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The challenge

Access to safe water remains one of Sub-Saharan Africa’s most
persistent challenges—only 64% of people use improved
water sources compared to 90% globally. Yet these averages
mask vast spatial and seasonal inequalities. Traditional
assessments, often based on household surveys, produce
static snapshots that overlook fluctuations in availability,
infrastructure degradation, and the time and effort required
for daily water collection.

The ACWA solution

The Access to Water in Africa (ACWA) Tool introduces a
transformative, spatially explicit approach to assessing water
accessibility. Moving beyond aggregated statistics, it
integrates multiple water sources with walking-only and
motorized travel scenarios to estimate monthly service levels
at community scales. Built on a three-tier framework—water
resource assessment, accessibility modeling, and service
classification—ACWA aligns with WHO, JMP, and Sphere
standards to directly support Sustainable Development Goal
(SDG) 6.1.1 monitoring.

Ghana pilot implementation

A pilot study in Ghana illustrates ACWA’s ability to expose
hidden disparities in water access. Under walking-only
conditions, 86-90% of rural populations experience
inadequate access during the dry season. Motorized transport,
however, significantly improves service levels, underscoring
how mobility constraints—not just resource scarcity—define
water security outcomes. This finding highlights the crucial
role of transportation infrastructure in shaping equitable
access.

Strategic impact

As climate change and population growth intensify water
stress, ACWA provides decision-makers with a dynamic, data-
driven framework for understanding spatial and seasonal
accessibility. By integrating mobility constraints, cost-benefit
analysis, and infrastructure prioritization, the tool enables
early warning for displacement risk and targeted investment
planning. ACWA shifts water security assessment from static
coverage reporting to real-time accessibility analysis, offering
the temporal and spatial precision needed for evidence-based
interventions that address the root causes of water insecurity
in Africa.

Introduction

Access to safe water remains one of Sub-Saharan Africa’s most
persistent development challenges—only 64% of people have
access to improved water sources compared to 90% globally
(World Bank, 2024). Yet these averages conceal deep spatial
and seasonal disparities. Traditional assessments based on
household surveys offer static coverage estimates that fail to
reflect seasonal variability, infrastructure degradation, and
physical accessibility constraints affecting daily water
collection.

Water access extends beyond infrastructure to include travel
time and mobility. Many households, especially in rural areas,
face “travel time poverty,” where physical distance or terrain
limits access despite theoretical service availability. In
contrast, populations with motorized transport enjoy
markedly better access, underscoring mobility as a critical
determinant of water security.

The ACWA Tool addresses these limitations through the
integration of high-resolution geospatial data, accessibility
modeling, and international service-level standards. By
accounting for seasonal variation, transport modes, and
climate-driven water availability, ACWA produces spatially
explicit assessments that enable evidence-based planning,
humanitarian response, and SDG 6.1.1 monitoring.

Access to borehole water. Source: Shutterstock



The ACWA tool operates through a three-tier analytical
framework systematically addressing water resource
assessment, accessibility modeling, and service
classification (Figure 1). This hierarchical approach captures
complex interactions between water availability,
infrastructure, and human mobility for actionable decision-
making.

Groundwater potential analysis

Assessment employs multi-criteria analysis with Analytical
Hierarchy Process weighting generating a Groundwater
Suitability Index. Integration includes depth, storage capacity,
productivity, and recharge sustainability using British
Geological Survey (British Geological Survey, 2021a, 2021b)
and PCR-GLOBWB datasets. AHP prioritizes productivity
(borehole yield relationship), followed by recharge
sustainability, storage capacity, and depth accessibility,
distinguishing reliable long-term potential from depletion-
vulnerable areas (Figure 3).

Access to Water (ACWA) Tool

Integrating Water Availability, Travel Time, and Population Needs for SDG 6.1.1 Monitoring
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Figure 1. Conceptual framework of the Access to Water in Africa (ACWA) Tool showing the three-tier analytical approach integrating water
resource assessment, water availability and accessibility analysis, and service level classification with decision support applications.

Source: IWMI

Water resource assessment

River discharge

Surface water assessment utilizes VegDischarge v2, providing
monthly discharge estimates at Tkm resolution across over
650,000 river segments—a significant enhancement from
64,000 segments (Akpoti et al., 2024) (Figure 2). The
methodology reserves 30% of discharge for environmental
flows, converting monthly data to volume estimates
compared against population demand to determine per-
capita availability.

Reservoirs and dams

Assessment integrates Northern Ghana studies (Siabi et al.,
2023), OpenStreetMap inventories (2018-2024), and satellite
measurements. Volume calculations use empirically
validated area-volume relationships for small African
reservoirs (Liebe et al., 2005),

excluding reservoirs <0.02 hec L/person/day for 2000
people). Methodology accounts for seasonal storage
variations, critical in northern Ghana's dry periods.

Figure 2. Spatial distribution of
small reservoirs and dams
across Ghana included in the
ACWA analysis. (Source: IWMI)
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Infrastructure assessments incorporate existing databases
evaluating groundwater suitability-infrastructure
relationships. High potential/limited infrastructure areas
represent priority investment zones, while adequate
infrastructure/declining yield regions require alternative
development or aquifer management. This ensures
accessibility assessments reflect realistic procurement
scenarios rather than theoretical availability.
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Cost-distance calculations utilize Dijkstra's algorithm
implementation through the gdistance package (van Etten,
2017), with careful attention to geo-correction procedures
that account for latitude-dependent variations in cell
distances (Hijmans & van Etten, 2014). Monthly processing
cycles ensure that seasonal variations in water source
availability are properly reflected in accessibility
assessments (Weiss et al., 2018).

Figure 3. Groundwater potential and infrastructure distribution in
Ghana showing (A) spatial distribution of groundwater suitability
classes with corresponding population shares by suitability
category, and (B) national borehole inventory displaying depth
distribution and frequency. (Source: IWMI)

The accessibility component represents ACWA's most
innovative contribution (Figure 4). Traditional approaches
assume uniform accessibility or apply simple distance
buffers failing to account for topographic barriers and
infrastructure. ACWA employs least-cost path analysis
integrating landscape movement factors (Weiss et al., 2018).
The methodology utilizes Global Friction Surface 2019,
providing standardized travel time estimates at Tkm
resolution integrating roads, railways, waterways,
topography, and land cover (Weiss et al., 2020). This ensures
estimates reflect complex African rural movement realities
(Nelson, 2008).

The methodology models two transportation scenarios
capturing mobility constraints. Walking-only scenarios
(Figure 5) represent rural populations lacking motorized
transport, while motorized scenarios (Figure 6) reflect
urban/peri-urban conditions. This dual-scenario approach
reveals stark access disparities hidden under uniform
assumptions.
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Figure 5. Monthly walking-only travel time to rivers in Ghana based

on river discharge >1 m3/s from monthly climatology (2001-2021).
(Source: IWMI)
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Figure 4. Example workflow diagram for accessibility modeling to
river networks within the ACWA framework. (Source: IWMI)
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Figure 6. Monthly motorized travel time to rivers in Ghana based
on river discharge >1 m3/s from monthly climatology (2001-2021).
(Source: IWMI)
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ACWA classification synthesizes quantity and travel time
through internationally recognized standards (Figure 7).
Drawing from WHO basic needs assessments (WHO, 2017),
JMP service ladders (WHO/UNICEF, 2021), and Sphere
humanitarian standards (Sphere Association, 2018), ensuring
SDG 6.1 monitoring consistency. Eight service levels range
from exceptional access exceeding health targets to
inadequate access with health risks.

Each level incorporates quantity thresholds
(liters/person/day) and maximum travel times, following 30-
minute collection guidelines for basic service (WHO/UNICEF,
2017). Integration includes WHO 15-20 L/person/day
requirements with emergency 15 L/person/day survival
thresholds (Sphere Association, 2018). Temporal aggregation
identifies the most frequent service levels experienced
annually.

Water quality integration

ACWA incorporates quality assessment through turbidity-
based risk evaluation using Modified Universal Soil Loss
Equation modeling predicting sediment yields and turbidity
levels. Methodology translates erosion assessments into
turbidity predictions through empirically calibrated rating
curves relating sediment loads to water clarity. Quality
classifications follow WHO guidelines identifying 5
Nephelometric turbidity units (NTU) operational threshold
for effective disinfection and 10 NTU treatment failure risk.
Sources exceeding thresholds receive penalty scores
downgrading overall classifications regardless of
quantity/accessibility metrics.

Seasonal water accessibility in Ghana

Ghana serves as an ideal pilot for the ACWA Tool given its
diverse climatic zones, varied water systems, and well-
documented access challenges. The implementation
analyzed multiple water sources, transport modes,
settlement types, and administrative units to capture spatial
and temporal disparities in water accessibility. Results
reveal strong contrasts across UN-Habitat settlement
classes—rural areas, urban clusters, and urban centers.
Rural zones dominate spatially (6.8 million people),
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Figure 7. Water access classification matrix integrating quantity and
travel time standards for the ACWA Tool. (Source: IWMI)

while urban clusters (8.7 million) and centers (18.6 million)
concentrate around cities. Monthly assessments under
walking-only and motorized scenarios highlight the decisive
role of mobility in determining access.

Under walking-only conditions, inadequate surface-water
access affects over 90% of rural populations during the dry
season, with minor improvements in wetter months. In
contrast, motorized transport dramatically improves
accessibility, enabling many communities to reach adequate
or exceptional service levels even in dry periods. These results
show that transportation infrastructure—not just water
availability—is a critical driver of water security, underscoring
the need for integrated planning that links mobility and water
access.
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Despite progress in providing potable water, reliable water access is still recognized as an economic risk. In Ghana, 8% of
households still spend over 30 minutes —often well over an hour collecting water (Amankwaa et al., 2024; UNICEF Ghana,
2024). Boreholes/tubewells supply 33.6% of rural households, while rivers and reservoirs provide water for 14.7% of rural

populations, compared to 7.4% and 1% in urban areas, respectively (Figure 8).

Sachet water
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Figure 8. Main sources of drinking water by types of localities in Ghana (Source: Ghana Statistical Service 2021).

In Ghana, households already devote about 3% of annual expenditure to Water, Sanitation, and Hygiene (WASH)
services, and when the unpaid time spent collecting water is valued at the minimum wage this hidden cost rises to 4.3 %,
disproportionately burdening women and low-income families (UNICEF, 2021). At the same time, Ghana’s economy
looses US$290 million, 1.6 percent of GDP each year due to poor water and sanitation access (World Bank, 2012). Across
developing economies, inadequate water supply and sanitation shave roughly US $260 billion—or 1.5 % of GDP—every
year through lost productivity, health costs and premature deaths (World Bank, 2012). Looking ahead, climate-amplified
droughts, floods and storms could wipe out US $5.6 trillion of global GDP by 2050 if resilience measures lag, signalling
systemic exposure for governments, businesses. These figures underscore that closing SDG 6 gaps is not only a social
imperative but also a strategic hedge against escalating financial losses.
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Figure 9. Monthly river water access service levels for rural Figure 10. Monthly river water access service levels for urban
populations in Ghana under walking-only travel scenarios, showing cluster populations in Ghana under motorized travel scenarios,
population distribution across eight service categories from demonstrating dramatically improved accessibility compared to
exceptional to inadequate access. (Source: IWMI) rural walking-only conditions. (Source: IWMI)
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Applications and impact and mobile-based monitoring could provide continuous
updates from communities. These innovations will further

The ACWA Tool introduces major methodological advances in strengthen ACWA’s capacity for dynamic, inclusive water
assessing water accessibility. By integrating multiple water management.

sources into a unified geospatial framework, it moves beyond

single-source approaches and static coverage maps. Its Conclusion

explicit incorporation of transportation scenarios exposes

how mobility constraints often pose greater barriers to ACWA delivers a new standard for mapping and

access than water availability itself. The tool’s monthly understanding water access in Africa—combining spatial
temporal resolution captures seasonal dynamics, while precision, temporal sensitivity, and multi-source integration

reliability assessments identify areas prone to seasonal

- . L - . consistent with international monitoring standards. Its pilot
service failures requiring alternative supply strategies.

implementation demonstrates value for development
planning, emergency response, and climate adaptation,

Future development directions revealing disparities invisible to conventional methods.

Planned enhancements include expanding water quality
modeling to cover bacterial and chemical contamination,
assessing water point functionality, and incorporating social

As climate pressures and population growth intensify, ACWA’s
open and modular framework positions it as a cornerstone for

and economic barriers to access. Integration of climate achieving universal and equitable water access across the
scenarios will support long-term planning, while real-time continent.
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