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Incentivizing clean water collection
during rainfall to reduce disease in
rural sub-Saharan Africa with weather
dependent pricing

Will Ingram and Patrick Thomson

Abstract: In much of rural sub-Saharan Africa, households tend to shift
water collection during rainfall periods away from cleaner groundwater
sources, which they often have to pay for, towards free alternative sources.
This increases disease risk and decreases sustainability of service provision.
New approaches are needed to incentivize households to maintain clean
water use and mitigate this environmental health challenge. We propose a
pricing mechanism for ‘water ATMs’ — now possible with their pre-payment
and remote monitoring capabilities — derived from measured reductions in
collection over rainfall periods. Appropriate price elasticity ranges (—0.5 to —1)
and relative risk of diarrhoeal disease from this intervention (0.4 to 0.8)
determined from the literature are used to estimate the cost per capita and
cost per disability-adjusted life year (DALY) averted. These are estimated to
be between US$5 and 50 per DALY averted in the scenarios studied here,
which would compare favourably against other water quality interventions.
Cost and value would depend on elasticity of demand and potential health
gains across different communities. Considerations for implementation are
discussed. The potential for accurate subsidy transfers to service providers is
outlined, along with the added resilience to climate change.

Keywords: seasonality, rural water supply, rainfall, diarrhoea, price elasticity,
relative risk

IN RURAL COMMUNITIES ACROSS SUB-SAHARAN Africa, households tend to use a variety
of water sources of varying quality (Elliott et al., 2019; Daly et al., 2021), and the
choice between them is based on interactions between cost, price, and value (Hope
et al., 2020). Households’ reliance on higher-quality groundwater sources such as
motorized boreholes or handpumps tends to be lower during periods of rainfall
in favour of cost-free rainwater harvesting or surface water (Hopkins et al., 2004;
Arouna and Dabbert, 2010; Cook et al., 2016; Kulinkina et al., 2016; Kelly et al.,
2018). This phenomenon has more recently been quantified using new monitoring
technologies (Thomas et al., 2019; Thomson et al., 2019; Armstrong et al., 2021).
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It is well known that use of ‘unimproved’ water sources contributes significantly
to the burden of disease (Hutton, 2006). Accordingly, water-related illnesses, in
particular diarrhoeal disease, often increase during rainy seasons in these settings
(Thiam et al., 2017; Kraay et al., 2020). For instance, freely available harvested
rainwater from rooftops is significantly more likely to be contaminated than
borehole groundwater (Baguma et al., 2010; Bain et al., 2014; Hamilton et al.,
2019). As well as seasonal effects, extreme rain is shown to increase the risk of
diarrhoeal disease, particularly when following a dry period, as concentrated
pathogens can be flushed into water sources (Kraay et al., 2020), and individual
days of heavy rain have been shown to have a disproportionate influence on
households’ choice to turn away from improved groundwater sources to free ones
(Hoque and Hope, 2018; Thomson et al., 2019). Heavy rainfall days are likely to
become more frequent in sub-Saharan Africa under climate change (Fischer and
Knutti, 2016; Kendon et al., 2019; Jackson et al., 2020). In comparison, ground-
water is generally considered to be of better quality, especially compared to surface
water that is particularly vulnerable to contamination (Lawrence et al., 2001;
Parker et al., 2010; Katuva et al., 2020).

New approaches to address this environmental health challenge could help limit
diarrhoeal disease morbidity and reduce adverse seasonal effects of this drop in
water collection on the operation and management of rural water systems (Arouna
and Dabbert, 2010; Behnke et al., 2017; Foster, 2017; Kelly et al., 2018).

In recent years, pre-payment ‘water ATMs’ or ‘smart meters’ have been deployed
as part of rural water systems. These have improved revenue collection, monitoring,
and user access, and generated high-quality data for research (Ingram and Memon,
2020; Komakech et al., 2020), providing a potential alternative to the pervasive
vendor-based collection or non-payment. These technologies allow credit-based
digital pre-payment using tags, real-time and remote adjustments of price, and
24-hour access for users.

The objective of this paper is to introduce a novel mechanism of ‘weather
dependent pricing’. This mechanism is based on remotely reducing volumetric
price of water at water ATMSs from its current uniform rate during specified periods
of rainfall in order to incentivize users to maintain collection of clean groundwater
during these times. First, this is conceptualized and quantified using measured
responses of water collection to rainfall in Tanzania and The Gambia and other
existing literature. Next it is examined in terms of cost and cost per potential health
benefit. Finally, we propose how such a mechanism might be applied to improve
community health, bring in direct subsidy transfers to service providers, and build
resilience to climate change. Because simple assumptions around pricing can
lead to incorrect outcomes (Nauges and Whittington, 2017), we consider pricing
elsewhere, magnitude of required price changes, potential for behaviour change
and health gains, value for money, sensitivity to different variables, uncertainty
of outcomes, and behavioural and practical factors. Households make nuanced
decisions around water collection and payments; potential limitations to such
pricing incentives from alternative non-consumptive uses of less clean seasonal
water are also highlighted here.
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Methods and data

Weather dependent pricing is conceptualized as service providers remotely
reducing the volumetric price of water from ATMs for the length of the rainy season
(‘seasonal block’) or for shorter periods of heavy rainfall (‘responsive pricing’),
thereby increasing demand during these periods. Suitable price reductions for this
form of third-degree price discrimination are calculated using observed current
decrease in demand during rainfall, along with a determined price elasticity value.
Community health benefits are estimated from proxy relative risks of disease.

Influence of rainfall on volume collected

Decreases in daily volumetric data measured with pre-payment ‘smart meters’
(‘ATMs’) on communal distribution points of piped systems in two small, rural
communities in Tanzania and The Gambia (Communities A and B) were combined
with three available satellite rainfall estimates over three years (as reported in
Ingram and Memon, 2021). Seasonal, daily, and fortnightly, and specified days of
heavy rainfall were modelled. These are supplemented with similar measurements
reported from the four additional published studies, and presented in Table 1.

The length of each period of price reduction depends on the length of the
rainfall period in the setting in question, and annual variation in season onset.
In addition, specific days of heavy rainfall are shown to have a disproportionate
influence on groundwater collected. In Tanzania (Community A) (Ingram and
Memon, 2021) water collection drops by an average of 32 per cent (and up to
80 per cent) following days of rainfall greater than 8 mm, and in Kenya (Thomson
et al., 2019) an average reduction of 68 per cent on days following heavy rain is
recorded, with the most pronounced effect in the upper 10th percentile of rainfall.
A further price change could also be implemented to counter this. Such days are
not predictable, making this a greater technical challenge.

While the influence of rainfall on water collection varies between settings and
depends on multiple determinants, these separate pieces of evidence suggest a
general decrease in collection of groundwater over rainy periods of about 20-30 per
cent. This corresponds to the need to achieve an increase in collection of between
a quarter and a half, with an approximate average of 32 per cent. This indicates the
magnitude of pricing incentive required.

Pricing adjustments required

Price elasticity (E,) is a measure of the response of households to the price change,
and refers to the percentage change in quantity demanded that results from a
percentage change in price:

~ %AQ
P 9%AP

While price is not the sole determinant for a household’s choice of water source
or volume collected, the improved any-time access to pre-payment ATMs is likely
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142 W.INGRAM AND P. THOMSON

Table 2 Example price elasticities determined for water supply

Study context Study Reported price elasticity for
communal water point (EP)

Rural Zimbabwe; rural Kenya. Choice of World Bank Water -0.7; -0.4

using water kiosks with respect to Demand Team (1993)

monthly tariff.

Urban Jordan. Demand from piped Coulibaly et al. (2014) -1.33

water when alternative sources are

accounted for.

Urban Vietnam. Demand for piped water  Cheesman et al. (2008) -0.51

when multiple sources are used.

Urban Sri Lanka. Demand for piped water Nauges and van den -0.37

when multiple sources are used. Berg (2008)

Rural Tunisia. Low revenue population. Zekri and Dinar (2003) -0.24

Rural Kenya. Estimated from individual Wagner et al. (2019) -0.56

sources rather than aggregated source type.

Rural Benin. Communities with low Gross and Elshiewy -0.26

service coverage. (2019)

Urban Indonesia. Demand from Rietveld et al. (2000) -1.2

multiple sources.

to significantly reduce overall collection time (Ingram and Memon, 2020) and
price can be more confidently used as a major determinant here. Knowledge of
price elasticity therefore allows calculation of a suitable price reduction needed to
achieve the desired increase in demand over rainfall periods.

Price elasticities depend on multiple contextual determinants. Some studies have
determined specific price elasticities in different contexts in the Global South,
presented in Table 2.

The limitations of relying on divergent studies with different baselines and
payment modalities notwithstanding, there is strong evidence to suggest that
demand for clean groundwater in the setting investigated here would be even
more price elastic (i.e. closer to —1.0) and households more responsive to price
changes:

« Demand for a good should become more price-elastic with increasing numbers
of substitutes (Coulibaly et al., 2014), in this case with users turning to free,
alternative sources. Price elasticities in Jordan, Vietnam, and Sri Lanka are
recorded to be greater when more than one source is used (e.g. —-0.51 in Vietnam,
up from —0.06 when only municipal water is used (Cheesman et al., 2008)).
It has been specifically speculated that rural households’ choice of water source
will be sensitive to changes in prices of water from different sources (Nauges
and Whittington, 2010).

« Groundwater is cleaner than alternatives and should be a more desirable good.

« Where there is a functioning piped system and ATM, and therefore reduced
water scarcity, price elasticity is likely to be higher. Low price elasticities
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Table 3 Example ‘seasonal block” price adjustments for predicted price elasticity range

Baseline price ‘Seasonal block’ price
E,=-1 E,=-0.5
Community A US$0.54 per m? US$0.40 per m? US$0.26 per m?
(TSH 1.25 per litre) (TSH 0.93 per litre) (TSH 0.60 per litre)
Community B US$0.49 per m? US$0.35 per m? US$0.21 per m?

(GMD 0.025 per litre)  (GMD 0.018 per litre)  (GMD 0.011 per litre)
Note: US$1 =TSH 2,316; US$1 = GMD 52 (as of 2021)

elsewhere have been partly explained by significant water scarcity because
households are willing to pay more for water supply (Arouna and Dabbert,
2010) (as also seen on a global scale (Garrone et al., 2019)).

« A decreasing price may act to lift an ‘affordability cap’ that previously limited
households’ volume collected in this context, and therefore have a correspond-
ingly greater elasticity.

Therefore, a likely range of price elasticity values in rural communities where
weather dependent pricing would be deployed is considered to be —-0.5 to -1.

As an example, this expected range of E, values combined with the measured
desired increase in demand in Communities A and B over rainy seasons (Table 1)
would give the reductions in price shown in Table 3.

This suggests that for a conservative estimate of elasticity within the expected
range, approximately halving the price of water should produce the desired increase
in demand in these communities. The desired increases in demand over rainy
seasons along with the price elasticity range presented above are used to calculate
the lost revenue and therefore ‘cost’ of weather dependent pricing, and percentage
of full ‘business-as-usual’ revenue, presented below. These calculations account for
increased volume collected.

Because days of heavy rainfall have much greater desired increases in demand
if considered on a daily basis, corresponding price reductions over specific
days would be very large even with high price elasticities. Free water on these days
(‘responsive pricing’) is discussed below.

Determination of community health benefits

The majority of disability-adjusted life years (DALYs) for diarrhoeal disease are
for children aged O to 14 (61 per cent in Tanzania, 76 per cent in The Gambia)
(World Health Organization, 2018), meaning weather dependent pricing has
greater impact potential for children (also because of the long-term health
impacts which are unaccounted for in DALYs estimates (Troeger et al., 2017)).
In Communities A and B, DALYs attributable to diarrhoeal disease can be approx-
imately calculated as:

. Community A (population ~1,770) = 61 DALYs, or 0.34 per person
. Community B (population ~1,840) = 54 DALYs, or 0.29 per person

Waterlines Vol. 41 No. 2 April 2022



144 W. INGRAM AND P. THOMSON

Table 4 Relative risks of diarrhoeal disease during rainy season from different studies and relative
risk estimates of avoidance of diarrhoeal disease with weather dependent pricing

Study description/Location

Reference

Relative risk of

Relative risk of

diarrhoeal avoidance of
disease during rainy vs.  seasonal risk (1/RR)
dry season
Senegal Thiam et al. (2017) 1.70 0.58
(95% CI: 1.29-2.24)  (95% Cl: 0.45-0.78)
Ethiopia Alemayehu et al. RR = 1.40* 0.71
(2020) (95% CI: 1.32-1.48)  (95% ClI: 0.68-0.76)
Meta-value for low- Kraay et al. (2020) 1.81 0.55

income countries
(all pathogens)

As above, but only ‘storm
events’ i.e. extreme

Kraay et al. (2020)

(95% Cl: 1.15-2.85)

2.51
(95% Cl: 2.03-3.10)

(95% Cl: 0.35-0.87)

0.40
(95% Cl: 0.32-0.49)

rainfall

Relative risk

of diarrhoeal
disease with proxy

intervention

Study description/Location Reference

A new source, supply or Risebro and Hunter 0.75
connection (2011) (95% C1 0.62-0.91)
Piped water to premises vs.  Wolf et al. (2018) 0.25
unimproved baseline (95% Cl: 0.09-0.67)
Counterfactual scenario Pruss-Ustuin et al. 0.52

with household filtering/
boiling

(2019) (95% CI: 0.35-0.77)

Handpump repair within
24 hrs vs. slower repair

Thomson (2018) 0.44

(95% Cl: 0.21-0.93)

Note: * From: RR =1.0016 per 1 mm increase in average monthly rainfall; 250 mm of monthly

The health impact of weather dependent pricing is difficult to accurately estimate,
not least because diarrhoeal disease has complex causes beyond contaminated water.
We use relative risks (RR) derived from existing studies that have quantified the
existing increased risk of diarrhoeal disease during rainy seasons, and the reduced
risk from proxy interventions, to estimate the RRs that might be expected from
weather dependent pricing, presented in Table 4.

These values can be used as proxies for the binary distinction that would
come from a pricing-induced behaviour change. Water quality interventions at
source can reduce diarrhoea among children by 20-70 per cent (Waddington and
Snilstveit, 2009), and only short relapses to contaminated water have dispropor-
tionate health impacts (Hunter et al., 2009; Brown and Clasen, 2012). Therefore,
a significant proportion of annual diarrhoeal disease, and therefore DALYs in the
community, could be averted by maintained use of clean groundwater during
periods of rainfall. Based on the available evidence, RR values within a range of
0.4 to 0.8 are considered likely here.
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Averted DALYs are estimated here as current DALYs multiplied by 1-RR. The cost
per DALY averted is estimated by dividing the lost revenue from the price reduc-
tions by averted DALYs. Sensitivity analysis using the one-at-a-time method was
conducted on the inputs of: 1) desired increase in volume collected during rainfall,
2) price elasticity, and 3) relative risk of disease. Uncertainty analysis was conducted
on expected outputs using Monte Carlo simulation with 2,000 trials per run.
Along with Communities A and B, a number of additional hypothetical scenarios
of varying country (i.e. DALY burden), population, influence of rainfall, length of
seasonal block, days of heavy rainfall, and price elasticity were also tested to better
understand applicability in different types of community.

Results

Figure 1 presents the estimated cost per capita, percentage of full revenue expected,
and estimated cost per DALY averted, across ranges of price elasticity and relative
risk, if weather dependent pricing were implemented. These are presented for
Communities A (Tanzania) and B (The Gambia), along with two indicative
hypothetical scenarios that demonstrate what moderate and extreme cases in specific
communities might result in: Scenario A represents a community where a moderate
version of weather dependent pricing could be deployed with a desired increase in
collection (+10 per cent) below the average seen in Table 1 (+20 per cent to +30 per
cent). Scenario B is an extreme version (+40 per cent) above this average.

These results indicate that for likely ranges of elasticity and risk ratio discussed
earlier, weather dependent pricing may offer high value for money in terms of health
gains (between $5 and $50 per DALY averted). These outcomes are dependent on
community characteristics.

In Community B, the cost per capita and the cost per DALY averted are likely to
be greater than Community A because of a combination of: higher desired increase
in collection, higher volume per capita, fewer DALYs in The Gambia, and different
baseline price. The percentage of full annual ‘business-as-usual’ revenue is not much
different from Community A, largely because of the greater volume per capita, which
is a more pertinent result for service providers than funders. Even in Scenario B, the
most extreme example with larger desired increase in demand and many days of
free water, service providers could still expect to collect the majority of full revenue,
and they would only expect to lose a very small proportion (~10 per cent) in likely
scenarios (e.g. Scenario A and the two real communities).

If price elasticity is very low, the price can become negligible or theoretically
negative, as can be seen with Scenario B below E, = -0.5. In such circumstances,
‘responsive pricing’ (i.e. free water for targeted periods) may be suitable. Similarly,
cost per DALY averted is likely to become large in comparison to other possible
interventions when RR values are high and when E, values are low.

Overall, in order for weather dependent pricing to be more effective in a
community, greater response to reduced pricing along with a greater reduction
in disease from maintained use of cleaner water are needed. This relationship is
indicated in Figure 2 in order to illustrate suitable communities.

Waterlines Vol. 41 No. 2 April 2022



146 W.INGRAM AND P. THOMSON
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Figure 1 (a) Estimated cost, (b) percentage of full annual revenue, and cost per DALY averted of
weather dependent pricing for different community characteristics across likely price elasticity (E,)
and relative risk (RR) ranges, for (c) Community A, (d) Community B, (e) Scenario A, and (f) Scenario
B. Dashed lines indicate E, values beyond the expected range. Baseline price, approximate litre per
capita, length of rainy season, and DALYs are set for Tanzanian characteristics.

A community in Quadrant 1 would have a stronger response to price reductions,
and therefore the cost per capita would be lower. However, the potential health gains
from the intervention would be smaller and so the cost per DALY averted would not
be correspondingly low. This might reflect a ‘do it anyway’ choice for service providers
because it would be relatively low cost, and could be done as a complementary
activity to other health interventions because of its relative ease. A high price elasticity
(e.g. -0.9) in a moderate scenario such as Scenario A, with higher relative risk of disease
from weather dependent pricing (e.g. of 0.7), could give such a choice.

A community in Quadrant 2 would have a stronger response to price reductions
and lower cost per capita, and in tandem, the potential health gains would be higher,
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Figure 2 Community response to pricing vs. health impact of intervention

meaning lower cost per DALY averted. This represents a favourable community
for implementation of weather dependent pricing, with potentially high value for
money. For instance, high price elasticity (e.g. —0.9) in Scenario A with low relative
risk (e.g. 0.3) could mean cost per capita might be as low as $0.05 and cost per DALY
averted under $3.

A community in Quadrant 3 would have a weaker response to price reductions
and therefore higher cost per capita because price reductions would need to be
greater. However, this could result in higher potential health gains. This situation
would require careful consideration and depend more on other community
characteristics such as total volume per capita collected or length of ‘seasonal
block’. The wide range of possible outcomes here can be seen in the comparison
between Community A and B in Figure 1(c-d), which show different costs per
DALY averted with the same E, and RR values. For communities in this quadrant,
weather dependent pricing could be customized if necessary, such as only focusing
on ‘responsive pricing’ days of free water.

Lastly, a community in Quadrant 4 would have a weaker response to price reduc-
tions, and therefore the cost per capita would be higher. The potential health gains
would also be smaller and therefore the cost per DALY averted would be even higher.
This represents an unfavourable scenario for weather dependent pricing, and one
where other health interventions should be prioritized. In such a community,
households’ response may be weak because of, for example, strong attachment to

Waterlines Vol. 41 No. 2 April 2022



148 W.INGRAM AND P. THOMSON

particular alternative sources (discussed more below); and reduced disease from
the intervention could be limited by, for example, primacy of non-water-related
diarrhoeal infection pathways or poor household storage practices.

Despite these crude divisions here, pricing, length of seasonal block, and
responsive pricing could be tailored to different communities to minimize cost and
cost per DALY averted.

Sensitivity of calculated outputs is similar between price elasticity, relative risk,
and desired increase in volume collected, and increases as E, tends to 0.0 and
RR tends to 1.0. Outputs also depend partly on volume collected per capita; however
in the rural settings under investigation here this is assumed to be relatively low
(Ingram and Memon, 2020). Uncertain inputs manifest as relatively uncertain
outputs, with probability distributions of outputs showing high relative width
values for Communities A and B (cost per capita = ~0.51; cost per DALY averted
= ~0.74). However, these distributions significantly skew towards lower cost and
lower cost per DALY averted, suggesting higher likelihoods of favourability.

Discussion

Weather dependent pricing appears to have the potential, in certain situations, to
cheaply and cost-effectively mitigate the risk of disease that comes with rainfall in
rural communities across sub-Saharan Africa.

Estimated costs per DALY averted here are likely to compare favourably against
estimates of the costs of DALYs averted from other water quality interventions in
sub-Saharan Africa, such as chlorination ($53), solar disinfection ($61), filtration
($142), source-based ($123), and flocculation and disinfection ($472) (Edwards,
2011). Furthermore, common additional household treatment by boiling water has
additional cost, biomass collection time and energy commitments, air pollution,
and ecological destruction (Clasen et al., 2008) which could be reduced here.

Low costs per capita compare well against other estimates of economic benefits
from improved rural water supply, which originate from less health care expen-
diture, more productive time, and reductions in premature mortality. The average
cost of childhood diarrhoeal illness in low- and middle-income countries is
estimated to be about $37 per outpatient episode and $160 per inpatient episode
(Baral et al., 2020).

When ‘responsive pricing’ is included as days of free water, cost per DALY averted
estimates presented are likely to be more favourable in reality because of the dispro-
portionate impact on health during heavy rain. Populations for Communities A
and B are conservatively estimated, also meaning estimates are likely to be more
favourable in reality.

This pricing mechanism has potential as a flexible and remote intervention
with good value for money and no need for additional capital expenditure or
maintenance costs. Free water has been noted as an emergency response to
shocks such as the Covid-19 pandemic; however, as far as evident, third-degree
price discrimination for domestic water is not recorded anywhere as being used
as a direct tool to incentivize the use of clean sources in this manner. Another
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way to see the mechanism is as the inverse of the deleterious situation where
efforts to improve cost-recovery through raised tariffs causes users to turn
instead to alternative, poor-quality free sources, resulting in attendant negative
health impacts (Cardone and Fonseca, 2003). Pre-payment ATMs can now avoid
the common complication to water pricing management of households failing
to pay. Pricing of rural water supply services tend to have many confounding
determinants mostly revolving around signals to households and financial
sustainability (McMullen and Bergman, 2018). Because this mechanism does not
involve amended baseline prices, concerns around selection of the best price in
the long term are less relevant.

Weather dependent pricing can also facilitate year-round operation of water
points. Continuity of water services for rural populations is a long-standing
challenge (DuChanois et al., 2019). It is reported in Kenya’s Kitui County that even
when all piped water systems are functional some operators have to close operations
in the rainy season because users go to alternative, free water sources, making the
businesses unviable (Nyaga, 2019). Even pre-payment ATMs are seen to close during
rainy seasons (Komakech et al., 2020). This is the most egregious manifestation of
the seasonality problem because the overall reduction in demand means that access
to better quality water is cut off even to those households who may still want to
collect it. This also means that no revenue at all can be collected over these periods.
Therefore, this mechanism has strong potential to improve equity in access and
result in greater total annual revenues for service providers.

It is well established that households often use rainwater and surface water sources
when seasonably available for a range of non-consumptive uses, such as washing,
(small-scale) irrigation, and cleaning (Hoque and Hope, 2018; Elliott et al., 2019);
therefore, seasonal reduction in collection of water from ATMs does not neces-
sarily correspond to a reduction in consumption of water from ATMs. Users naturally
avoid paying for water services when possible, and choose water sources depending
on the intended use in a highly rational way (Odhiambo and Almedom, 1994).
This decision-making around collection of and payment for clean and contami-
nated water is complex and influenced by the availability of money and responses
to health risks; in some cases this will result in consumption of contaminated water
and attendant adverse health impacts. We hypothesize that the influence of a well-
communicated price change may go some way to cut through this complexity and
result in an increased household demand to some degree as postulated. We are not
proposing that such an intervention will behaviourally change complex household
decision-making in a linear way, and the scenarios described in Figure 2 illustrate
the unpredictability of this, but if such a price-drop does incentivize continued
collection of clean water from ATMs for drinking purposes then this could lead to
health benefits.

Overall, weather dependent pricing is envisaged as a new tool to move these
new Internet-of-things pre-payment technologies beyond just monitoring and
revenue collection towards sophisticated, accountable remote management, and
therefore further support a professionalized service delivery approach, especially
as these technologies scale across sub-Saharan Africa.

Waterlines Vol. 41 No. 2 April 2022



150 W.INGRAM AND P. THOMSON

Considerations for implementation

Implementing weather dependent pricing would be a non-trivial exercise and
require understanding of specific community characteristics and preferences.
The first basic requirement is that a target community has an operational water
ATM; such communities are increasingly common across many sub-Saharan
African countries, and the fundamental mechanism would be applicable across
different countries and types of community. Beyond this, behavioural consider-
ations and risk perceptions are important alongside price (Anthonj et al., 2018).
For instance, households may exhibit some ‘present bias’ by deciding to use
convenient rainwater harvesting at their property rather than travel to communal
water points. ‘Nudging’ to change habits, which has gained currency in WASH
interventions, could help overcome such behavioural hurdles, for example
with SMS messages combining information on pricing and timing with health
reminders. This would come with additional cost, and must not substitute full
and transparent engagement with the community. ‘Conditional credit transfers’
direct to individual household tags if they are recorded to be used during rainfall
events could be a straightforward upgrade. A more challenging behavioural
hurdle is hypothesized to be the process of reintroducing higher payments on
the return of dry seasons, because people feel losses more than gains; however, the
physical onset of the dry season will perhaps psychologically couple to this price
change. The method of changing price will depend on the pre-payment modality
in question, but free credit rather than altering currency-litre conversions may
convey the powerful idea of having ‘won’ something that needs to be used.

‘Responsive pricing’ to days of heavy rainfall in the form of days of free water
(with a cap on collection) might overcome the well-known limitations to free water
because: 1) number of days per year would be low, 2) it would convey a much
stronger signal to households, and 3) the health risk from heavy rain run-off and
effluent contamination of alternative water sources is disproportionate. Accurate
localized measurement of rainfall in specific communities remains a challenge,
with satellite estimates currently unable to indicate days of heavy rainfall with the
required spatial resolution. This requires further investigation.

Depending on the setting, the risk of diarrhoeal diseases can be concentrated at
the start of the rainy season because pathogens accumulated over dry periods tend
then to be washed into water sources (Kraay et al., 2020). This might suggest that
weather dependent pricing could be most effective at the start of rainfall seasons.
While affordability hurdles would be theoretically lowered during rainfall periods,
seasonal income variation in agricultural communities may enhance or limit the
responsiveness to price changes. Inverse application for drought conditions is not
considered here as the health-rainfall relationship in such contexts has different
dynamics.

Some potential limitations that require further investigation are: 1) households
not knowing the price to enough precision to be influenced by price changes;
2) reduced pricing falsely communicating that the water is of lower quality or less
desirable; 3) non-consumptive uses of the alternative sources in question; 4) seasonal
barriers to collection from communal ATMs from, for example, degradation of paths
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by rainfall; and 5) the requirement for a fully functioning system with high water
quality throughout rainfall seasons.

Combination with direct subsidy transfers

Subsidizing provision of rural water services is increasingly viewed as necessary
to achieve universal, sustainable access, but such subsidies are often blunt instru-
ments that fail to achieve their goals (Rogers et al., 2002; Whittington et al., 2012;
Andres et al., 2019; McNicholl et al., 2019). A key challenge has been identifying
service delivery models and technologies that make subsidies more effective
(Null et al., 2012), and unlocking household payment behaviours will underpin
this (Hope and Ballon, 2019). Weather dependent pricing using pre-payment
ATMs may provide one response.

Precisely calculated lost revenues from individual ATMs over precise timescales
presents a mechanism for subsidizing water services by amounts directly derived
from operations rather than projections, while achieving a specific outcome of
reduced disease. Immediate ex-post payments would avoid long existing routes
of financial flows. Going directly to local service providers, or even water users
themselves as has been demonstrated with direct cash transfers, would maintain
accountability and efficiency and avoid negative spill-over while promoting
decentralization and subsidiarity. This would avoid the current cross-subsidization
from dry-season use, which is a limit to sustainability, and contribute financial
resilience to unexpected stresses such as major operation and maintenance work
(Foster, 2013). Subsidies must be predictable, transparent, targeted, and sufficient
(Winpenny, 2011), all of which could be achieved here. Common limitations of
water subsidies such as exclusion of households in more remote settings would be
avoided. Similarly, the risk of subsidies primarily advantaging richer households
or commercial users with false price blocks is reduced.

Practically, this ‘smart’ format of subsidy could be appealing to funders
because: 1) it could be relatively cheap and good value; 2) it could constitute a
form of payment-by-results to service providers; 3) the dual benefits of health
and financial sustainability are an opportunity to improve the benefit-cost ratio
of money spent; 4) it is very compatible with decentralized climate finance
schemes; and 5) it allows direct combination of water and health budgets.
It benefits from simplicity and minimal appraisal or monitoring and evaluation
and could be offered as a package by a service provider to donors, NGOs, or
corporate social responsibility budgets of companies based on precise projected
benefits as above.

If done successfully, weather dependent pricing could help support the shift
towards a professionalized service delivery approach while improving service levels
and community health. Groundwater shows promise as a potential buffer to climate
change (Lapworth et al., 2013; Bonsor et al., 2018; Cuthbert et al., 2019), but the
full benefits of this will only be realized if rural communities can use this supply
year-round. Weather dependent pricing could complement other socio-economic,
physical, and governance initiatives to support systemic resilience to climate
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change, by promoting this year-round use. The flexibility of seasonal pricing and
responsiveness to heavy rainfall can help build resilience to increasing unpredict-
ability and intensity of rainfall. Reduced affordability barriers for households can
help build socio-economic resilience, in line with the ‘wicked’ nature of rural water
supply in the face of climate change.

Data availability

Rainfall data is available from the following sources: Global Precipitation
Measurement (GPM) (Skofronick-Jackson et al., 2018) at Giovanni EarthData platform
(https://giovanni.gsfc.nasa.gov); Climate Hazards Group InfraRed Precipitation with
Station data (CHIRPS) (Funk et al., 2015) (https://chc.ucsb.edu/data/chirps); Tropical
Applications of Meteorology using SATellite data and ground-based observations
(TAMSAT) (Maidment et al., 2017) (www.tamsat.org.uk).
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