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EXECUTIVE SUMMARY 
 

The Liberian Waterpoint Atlas is the result of a comprehensive mapping exercise carried out in 2011. Led 

by the Ministry of Public Works, all improved waterpoints of Liberia were surveyed ς over 10,000 in total. 

This Atlas not only provides detailed maps of these, but also a systematic analysis of the collected data.  

The in-depth information has yielded insights that provide the empirical basis for investment planning 

and help formulate basic policy recommendations. !ƳƻƴƎ ǘƘŜ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ [ƛōŜǊƛŀΩǎ waterpoint 

infrastructure described in this Atlas, five critical insights and associated recommendations stand out:  

Five Insights & Recommendations 

A clear case for increased investment: There are over 10,000 improved waterpoints in Liberia, of which 

just above 60% are fully functional. This is not enough. Over 800,000 Liberians are entirely uncovered, 

and over 2 million lack adequate access. More than 1,700 schools do not have an improved waterpoint. 

To ensure improved access for all Liberians and each school, another 10,000 points are needed. There is 

thus a clear empirical case for funding an initial 8,200 points as envisaged in the Sector Strategic Plan.  

Prioritize ς lack of access is concentrated in a narrow corridor: More than 75% of Liberians without 

adequate access to improved ǿŀǘŜǊ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŀ ƴŀǊǊƻǿ άŎƻǊǊƛŘƻǊ ƻŦ ƴŜŜŘέ ŀǊƻǳƴŘ ƳŀƧƻǊ ǊƻŀŘǎ 

and towns (see Map 4). Funding for communal waterpoints should thus be distributed between counties 

based on relative lack of access and then prioritized across districts along the corridor of highest need. 

To avoid the neglect of areas of intense want (zero access) but moderate population, 20% of funds 

should be set aside ŦƻǊ ŀ ǎǇŜŎƛŀƭ άƴƻ ŎƻƳƳǳƴƛǘȅ ƭŜŦǘ ōŜƘƛƴŘέ ǇǊƻƎǊŀƳ ǘŀŎƪƭƛƴƎ ǊŜƳƻǘŜǊ ƭƻcations.  

Maintenance must improve:  Current breakdown rates are unacceptably high. Of the pumps built in 

2010, 15% are already broken down. More than a third of those built in 2004 are. Three steps should be 

taken to address this: Firstly, active community water committees significantly reduce the likelihood of 

pump breakdown, yet thousands of points still have none. This needs to change. Secondly, spare-part 

supply-chains need to be strengthened and more pump mechanics need to be trained. Finally, planning 

and vetting of constructors must be improved.   

Focus on Afridev pumps: More than 80% of all waterpoints in Liberia are of just one type ς the 

Afridev handpump. Moreover, Afridev pumps perform above average even when controlling for age and 

other relevant variables. Future construction should thus focus as much as possible on Afridev pumps to 

build on its good performance, and to realize efficiency gains e.g. by concentrating training of mechanics 

and spare-part supply chains on a single model. 

Strengthen coordination, decentralize capacity:       To direct funding and enforce guidelines (e.g. on 

pump type), coordination at the center needs to improve. To successfully construct and monitor 

infrastructure, capacity at the periphery needs to rise. Waterpoint building activity by major NGOs 

peaked in 2006-08 ς now is the time for the Liberian government to take over. 
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I. Introduction  

The Liberia Waterpoint Atlas is the product of a comprehensive mapping exercise carried out by the 

Ministry of Public Works and its partners in the first half of 2011. Over 10,000 improved waterpoints 

ŀŎǊƻǎǎ ŀƭƭ ƻŦ [ƛōŜǊƛŀΩǎ ŎƻǳƴǘƛŜǎΣ ŘƛǎǘǊƛŎǘǎ ŀƴŘ Ŏƭŀƴǎ have been mapped during this period. It is the first 

time that a complete map of all improved waterpoints of Liberia has been made available.  This Atlas 

presents and analysis the data in detail, and proposes a set of distinct policy recommendations. 

The waterpoint mapping exercise has been led by the Liberian Ministry of Public Works, with support 

from the Ministry of Health and the Liberian Institute of Statistics and Geo-Information Services (LISGIS). 

Assistance was also provided by national and international partners of the Liberian Government, 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ ²ŀǘŜǊ ŀƴŘ {ŀƴƛǘŀǘƛƻƴ tǊƻƎǊŀƳ ό²{tύΣ ¦bL/9C, CHF/USAID, and the NGOs 

that form the Liberian WASH Consortium, in particular OXFAM.    

This Atlas is structured in four broad sections: The next section will outline the scope and methodology 

of the mapping project, including all relevant definitions ǎǳŎƘ ŀǎ ǿƘŀǘ ƛǎ ƳŜŀƴǘ ōȅ ŀ άimprovedέ 

waterpoint. This is followed by a chapter giving an overview of the key statistics, insights and maps at 

the national level. Subsequently, the current Strategic Sector Plan is considered, and total investment 

requirements and prioritization are discussed and key insights are summarized. Finally, county-level 

maps are provided 

All the waterpoint data that was used for the statistical analysis and maps in this Atlas is available online 

in great detail and different formats (Stata, Excel, ESRI Shapefiles). To download the data, please visit 

[ƛōŜǊƛŀΩǎ Water, Sanitation and Hygiene sector website at: http://www.wash-libera.org   

  

II.  Scope and methodology of the mapping exercise  

This project mapped and surveyed all improved waterpoints in both urban and rural Liberia, covering 

the entire national territory.  The mapping exercise was thus comprehensive and not on a sample basis. 

The data in this Atlas is up-to-date as of March 2011 for rural areas, and June 2011 for urban areas.  

Definition of a n Ȱimproved ȱ ×ÁÔÅÒÐÏÉÎÔ  

The definition of an άƛƳǇǊƻǾŜŘέ (ƻǊ άǇǊƻǘŜŎǘŜŘέύ waterpoint follows international and Government of 

Liberia (GoL) standards.  According to the international definition provided by the World Health 

Organization and UNICEF, an improved waterpoint is άƻƴŜ ǘƘŀǘΣ ōȅ ƴŀǘǳǊŜ ƻŦ ƛǘǎ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǊ ǘƘǊƻǳƎƘ 

active intervention, is protected from outside contamination, in particular from contamination with 

ŦŀŜŎŀƭ ƳŀǘǘŜǊΦέi  

It is important to note that this definition is essentially a technical one ς if a water source is constructed 

in a way that one can assume it is protected, then the point is counted as improved. The water itself is 

http://www.wash-libera.org/
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not tested under this definition. Thus, for instance, a public standpipe that is technically fully functional 

is assumed to be an improved source of waterς the water itself is not being tested. This is a necessary 

simplification, because it is generally not possible and cost efficient to test the water quality in a 

laboratory for each and every waterpoint in large or remote areas. 

Table 1: List of improved versus unimproved/unimproved water-sources 

Improved water sources Unimproved Water sources 

Piped water into house or yard Unprotected spring/creek 

Public tap or standpipe Unprotected dug-well 

Pump on hand-dug well or borehole Water sold from handcart 

Protected Spring / creek Tanker-truck 

Rainwater collection Surface water (e.g. lake, river) 

Protected dug well Bottled water (case-by-case) 

 

This exercise mapped only waterpoints i.e. it excluded piped water (except public standpipes). Given the 

current absence of piped water networks outside the capital Monrovia, and the limited nature even 

within the capital city, a point-source map still gives a representative picture of the supply of improved 

water in Liberia in general. For the calculation of required new points, however, the planned expansion 

of piped water supplies in Monrovia, Buchanan, Kakata and Zwedru was taken into account. 

 

The survey found that protected springs are very rare in Liberia and rainwater collection in improved-

tanks is all but absent. As will be shown in detail in the sections below, the vast majority of waterpoints 

consists of manual pumps on top of protected hand-dug wells or boreholes, with some stand-pipes and 

elevated tanks (water kiosks), especially in urban areas. 

Liberia has many dug-wells without pump on top, but these were all classified as unimproved for the 

purpose of this exercise. Thus, like all other unimproved sources, they are not included in the map.  

Pictures 1 to 3: Examples of unprotected wells in Liberia 

   
 



5 
 

Wells without pumps have been classified as unimproved because they generally lack a lid, and even if 

they do, these are usually (though not always) haphazardly constructed. Unimproved sources have not 

been mapped, because it would have multiplied the workload without adding to the primary purpose of 

this Atlas, which is to show where the population has access to improved waterpoints, and where it 

does not, and how access to improved points could best be expanded.  

 

III.  National Results  

Total Number  and Functionality   

The total number of improved waterpoints in Liberia is just above 10,000. Of these 6,371 (63.7%) are 

technically fully functional, 1,098 (11%) are functional but with problems and 2,532 (25%) have been 

classified as broken down systems.  

Even among the 63.7% technically functional waterpoints, 1,019 report a perceived water quality 

ǇǊƻōƭŜƳ ƛΦŜΦ ǘƘŜ ǿŀǘŜǊ ƛǎ ƴƻǘ ά{ƻŦǘΣ /ƭŜŀƴΣ {ǿŜŜǘέ according to the users.ii . A wide range of complaints is 

covered by this bad-quality indicator, from rusty, to salty, oily, colored or otherwise negatively affected. 

In more than 300 cases, this is so serious that the waterpoints ς though technically functional ς have 

actually been abandoned for drinking (though may still be used for tasks such as washing). The total 

number of technically functional points that are actually in use for drinking is thus only 6,015 (60.1%)iii. 

Table 2: Number and functionality of [ƛōŜǊƛŀΩǎ ǇǊƻǘŜŎǘŜŘ ǿŀǘŜǊǇƻƛƴǘǎ 

 

A further issue affecting actual use is seasonality. At least 935 of the functional, in-use waterpoints only 

give enough water during the rainy season i.e. the number of fully functional, in-use waterpoints that 

provide a steady supply of water throughout the dry season is only 5,080 (50.8% of all waterpoints). 

Map 1 below shows the location of all functional, in-use waterpoints across Liberia (more detailed 

county maps are provided in later sections). Lighter background tones indicate better average service, 

calculated as a simple ratio of population per functional in-use waterpoints. Ideally, the population per 

waterpoint should be 250 or lower, because technically ŀ ǘȅǇƛŎŀƭ ǿŀǘŜǊǇƻƛƴǘΩǎ ŎŀǇŀŎƛǘȅ ƛǎ ƭƛƳƛǘŜŘ ǘƻ 

servicing at most 250 to 300 persons safely and sustainably.iv This target figure is only reached in Bomi 

county. Note that the ratio of (county) population per waterpoint does not take into account the 
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distribution of waterpoints relative to the population within an area. Thus, some sub-areas within a 

county may have much worse service than the average.  

Map 1: Distribution of functional in-use waterpoints and average population per waterpoint 
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Table 3 breaks down the number of points by county, showing both the total and how many of these are 

fully functional and in-use.  

 

Table 3: Number of waterpoints per county by functionality 

 
      

Alarmingly, among the 1,121 points that were constructed in the year 2010, 171 (15%) are already 

broken down, and 122 (11%) report a problem. The percentage broken down rises steadily as one moves 

back in time ς of those points constructed in 2004, more than a third (35.7%) are broken down, and a 

further 11% are reporting problems. Figure 1 shows the high breakdown rates and their increase over 

time. 

This rate of pump 

breakdowns is unacceptably 

and unsustainably high. As 

will be discussed below, 

community water 

committees can be shown 

to reduce the likelihood of 

pump-breakdown and 

increasing their incidence is 

thus one way to address 

this issue. Training more 

local pump mechanics, and 

improving the availability of 
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spare-parts is another. Finally, planning of pump construction needs to be further professionalized and 

supervised. 

Among the broken down or functionally impaired points, the cause of damage is most commonly related 

to the pump, as shown in Table 4. Specifically, this ranges from issues like stolen handles and stolen 

pump-heads to damage to u-seals and valves. Well related problems are the second largest category, 

usually relating to spoiled, polluted or dry wells. It is likely that pump-related damages are much easier 

and more cost-efficient to address, and rehabilitation efforts should thus prioritize points that do not 

have well-related issues.   

Table 4: Damage types by category 

 

The high-demand for easily accessible waterpoints is shown by the fact that almost half of those 

waterpoints that have technical problems or have broken down continue to be in use, even though 

these are not improved anymore.  The total number of waterpoints that are in use ς whether or not 

they are still fully functional and improved, is thus 7,667 at present (76.7% of all points). 

Picture 4: Continued use of an unimproved, broken down waterpoint 

 

In identifying waterpoints suitable for rehabilitation, stakeholders should focus on the subset of broken 

down or impaired systems that are still in-use (indicating drinkable water) and have no well-damage 

(which is usually the most expensive to fix). There are approximately 1,800 such points in the country. 
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Further c ÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ,ÉÂÅÒÉÁȭÓ improved  waterpoints  

The Liberian Waterpoint survey collected a considerable amount of information on each waterpoint that 

was mapped, which is summarized in this section. This information on the characteristics of the 

waterpoints provides crucial additional planning inputs.  

As Table 5 below highlights, over 90% of all improved waterpoints in Liberia are handpumps, and more 

than 80% of all points are actually of just one type of handpump ς the Afridev model. This is a significant 

insight. Given the enormous predominance of Afridev pumps, there is a strong argument to be made 

that future construction of handpumps should also focus on that model in order to make spare-part 

supply chains and training of mechanics more efficient. As the information presented below shows, this 

argument is reinforced by the relatively good performance of the pump in terms of breakdown rates. 

Table 5: Waterpoint types in Liberia 

 

The high percentage of functional and in-use Afridev pumps (62.7%) compared to models such as 

Vergnet and Kardia is undoubtedly influenced by the fact that the average construction date of Afridev 

(and India Mark) pumps is significantly more recent than that of Consallen, Kardia and Vergnet pumps. 

While the average construction date of Afridev pumps is around 2006, the average construction dates of 

the latter three types are between 1996 and 2000. Indeed, more than 90% of the current Afridev 

handpumps were built after 2003 and while the percentage of Afridev handpumps today is over 80% of 

all waterpoints, before 2003 it was only 62%. This suggests a post-conflict shift towards Afridevs. 

However, more recent average construction is not the only reason for the good performance of the 

Afridev pump. The Afridev model also performs better than average if one considers only the pumps 

constructed after 2003. Among all pumps constructed in the last 8 years, 65% are fully functional, but 

this figure rises to 67% for Afridev pumps alone. Econometric analysis confirms this. A logistic regression 

confirms that controlling for age and other relevant variables, the probability for pump impairment (i.e. 
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the pump being broken down or functional but with problems) decreases significantly if the pump is an 

Afridev pump. It also decreases significantly if the pump is managed by a community committee (i.e. if 

there is local ownership and maintenance), if money is collected by that committee (either monthly or 

upon a breakdown), and the closer the pump location is the Monrovia or a county capital (which makes 

it easier to procure spareparts and know-how). v  

Pictures 4 and 5: Waterpoint mapper with Afridev pump and Afridev handpump overviewvi 

 
  

It is interesting to note that in spite of some old waterpoints, most are actually of relatively recent 

construction. aƻǊŜ ǘƘŀƴ ур҈ ƻŦ [ƛōŜǊƛŀΩǎ improved waterpoints have been constructed since 2003, and 

more than 60% since the last election in 2005.vii 

The data on construction dates also 

shows that building of waterpoints 

accelerated enormously after the end of 

the war as Liberians started to rebuild 

their country and international actors 

rushed in to meet emergency needs. This 

emergency relief phase has peaked in 

2007, with a slow decrease of annual 

construction since. Indeed, the 

construction for most major INGOs has 

petered off after a peak in 2006-08 (this is 

true for ACF, CCF,DRC, the EU, Living 

Water, NRC, Solidarite, Tearfund, ZOA 

Table 6: Construction date of waterpoints in Liberia 
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and UNICEF/UNHCR/UNMIL, with the emergency specialist Red Cross peaking even earlier in 2005). By 

contrast, albeit still at a low level, the building activity of the Government of Liberia, communities, 

private individuals and companies has steadily increased since 2005, and that of smaller NGOs has 

remained fairly stable. This is a hopeful result showing that Liberians are slowly but steadily increasing 

their share in reconstruction work, even as INGOs still play a large role in the sector. 

The primary installers of waterpoints in Liberia since the war are listed in Table 7 below. Less than 

twenty international NGOs have built over 3,500 waterpoints since 2003, or 45% of the total 

construction. The remainder has been constructed by small NGOs, the Liberian government, private 

individuals and communities, companies and churches. It is interesting to note that points installed by 

communities and private individuals have one of the highest functionality rates, providing another 

pointer towards the importance of local ownership.  

Table 7: Main installers of handpumps after 2003 

 

Another important variable related to ownership is whether a waterpoint is managed by a local 

community. Overall, 57% (5,697) of all waterpoints reported to have a local water committee. Of these, 

almost 80% (4,422) collected money for the maintenance of the point, but only 25% did so regularly 

once a month, whereas over 50% only in case of a breakdown. As has been pointed out above, local 

management by a water committee and fee collection both significantly decrease the likelihood of 

breakdown. 
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Three questions that were only asked in urban communities are whether a waterpoint is regularly 

treated (e.g. with Chlorine), whether water is sold by the gallon and if so, at what price. It emerged that 

63% of the approximately 2,700 urban waterpoints are regularly treated, but that only 360 urban points 

sell by the gallon. It should be noted that in some communities, water is sold by tanker trucks or small 

carts, and payments are sometimes made for the act of fetching water from otherwise free sources. 

These transactions have not been captured here. However, for the urban points that sell directly by the 

gallon, more than 90% price water at 5 Liberty Dollars or less per gallon, the mean price being 4.3 

Liberty Dollar. 

Distribution, Coverage and Access  

In Liberia as a whole, approximately 76% of the population lives within 1.5 miles of a fully functional, in-

use waterpoint. This may be referred to as coverage. The flipside of this is that 24% of the population, 

that is, more than 800,000 Liberians are entirely uncovered i.e. outside a reasonable, walkable distance 

of even just a single improved waterpoint. Map 2 below illustrates this. 

Map 2: Areas of settlement within 1.5 miles of a functional, in-use improved waterpoint. 
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Covered areas are highlighted in light-green, whereas dark-grey represents settled areas further than 

1.5 miles from the next fully functional, in-use waterpoint. Light-grey areas are also beyond 1.5 miles 

from the next waterpoint, but do not contain settlements. The coverage figure, however, is problematic 

and overly optimistic, because it does not take into account how many persons there are in the vicinity 

of each waterpoint. Thus, an area may be fully covered in the sense that every inhabitant is within 1.5 

miles of a waterpoints, but if there are too many inhabitants for each point, many will not actually have 

sustainable access to improved water. 

According to the UNICEF WASH Technology Information Package (2010), the waterpoint types 

predominantly employed in Liberia have a maximum capacity of 250-300 persons per point. viii More 

than 250-300 persons per point cannot be adequately served, and the sustainability of the point will also 

be negatively impacted due to overuse, breakage and well-depletion. As Map 1 and Table 8 highlight, 

the average population per waterpoint in Liberia is generally significantly above 500 persons per point. 

Table 8: Current coverage, population per point and access by county 

 

¢ƘŜ ƳŜŀǎǳǊŜ ƻŦ άŎƻǾŜǊŀƎŜέ ƛǎ ǘƘǳǎ ƻŦ ƭƛƳƛǘŜŘ ǳǎŜ ōŜŎŀǳǎŜ ƛǘ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ Ƙƻǿ Ƴŀƴȅ 

ǇƻǘŜƴǘƛŀƭ ǳǎŜǊǎ ǎƘŀǊŜ ŜŀŎƘ ǇƻƛƴǘΦ άtƻǇǳƭŀǘƛƻƴ ǇŜǊ Ǉƻƛƴǘέ ǇǊƻǾƛŘŜǎ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ 

average number of users per point within a county, but is also sub-optimal because it does not take into 

account that the population is very unevenly distributed within an area as large as a county or district. 

Building waterpoints in one area of the county will lower ǘƘŜ άǇƻǇǳƭŀǘƛƻƴ ǇŜǊ Ǉƻƛƴǘέ Ǌŀǘƛƻ ŦƻǊ ǘƘŜ ǿƘƻƭŜ 

county, even though only the inhabitants in the immediate vicinity of the new points actually benefit. 

The ratio could be at under 250 persons per point, even as some areas of the county remain uncovered. 
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The most realistic measure of service availability is thus access. The access statistic only counts 

waterpoints in the vicinity of the population. Access is defined as the percentage of the population that 

can be supplied taking into account that each waterpoint only has a capacity of serving 250 persons in 

an improved, sustainable manner, and that only waterpoints in the vicinity of a settlement can supply 

that settlement. To illustrate this, imagine a city of 5,000 people who all live within 1.5 miles of one 

single central waterpoint. This city would have coverage of 100%, because everyone is within 1.5 miles 

of a point, but the access rate would only be 5%, because the single waterpoint can only supply 250 out 

of the 5,000 inhabitants in an improved and sustainable manner.    

Map 3: Number of persons without access (by planning area of max. 9 square-miles)  
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Overall, access provided by improved waterpoints is only 40% in Liberia. In other words, the existing 

waterpoint infrastructure in Liberia is only suitable to provide access for 1.4 million out of the total 

population of 3.5 million (2008).  

Viewed differently, approximately 2.1 million Liberians lack adequate access. Map 3 above shows how 

the Liberians without access are distributed across the county. Thus, full access (green) means that there 

is at least one waterpoint per 250 persons within that square planning area. Light-orange means that 

within that cell, the population is 1-250 persons higher than the number that can be safely and 

sustainably covered by the existing waterpoints in that area (i.e. a maximum of 250 persons per point). 

As can be seen on Map 3 above, most persons without access are clustered together. As Map 4 below 

highlights, there is actually a άŎƻǊǊƛŘƻǊ ƻŦ ƴŜŜŘέ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ŀǊŜŀ ǘƘŀǘ ƭƛŜǎ ǿƛǘƘƛƴ о ƳƛƭŜǎ ƻŦ ŀ 

paved and primary road or within 10 miles of ŀ Ŏƻǳƴǘȅ ŎŀǇƛǘŀƭΦ ¢Ƙƛǎ άŎƻǊǊƛŘƻǊ ƻŦ ƴŜŜŘέ Ŏƻƴǘŀƛƴǎ ŀbout 1.5 

million (75%) of the Liberians currently without access to adequate improved water supply.  

Map 4Υ ¢ƘŜ άŎƻǊǊƛŘƻǊ ƻŦ ƴŜŜŘέ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ тр҈ ƻŦ [ƛōŜǊƛŀƴǎ ǿƛǘƘƻǳǘ ŀŎŎŜǎǎ ǘƻ improved water  
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¢Ƙƛǎ ǎŀƳŜ ŎƻǊǊƛŘƻǊ ƛǎ ŀƭǎƻ ǘƘŜ ƘƻƳŜ ƻŦ ƻǾŜǊ тл҈ ƻŦ [ƛōŜǊƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ул҈ ƻŦ ǘƘŜ 

existing functional, used waterpoints. However, due to the very high population, even though the 

existing waterpoints are already concentrated in the same area (even slightly disproportionately so), 

these population dense areas is nevertheless where most absolute lack of access can be found.  

This makes a very important point: While it is true that many remote settlements are severely 

undersupplied, one must realize that the vast majority of those without improved and sustainable 

access actually live close to roads and major towns. 

Map 5: ¢ƘŜ άŎƻǊǊƛŘƻǊ ƻŦ ƴŜŜŘέ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŜȄƛǎǘƛƴƎ ǿŀǘŜǊǇƻƛƴǘǎ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 






















































