a
more expensive handpump technology than the Southern Cross KDC diaphragm pump
that was originally rolled out in Kiribati (Mourits & Depledge, 1995). More recently, the
Tamana pump has become the dominant handpump in Kiribati, with approximately
1600 installed by 2007 (SOPAC, 2007), and further investigation into its performance
could provide useful insights into how a shift in handpump technology can impact
functionality at a national level.

Ownership models may also affect estimates. For example, the above-average func-
tionality rate observed in Cambodia may have partly arisen because it is the only country
with data that included a substantial proportion of privately owned handpumps. The
handpumps clearly denoted as ‘communal’ had a non-functionality rate of 20%, com-
pared with 5% for handpumps denoted as ‘private’. This is consistent with a study from
Southern Cambodia that found that privately owned handpumps exhibited better
operational performance than communally owned handpumps (Foster et al., 2018).

Understanding functionality rate disparities between countries is complicated by the
multifarious, multilayered and interconnected nature of the factors that influence rural
water service outcomes (Bonsor et al., 2015; Cronk & Bartram, 2017; Foster, 2013; Walters
& Javernick-Will, 2015; Whaley & Cleaver, 2017). There is no silver bullet to resolve the
myriad socio-political, financial, technical and environmental difficulties, but in recent
years substantial work has gone into identifying the foundations needed to achieve
sustainable services. It is widely acknowledged that communities require external sup-
port to manage their water supply (Harvey & Reed, 2004; IRC, 2012). More broadly,
improving the status quo requires strengthening of multiple institutional tiers (national
sector, service authorities, service providers) as well as cross-cutting efforts relating to
institutional capacity, financing, asset management, water resources management, and
monitoring and regulation (World Bank, 2017a).

The persistence of high non-functionality rates raises the question of whether hand-
pumps are still an appropriate technology for rural water supplies in low- and middle-
income countries. Handpumps clearly have some disadvantages compared with more
advanced water supply systems, such as the effort needed to pump water manually and
the inability to incorporate a distribution system to allow for more convenient access
points. These limitations may undermine users’ willingness to maintain their system over
time. The push towards safely managed water services — a definition that is premised
upon an on-plot supply - may also shift policy-makers away from communal hand-
pumps. Increasing population densities and the declining price of solar-powered pumps
loom as other trends that could shift technology preferences in the coming years. India,
for example, is actively moving away from the handpump option in favour of piped
schemes (MDWS, 2013).

There are, however, a number of reasons why handpumps will continue to play a
central role in securing safe water services for low-income households for many years
to come. First, in many cases they remain a less expensive option than small piped
schemes (Burr & Fonseca, 2013), particularly in sparsely populated areas in rural sub-
Saharan Africa. Even where small distribution systems are established, handpumps
may need to be retained as a back-up in the event of service disruptions brought
about by power cuts, fuel shortages, or consecutive days of overcast skies. Second,
the millions of handpumps still in operation across Asia and Africa dictate that even



10 (&) T.FOSTERET AL.

with a shift in preferred technologies they will persist for some time. Hence, strength-
ening handpump operation and maintenance systems will have to remain a key
priority for policy-makers and practitioners. Third, in Asia the majority of handpumps
are privately owned, so consumer preferences may shape technology transitions as
much as government policies. Finally, the best available data show that more sophis-
ticated water supply systems are encumbered with similar functionality problems
(Banks & Furey, 2016). This foretells that a shift in technologies will be no panacea for
sustainability dilemmas: hardware changes will neither obviate the socio-political
systems within which water supplies are situated, nor displace the need for the
institutional and financial building blocks to ensure that services continue
indefinitely.

Conclusion

This review has presented updated and expanded functionality statistics for handpump
water supplies in sub-Saharan Africa and the Asia-Pacific region. Approximately one in four
handpumps are non-functional in sub-Saharan Africa at any point in time, which in 2015 was
broadly equivalent to 175,000 water points in a state of disrepair. Country-level estimates for
the Asia-Pacific region vary widely, with South Asian countries reporting comparatively low
non-functionality rates. All told, there appear to be at least 600,000 non-functional hand-
pumps across low- and middle-income countries. In light of data gaps, inconsistencies and
imperfections, the results should be considered ‘best estimates’ only, but they do demon-
strate the widespread and persistent nature of the rural water supply sustainability chal-
lenge. A better understanding of the true situation requires governments and development
partners to improve monitoring systems and make data more widely available, along with
clear explanations of data collection methodologies. The aim of the article is to provide a
reference point that spurs further action and elevates the importance of a situation that
adversely impacts the health and welfare of tens of millions of people. To improve the
sustainability of handpumped water supplies, efforts are needed to ensure high-quality
implementation, bolster service delivery models and strengthen sector capacity and the
enabling environment more broadly.
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