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Is volumetric pricing for drinking water an
effective revenue strategy in rural Mali?

Check for updates
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Africa lags behind the world on operational and financial progress to maintain safe drinking water
services. In ruralMali, weexplore the implicationsofmonthlyflat fee contributionsandvolumetric (pay-
as-you-fetch) payments for water use and revenue generation. By assessing 4413 months of data
across 177 handpumps, we find that once payment modalities switch from volumetric payments to
monthly flat fees, a waterpoint registers a more than three-times higher monthly revenue. While flat
fees cover a higher share of the operational costs of providing reliable water services, a subsidy gap
persists. Flat fees appear to stimulate daily water use which more than doubles compared to
volumetric payments. We estimate that a 1 °C increase in average monthly temperature is associated
with 180 more litres of water used every day per handpump, emphasising the importance of climate-
resilient water supplies. Based on these insights, we discuss the role of professional service delivery
models to support reliable drinking water services for rural communities.

The global challenge of providing safely managed services to approxi-
mately two billion people1 is amplified in rural Africa where approxi-
mately 25–30% of rural waterpoints are non-functional at any point in
time. This leaves about $1.5–2.5 billion of capital investment unused2.
Hand- and foot pumps which are the most widely used technology in
Africa for providing basic water supply experience breakdown durations
lasting on average 30 days3–5. Despite significant investments in
community-based management over several decades, progress has been
largely unsatisfactory inmaintaining rural water supply infrastructure4,6–9.
Cross-country evidence from rural Africa shows that significantly higher
operational performance can be achieved by professional service delivery
models5,10. Yet, these professional service providers struggle to cover
related operating costs requiring a subsidy, as is common in most urban
piped systems5,11,12.

Policy and practice generally expect that some of the costs of providing
rural water services are to be covered through user payments6,13–20. Global
assessments indicate that user payments are the largest source of WASH
financing21–23. Yet, debate prevails on how to effectively generate sufficient
local revenue from user payments andwhich pricing strategies are themost
effective in aligning affordability goals with cost recovery targets24–29. As
costs for maintaining existing water infrastructure are globally expected to
outgrow capital investments by 203014, empirical insights on the effective-
ness of revenue collection approaches for fundingmaintenance services can
inform policy and practice to meet the Sustainable Development Goal for
Water (SDG 6.1).

Volumetric pricing is most common in urban piped water supply to
increase revenue collection and improve financial sustainability while
encouraging efficient water use30. Volumetric pricing is becoming more
common in water supply across rural Africa with the increasing develop-
ment of small piped systems,water kiosks andATMs, and cashless payment
facilities31–39. Water policies in Africa promote different approaches to
generate revenue to fund the recurrent costs of providing water services40.
Mali, for instance, officially recognises two payment modalities for rural
water supply: regularflat fee contributions or volume-based payments at the
waterpoint41,42. Yet, the applicability and effectiveness of volumetric pricing
in funding maintenance services for handpumps remains empirically
unclear.

Across Africa, there has been increased interest in testing professional
service delivery models to guarantee higher service levels and to promote
greater financial sustainability43,44. For example in Mali, a professional ser-
vice delivery company, UDUMA, has raised private capital for a public
private partnership with the government to provide reliable rural water
services from 1400 handpumps37, subject to affordable user payments. This
large-scale initiative is implemented in the region of Sikasso, located in
Southern Mali. The area is characterised by an annual dry season from
March to June followed by a wet season from July to October, with annual
rainfall of 510 to 1400mm and average temperatures of 24 to 32 °C45.

At the start of the professional service in November 2019, UDUMA
charged a volumetric tariff of 500FCFAperm³ ($0.80). Following a “pay-as-
you-fetch” approach, users made direct payments at the handpump for

1School of Geography and the Environment, University of Oxford, Oxford, UK. 2Smith School of Enterprise and the Environment, University of Oxford, Oxford, UK.
3Public Administration and Policy Group, Wageningen University and Research, Wageningen, The Netherlands. 4UDUMA, Ingré, France.

e-mail: johannes.wagner@ouce.ox.ac.uk

npj Clean Water |            (2024) 7:57 1

12
34

56
78

90
():
,;

12
34

56
78

90
():
,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00341-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00341-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00341-6&domain=pdf
http://orcid.org/0000-0002-6619-4915
http://orcid.org/0000-0002-6619-4915
http://orcid.org/0000-0002-6619-4915
http://orcid.org/0000-0002-6619-4915
http://orcid.org/0000-0002-6619-4915
http://orcid.org/0000-0002-9045-4844
http://orcid.org/0000-0002-9045-4844
http://orcid.org/0000-0002-9045-4844
http://orcid.org/0000-0002-9045-4844
http://orcid.org/0000-0002-9045-4844
http://orcid.org/0000-0001-9971-9397
http://orcid.org/0000-0001-9971-9397
http://orcid.org/0000-0001-9971-9397
http://orcid.org/0000-0001-9971-9397
http://orcid.org/0000-0001-9971-9397
mailto:johannes.wagner@ouce.ox.ac.uk


every 20-litre container collected37. Confronted with low revenue due to
limited user payments, UDUMA gradually introduced amonthly flat fee of
15,000 FCFA ($24) per handpump, with no limit on water use. The flat fee
payment approach stipulates that if the flat fee is not paid, the UDUMA
service is not activated, and the pump is locked until a payment is made.
Since March 2022, all waterpoints are running under a monthly flat fee
model. The change in payment modalities was introduced within existing
contractual arrangements with local governments and communities.

By examining longitudinal volumetric use and payment data we
explore what happens if payment modalities for reliable maintenance ser-
vices at handpumps are changed from volumetric payments tomonthly flat
fee contributions. Findings from Kenya, Ethiopia, Ghana, Rwanda, and
Uganda emphasise the prevalence of seasonal water demand in rural areas
and related implications on revenue generation46–49. Therefore, we ask how
does a change in payment modalities affect (1) daily water use, (2) monthly
revenue, and (3) collection efficiency at handpumps, conditional on sea-
sonalfluctuations, and (4)what, if any subsidy, is required to sustain services
across the two payment modalities?

The analytical strategy of thepaper is basedonobservedwaterusage and
payment data from manual pumps equipped with water meters which is
uncommon in rural Africa. We model a total of 4413 months of observed
payments and metered water usage before and after the change in payment
modalities across 177 manual pumps, covering a period from November
2019 to April 2023. The change from volumetric to flat fee payments, gra-
dually introduced between April 2021 to March 2022, constitutes a shift in
UDUMA’s revenue strategywhile the infrastructure type (handpump)aswell
as the level of service delivery (guaranteed repairs within 72 h of breakdown
and annual water quality monitoring) stay constant. Similar to other cost
estimates for professional service delivery guaranteeing that any breakdowns
are repaired within 72 h50, UDUMA’s recurrent local operation and main-
tenance costs51 are of approximately $24 per waterpoint per month.

The analysis focuses on four performancemetrics which we track over
time: daily volume of water used per waterpoint, monthly revenue gener-
ated, monthly working ratio, and monthly collection efficiency. A local
working ratio5,52 is a performance metric reflecting local revenue from user
payments dividedby local operation andmaintenance costs.Working ratios
may also include indirect costs, depreciation, inflation, and other opera-
tional costs.Here,we apply the simple localmetric to supportunderstanding
of pathways to improve financial sustainability. Collection efficiency pro-
vides an indication for the acceptance of the payment principle in the
context of ruralMali and reflects users’willingness and commitment to pay
for reliable water services31 (further detail on the performance metrics is
available in the “Methods” section). We apply a fixed effects regression
model to estimate the effect of changes in payment modalities on the out-
comes of interest while accounting for seasonal confounders.

Our findings from Mali reveal that monthly flat fee contributions are
more effective in funding professional maintenance services than a volu-
metric approach, generating on average $9 more revenue per month per
handpump. In addition, flat fees are associated with an increase in water use
throughout the year. Results indicate that payment collections double under
the flat fee approach compared to volumetric payments but experience a
downward trend over time. Furthermore, the results reveal the contextual
variability of performance in collection efficiency across both payment
modalities, highlighting that neither volumetric tariffs nor monthly flat fees
are one-size-fits-all solutions to effectively collect user payments at hand-
pumps. Despite improvements in revenue generation following the shift to
flat fee payments, a monthly funding gap of about $12 per waterpoint
persists, requiring targeted subsidies to ensure reliable access to water
throughout the year. Based on these empirical insights we discuss how
models of reliable rural water services may be sustained at scale.

Results
This section presents results of (1) volumetric water use, (2) collection
efficiency, (3)monthly revenue, and (4)working ratioswhenmanualpumps
shift from volumetric to monthly flat fee payments.

Flat fees stimulate water use which is subject to seasonal
variations
Using 1885monthlymeter records under the volumetricmodality and 2528
meter readings under the flat feemodality betweenNovember 2019 toApril
2023, we find that the average daily water use per waterpoint more than
doubles under amonthly flat fee (mean: 1.74m³, SD: 2.26m³) compared to
volumetric payments (mean: 0.84m³, SD: 1.48m³). A month-on-month
assessment (Fig. 1a) comparing average daily water use across payment
modalities indicates that the increase in daily volumetric use aligns with the
shift from volumetric to flat fee payments. Under the volumetric payment
modality average daily usage per pump exceeds 1m³ only during April and
May, the hottest months in Mali, whereas water demand under a monthly
flat fee in the same period reaches up to 3m³ per pump and decreases to
1m³ only during the rainy season. Across both payment modalities,
increases in volumetric water use align with Mali’s hot season (March to
June), whereas water usage falls during the rainy season (July to October),
emphasising a seasonal pattern in water demand.

Seasonal boxplots, disaggregated per payment modality (Fig. 2), track
daily volumetric use over three consecutive dry and wet seasons. This
monitoring reveals the nuance and variation between months and within a
month indicating different patterns for individual waterpoints. Again, daily
volumetric water use levels align with Mali’s hot and rainy seasons across
both paymentmodalities, with higher averagewater use levels for the flat fee
modality.

A fixed-effects regression model supports the descriptive insights:
when controlling for climatic conditions, the flat fee modality is associated
with an increase of 900 litres in daily water use per waterpoint (Table 1,
Model 2). Higher temperatures are positively related to higherwater use: an
increase of 1 °C in monthly average temperature translates into additional
daily water abstraction of 180 litres per waterpoint.

Flat fees are associated with higher payment collection
When comparing the two paymentmodalities regarding their performance
in collection efficiency, it appears that flat fees (mean: 54%, SD: 50%) are
approximately two times more likely to be paid than volumetric payments
(mean: 29%, SD: 37%). Disaggregating average collection efficiency at the
municipality level reveals a more nuanced pattern across the 23 munici-
palities where the 177 waterpoints are located (Fig. 3). While the flat fee
modality registers on average a two-times higher collection efficiency than
the volumetric approach, we observe well-performing municipalities in
volumetric payments, such as Sido or Kebila (Fig. 3a), rank relatively lower
for flat fee payments (Fig. 3b). This insight highlights the spatial variation in
effectiveness of user payment approaches, emphasising that the flat fee
modality is not necessarily a “one-size-fits-all” approach.

Tracking payment collections over time (Fig. 4) reveals variation
across months and localities. From the outset, the compliance with the
volumetric approach is low and on average never exceeds 50%, illustrating
the challenge of enforcing volumetric payments when usersmust invest in
time andphysical effort for accessingwater2,15,53,54. Collection efficiency for
flat fee payments remainsmore stable throughout the first year, averaging
around 75%. Flat fee payments, however, register a downward trend since
the onset of the rainy season in July 2022. Examining the data up to April
2023 shows that the declining trend reduces. Yet, uncertainty about the
future evolution prevails, requiring further monitoring. In terms of
unlocking user payment, regression results suggest that the flat fee
approach performs better than the volumetric modality in the period of
this study (Table 1, Model 8).

Flat fees generate higher monthly revenues, lowering subsidy
requirements
On average, the monthly revenue per waterpoint generated through flat fee
payments is almost four-times higher than through volumetric payments.
Flat fees generate an averagemonthly revenue of $12.85 perwaterpoint (SD:
$11.97), whereas the volumetric modality generates $3.42 per waterpoint
(SD: $9.78) per month.
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Month-on-month comparisons (Fig. 1b) reveal the seasonal variation
in monthly revenue. When payments are based on volumetric usage, rev-
enues reflect the seasonal variation in water demand. Under the volumetric
approach, some waterpoints generate revenue peaks aligning with peaks in
water demand during the annual hot seasons (the highest monthly revenue
generated at an individual waterpoint under the volumetric modality was
$163, registered in May 2021). However, on average, the volumetric mod-
ality registers a consistently lower revenue compared to the flat fee approach
throughout the year.

Fixed-effects regression results indicate that average monthly revenue
per handpump is driven by the flat fee modality (Table 1, Model 4). When
controlling for seasonality, theflat feemodality is associatedwith an increase
of $9.37 inmonthly revenueperwaterpoint. Furthermore,we estimate that a
1 °C rise inmonthly temperature is associated with $0.82 more revenue per
waterpoint.

While flat fees do not translate into single high-performing water-
points, they provide a considerable contribution to the total revenue gen-
erated per month. The gradual shift from volumetric to flat fee payments
translates into an increase in total monthly revenue for a comparable
number of active waterpoints (Fig. 5). Starting operations in late 2019,
UDUMAprogressively deployed its servicemodel to handpumps located in
its service area throughout 2020, to achieve a scale of around 100 hand-
pumps in early 2021. The total number of actively paying waterpoints per
month (Fig. 5a) stays relatively stable betweenFebruary2021until July 2022.
Following a general downward trend in waterpoints registering payment
activities, reflecting the decreasing performance in collection efficiency for
flat fees (Fig. 4), the total monthly revenue is declining, too (Fig. 5b).
Importantly, the totalmonthly revenue generated through flat fee payments
since the rainy season 2022 equals the revenue registered under the volu-
metric modality during its best-performing period (April and May 2021),
and this despite a 50% reduction in the number of actively paying water-
points (Fig. 5a).

Similar to revenue, the average working ratio improves under the flat
fee modality (mean: 53.5%, SD: 49.8%) compared to volumetric payments
(mean: 14%, SD: 41%). Following the change in payment modalities, the
share of local operational costs covered through local revenue improves by
39%when controlling for temperature and rainfall (Table 1, Model 6). This
result is drivenby the increase inmonthly revenue generated throughflat fee
payments. Finally, working ratios are evolving over time, reflecting that
volumetric payments translate into seasonal cost recovery peaks, whereas
the working ratio for flat fee payments experiences a similar downward
trend as collection efficiency (see Fig. 4).

On average, to sustainmaintaining a handpump under the volumetric
approach, a monthly subsidy of more than $20 is needed. With a monthly
flat fee, an average subsidy requirement of less than $12 per month per
waterpoint persists. This represents a positive development in the
immediate period following the transition but requires longer term eva-
luation to substantiate this effect.

Discussion
Three findings from our study may contribute to delivering more sustain-
able rural water services amidst increasingly uncertain climates. First,
drinking water use at handpumps is influenced by seasonal and contextual
drivers across both payment modalities. Second, revealed water use and
payment behaviours suggest regular fixed payments are preferred over
volumetric tariffs for the reliable maintenance of handpumps, with impli-
cations for subsidy design. Third, professional service delivery models can
guarantee rural drinking water supplies are reliable and provide perfor-
mance data with relevant insights for policy and practice.

First, there is evidence that higher temperatures increase average water
demand. Various empirical studies reveal such patterns for urban utilities
around the world55–57. We find similar patterns of behaviour in rural Mali
and estimate that a one degree increase in monthly temperatures increases
daily demand by 180 litres per handpump. Unlike urban utilities58,59, rural

Fig. 1 | Average daily water use and monthly rev-
enue per waterpoint. a Average daily volumetric
water use (inm³) perwaterpoint.bAveragemonthly
revenue generated per waterpoint (in US Dollars).
Bar plots separating between payment modalities.
Total of 4413monthly observations between 2019 to
2023 across 177 waterpoints. Rainfall is total
monthly average.
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waterpoints are not supported by a network of storage infrastructure but are
constrained by the capacity of the waterpoint to lift or pump groundwater.
With handpumps often limited by around 1000 litres per hour, the risk of
failing to meet local demand in extended dry periods is increased.

The seasonality of waterpoint demand is clearly shown in our study.
Across both payment modalities, dry season demand is far greater than
during the wet season when alternative water sources become available,
which are often favoured by rural people60. These insights are consistent
with previous findings fromKenya, Ethiopia, Ghana, Rwanda, andUganda
on seasonal interactions of water demand with temperature peaks and
rainfall46–49. Demand for waterpoints in the dry season is further compli-
cated by non-drinking water demand by livestock, small businesses, and
other productive uses61–63. In such periods of high demand where multiple

water uses intersect, handpumps come under extreme pressure, empha-
sising the importance of adapting rural water services to climate risks.

The value of themeasuredwater consumption data fromMali is that it
reveals these patterns and peaks to informpolicy and practice. For example,
demand varies spatially, and future infrastructure investment may target
locationsunder pressure as apriority. Equally, professional serviceproviders
ensure services are reliable in the dry season, for which they are held
accountable, and thus can contribute to building resilience to the impacts of
climate change1. Finally, understanding consumptionpatterns andpayment
behaviours may help to define appropriate subsidies.

Second, a subsidy is required for most rural water service providers
except those targeting a few waterpoints in high density, relatively wealthy
areas with limited water alternatives5,31. The more taxing policy question is

Table 1 | Results of fixed-effects regression models

Daily volumetric use (in m³) Monthly revenue (in $) Working ratio (in %) Collection efficiency (in %)

(1) (2) (3) (4) (5) (6) (7) (8)

Flat fee 0.837*** (0.098)
[0.64–1.03]

0.908*** (0.102)
[0.71–1.11]

9.03***(0.67)
[7.7–10.3]

9.37*** (0.68)
[8.0–10.7]

37.62*** (2.8)
[32.1–43.1]

39.04*** (2.8)
[33.5–44.6]

22.3*** (3)
[16–28.7]

24*** (3)
[18–30]

Temp. 0.180*** (0.016)
[0.15–0.21]

0.82*** (0.10)
[0.61–1.02]

3.4*** (0.45)
[2.5–4.2]

2.6** (0.4)
[2–3.3]

Rainfall 0.000 (0.000)
[0.000–0.001]

0.009** (0.002)
[0.005–0.01]

0.04** (0.01)
[0.02–0.05]

0.00** (0.016)
[0.0–0.0]

Nb of obs. 4413 4413 4413 4413 4413 4413 4413 4413

R2 0.298 0.336 0.357 0.377 0.357 0.377 0.250 0.265

R2 adj. 0.269 0.308 0.330 0.351 0.331 0.351 0.219 0.234

Robust standard errors, clustered at the waterpoint level, are reported in parentheses (). Confidence intervals are reported in brackets []. Significance levels: **p < 0.05, ***p < 0.01. Bold for significance
level of 1%. Meteorological controls include total rainfall in a month and average monthly temperature for each of the 23 municipalities where the 177 waterpoints are located.

Fig. 2 | Daily volumetric water use per waterpoint, separating between payment
modalities (n= 177 waterpoints). Box and whisker plots (centre line, median; box
limits, upper and lower quartiles; whiskers, 1.5x interquartile range; points, outliers).

Dashed line for average per payment modality. Shaded area highlights the period of
the payment modality transition (April 2021 to March 2022).
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to determine an appropriate subsidy level which is affordable for a service
level demanded by the population. Generally, tariff design in most rural
contexts is a political decision based on limited or no data24,25,27. Here, we are
unable to provide a detailed affordability analysis, but we can chart the
challenges of collection efficiency and potential responses.

The shift from volumetric to flat fee payments offers some insights for
policy and practice. The considerable increase in water consumed and
revenue collected in the short termof the study suggests a user preference for
flat fees. However, monthly flat fees are not a “one-size-fits-all” approach to
effectively collect user payments in all contexts given the revealed variability

Fig. 4 | Monthly collection efficiency aggregated by municipality, separating
between payment modalities. Box and whisker plots (centre line, median; box
limits, upper and lower quartiles; whiskers, 1.5x interquartile range; points, outliers).

Dashed line formean per paymentmodality. Shaded area highlights the period of the
payment modality transition (April 2021 to March 2022).

Fig. 3 | Collection efficiency per payment modality across 23 municipalities. a displays collection efficiency for volumetric payments, b for flat fees. Box plot present:
median (centre line), upper and lower quartiles, interquartile range whiskers, outliers.
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in collection efficiency acrossmunicipalities. Previous research8,42,53,64 shows
that payment approaches and their respective revenue collection perfor-
mance vary across local contexts due to multiple factors, such as the avail-
ability of alternative sources, user population size, social dynamics, and
related coordination challenges, or established practices at the community
level where multiple revenue collection approaches are likely to co-exist.
Identifying which specific local characteristics affect collection efficiency
across payment modalities could offer valuable insights for policy and
practice and may ultimately inform rural water services that more ade-
quately cater for local contexts.

In addition, performance in collection efficiency across both payment
modalities registers a downward trend, leading to declining revenues over
time. While we can only speculate on the drivers for this behaviour in our
analysis, findings from other studies suggest that sustaining payments at
handpumps is challenging as service levels requireusers to invest in timeand
physical effort to pump water2,15,50,54.

Nevertheless, the combined change in water used and payments made
indicates a volumetric tariff is socially unacceptable for reliable rural water
supplies delivered through handpumps, emphasising that tariff designs
which are considered effective and efficient for urban areas may not
necessarily respond to the specific challenges characterising rural water.
Importantly, our insights on quantities of water used reflect similar findings
fromruralKenyawhere volumetric payments result in lower incomegroups
reducing water usage3. Further research at the household level should assess
the implications of payment modalities on water demand, with water user
diaries being a potential method of investigation65.

The short-term effect of the switch from volumetric to flat fee pay-
ments is a 40% reduction in the subsidy required for local operating costs at
handpumps. Assuming this trend holds, at scale, this effect is substantial
with the positive social multipliers of higher volumes of water being con-
sumed with likely health and welfare benefits1,66. While groundwater
resources need to be correctly managed and monitored, the volumetric
increase in usage will have limited impact on groundwater availability67,68.

Our third reflection is on the role of professional service delivery
providers. UDUMA is one of an emerging cohort of professional operators
which is offering a utility-style service model based on performance
metrics5,11,43,44. Professional service providers are not necessarily private
companies and may be social enterprises or NGOs69–71. As in this case, they
have incentives to developmore effective delivery by adapting their business
models.Here, we see the change in paymentmodality as ameans to increase
local revenues for reliable service provision. There are checks and balances
in this professional approach with UDUMA being effectively regulated
through contractual agreements with government oversight37,72.

The performance data provided by professional service providers can
support governments inhaving a clearer understandingof service provision.
As noted, such insights reveal the seasonal patterns of water use whichmay
influence what infrastructure investments may be appropriate. As capital
investments for drinking water supplies are expected to increase in sub-
Saharan Africa73, evidence is needed to guide their allocation and to ensure
investments are effective over time. It is nowmore clearly documented that
in comparison to professional service providers repairing failed waterpoints
in a few days, communities can take months to complete repairs2,10,74, and

Fig. 5 | Scale of payments and total revenue. aNumber of waterpoints per month registering a payment activity. bTotal revenue generated per month. Bar plots separating
between payment modalities. Total of 4413 monthly observations between 2019 to 2023 across 177 waterpoints.
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that effectively maintaining existing infrastructure is cheaper than rehabi-
litating run-down assets75,76.

Revenue collection and water consumption data can provide credible
evidence to design tariffs and subsidies. Such empirical data will allow
governments to more carefully assess if large loans without adequate con-
sideration of subsidy requirements are the right approach. Equally, devel-
opment banks focussed on providing loans may be under more scrutiny to
provide value for money linking capital and operational expenditure to
ensure sustainable services beyond short-term borrowing horizons. Such a
combination of professional management models and adequate funding
arrangements can contribute to ensuring that investments in water supply
remain effective for the hardest to reach in rural Africa1.

We have shown the implications of two prominent payment mod-
alities for reliable rural water services on use and payment behaviours at
handpumps in rural Mali. Our results indicate that flat fee payments
contribute substantially to funding reliable service provision and stimulate
water use. Yet, subsidies are still required to ensure rural people access safe
water throughout the year, especially in periods of high demand.
Increasing efforts in adaptation finance77 may constitute an opportunity
for addressing the subsidy gap for vulnerable rural water users. As our
findings fromMali suggest, successful adaptation remains conditional on
professional service delivery. Therefore, we propose linking infrastructure
provisions with clear service delivery approaches to deliver more sus-
tainable outcomes. While this would mean changing current practices, it
would guarantee that infrastructure investments are effective for those
facing the greatest climate risks in rural Africa. Finally, we emphasise that
our empirical evidence is not based on a formal experiment and that our
data are constrained by the period of the study and only cover hand-
pumps. Therefore, it is unknownhowourfindings will hold over time and
whether they may apply to other types of infrastructure, such as piped-
water systems and kiosks, which are expanding in sub-Saharan Africa.
While future trends of use and payment behaviours remain unclear, the
value of performancedata is that it enables policy, practice, and research to
track these, and thereby provide an evidence base formore effective policy
design and rural water service delivery.

Methods
Study context
The study site comprises theRegion of Sikasso, located in south ofMali. The
study utilises data from UDUMA Mali, a private company, providing
reliable rural water services in 30 rural municipalities, the lowest govern-
mental level in Mali’s administrative structure37. Payment modalities, ser-
vice levels, and volumetric tariffs are formally established in a management
contract signed between UDUMA and local governments as service
authorities. The provider delivers reliable maintenance services, guaran-
teeing high infrastructure uptime with short breakdown durations (less
than 72 h).

UDUMAmanagesmanual pumps (two types of pumps are concerned:
Vergnet-Hydro and India Mark 2) equipped with a water meter, making it
possible to monitor and link volumetric water use and respective payments
for each waterpoint, identified through a unique waterpoint identifier. The
meter readings are conducted on a monthly basis by trainedUDUMA field
staff and validated by supervisors.

The volumetric “pay-as-you-fetch” approach requires users to make
direct payments to the caretaker at the waterpoint for every 20-litre con-
tainer collected. For the monthly flat fee, field supervisors collect the
monthly payment upfront from a representative of the user community.
The community self-organises to pay the monthly flat fee.

Data collection, availability, and variable definition
The analysis is based on monthly use and payment records registered at
individual waterpoints from November 2019 to April 2023. A total of
4447 monthly records across 177 unique waterpoints, situated in 23
municipalities, is available. The 177 individual waterpoints are never
operational simultaneously due to UDUMA’s gradual extension of its ser-
vice model to the waterpoints located in its service area and non-payments
of monthly flat fees. Given that operations of the identified waterpoints
started at different time periods, the panel dataset is unbalanced.

For every individual waterpoint, at least two monthly volumetric use
and payment records per payment modality are available. Data cleaning on
volumetric use records was conducted to remove potentially faulty meter
readings. After confirmation with UDUMA staff, daily use levels were
capped at 11m³ per waterpoint, removing a total of 34 monthly observa-
tions (more detail provided in Supplementary Information under Supple-
mentary Methods).

The final dataset consists of 4413 monthly observations, separated in
1885monthly records under the volumetricmodality, 2528 observations for
monthly flat fees. Given this set-up, the analytical strategy of the paper
explores howusers respond to reliablemaintenance services under different
revenue collection approaches. We assess four outcomes of interest before
and after the change inpaymentmodalities (Table 2). Summary statistics for
the outcomes of interest across the payment modalities are provided in the
Supporting Information (Supplementary Table 1).

Revealed volumetric use is measured as average daily volume used per
waterpoint in a month, providing observed data into the actual use of a
waterpoint. The average daily volume is calculated for each waterpoint by
dividing the total monthly volume through the number of days in the
respectivemonth.The averagemonthly revenueperwaterpoint is calculated
by dividing the total monthly revenue generated through the number of
active waterpoints in the respective month.

The monthly working ratio provides information on cost recovery per
waterpoint per month and is calculated as the share of recurring operation
and maintenance costs covered through local revenue. UDUMA estimates
that recurring local operation maintenance costs are of $24 per month and
per waterpoint. UDUMA’s local operation and maintenance costs include
local human resources (remuneration of local technicians and supervisors),
transport costs, costs for spare parts, water quality monitoring and repairs,
and an annual fee paid to local governments. In WASHCost
terminology51,78, these costs include both operations and maintenance
expenditure (OpEx) and expenditure on direct support (ExpDS). Other
costs, such as Capital Expenditure, Capital Maintenance Expenditure, Cost
of Capital, overheads for local administration and office costs or interna-
tional project administration and management are excluded.

The metric of collection efficiency represents the ratio of expected to
actual revenue collected in a month per waterpoint and is established
separately for each payment modality. For volumetric payments, collection

Table 2 | Definition of outcomes of interest

Metric Relevance Measurement Unit Empirical data

Daily volume of water Information on actual use of service Average volume per day per waterpoint in a month m³ Routine meter readings

Monthly revenue Information on user payments • Total revenue per month
• Average monthly revenue per waterpoint

$ Routine payment records

Monthly working ratio Information on cost recovery Ratio of O&M costs covered through local revenue % Routine payment records
Cost estimates

Monthly collection
efficiency

Information on user valuation of
services

Ratio of revenue collected to revenue due in a month
per waterpoint

% Routine payment records and meter
readings
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efficiency is calculated as the ratio of volume of water paid divided by the
volume of water billed in amonth perwaterpoint. For flat fee contributions,
the metrics reflects whether a flat fee was paid or not in a given month per
waterpoint.

The main predictor, the payment modality, is coded as a binary
variable distinguishing between the volumetric (0) and flat fee (1)
approach in the panel data at a clear cut-off point provided by the date at
which the first flat fee payment at the individual handpump was regis-
tered. UDUMA gradually introduced the flat fee modality to all water-
points between April 2021 to March 2022. The introduction of the
treatment is not random, but follows a staggered adoption79, with clear
cut-off points for each waterpoint.

Recognising that changing climatic conditions may influence user
behaviour46–48,80, the longitudinal approach includes total amount of rainfall
in a month and monthly average temperature estimates for each munici-
pality for the period under investigation. Rainfall data was retrieved from
Tropical Applications of Meteorology using SATellite data and ground-
based observations, TAMSAT81–83, whereas temperature data was generated
using Copernicus Climate Change Service information84.

Prior to data collection and analysis, ethical approval was obtained
from theCentral University Research Ethics Committee at theUniversity of
Oxford (references: SOGE 1A2020-195 and SOGE 1A2021-046).

Specification of the fixed-effects regression model
As indicated, the introduction of the change in payment modalities is not
random but has been gradually rolled out by UDUMA to its entire
handpump portfolio, generating observational data. In most non-
experimental social science research individual units differ in so many
respects that it is impossible to control for all of them. Fixed effect models
usingpanel data allow tomitigate this limitation by comparingwithin unit
change instead of estimating effects from a comparison between different
units85–87. Therefore, we apply fixed-effects regression models to the
longitudinal dataset to estimate the significance of the change in payment
modalities on the response variables. Since each individual handpump is
observed over multiple time periods, our models exploit the within var-
iation per unit (each waterpoint is observed over multiple months under
the two payment modalities). Fixed effect models allow the presence of
arbitrary correlations between unobserved individual effects and covari-
ates, and control for these unobservable factors to alleviate omitted vari-
able bias79,85,87.

Similar to Kulinkina et al.33, we include observed time-variant con-
founders (rainfall and temperature data) to capture seasonal variation and
entityfixed effects for eachwaterpoint. This strategy allows to avoid omitted
variable bias arising fromunobserved factors at the waterpoint level that are
time-invariant, such as localised community practices or the number of
alternative water sources surrounding the respective waterpoint. Therefore,
the unique waterpoint ID number is included as a constant intercept in the
regression model allowing to control for waterpoint-level heterogeneity.
This removes the effect of time-invariant characteristics at the waterpoint
level, and accounts for seasonal confounders (climate metrics) to estimate
the effect of the main predictor, the change in payment modalities, on the
outcome variables. We report robust standard errors, clustered at the
waterpoint level, to account for autocorrelation occurring between periods
within each unit88,89. All statistical analyses were conducted in R (Ver-
sion 4.0.3).

Data availability
All data generated or analysed during this study are included in this pub-
lished article and its Supplementary Information files. The file “Flatfee_-
Data” (csv) includes all relevant data to replicate the analyses.
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