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EXECUTIVE SUMMARY
1. INTRODUCTION
The Southern African Development Community (SADC) region is prone to recurring droughts, having
undergone a series of severe droughts during the 2015/2016, 2016/2017 and 2018/2019 summer
rainfall seasons. These decreased rainfall and drought periods have been an ongoing problem for
several years, with the dry season growing longer and hotter. Whilst the effects of drought are visual
for surface water impacts, groundwater impacts remain hidden and are more insidious.
Groundwater drought occurs when droughts impact groundwater systems such as groundwater
recharge, groundwater levels, and groundwater discharge, and cause them to decrease over a period
of months to years. Lack of precipitation is the main cause of this drought because the rainfall deficit
usually leads to decreased groundwater recharge. This is usually aggravated by groundwater
abstractions for irrigation, domestic, and industrial uses, and it’s the overexploitation of the
groundwater resources.
The reaction of groundwater to climatic input is often delayed and smoothed, i.e. a groundwater
drought does not always develop in-line with surface water drought periods. Groundwater drought is
not a common phenomenon, but when it happens, it often shows long periods of below-normal
groundwater levels and is very unlikely to recover quickly. Understanding this phenomenon helps
Member States better prepare for groundwater droughts and improve their resilience to withstand
these shocks in the future.
In response to the above, the Southern African Development Community Groundwater Management
Institute (SADC-GMI) is implementing the project: Assessment of Groundwater Resources
Development Priority Intervention Areas in the Southern African Development Community (SADC)
Region (SADC GMI-GDRI) which seeks to bring the role of groundwater in securing water supply during
periods of droughts to the forefront and provide for proactive planning, recommendations and
management of groundwater and surface water systems.
The study makes use of existing datasets to deliver the revised GDR map, surface water drought risk
map, and population vulnerability map of the SADC region. Further to this, the study performs a
practical assessment of the water resources which can be mobilised to support sustainable domestic
water supply investments in priority areas. This report provides the results from the hotspot analysis,
as well the accompanying domestic water supply interventions that are proposed for these hotspots.
2. METHOD TO IDENTIFY HOTSPOTS
The revised GDR map, surface water drought risk map, and population vulnerability map were
overlayed and analysed together to identify hotspots in the SADC region.

GMI-GDRI: Domestic Water Supply Interventions Report

Final Draft viii

a)

b)

c)

Figure 1: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population
Vulnerability Areas of Priority overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the
surface water risk map for SADC mainland.

Zones were identified as key areas of concern as it relates to GDR and surface water risk, as well as
population vulnerability. These zones (B1 to 19 on the SADC mainland, with additional zones indicated
on the individual island maps) have been combined for ease of discussion, into the following grouped
maps:
•

Group 1: B1 – B5 (covering DRC and Tanzania);

•

Group 2: B6 – B10 (covering Zambia and parts of Zimbabwe);

•

Group 3: B11 – B12 (covering parts of Zimbabwe);

•

Group 4: B13 and B15 (covering Eswatini and Lesotho – although due to their isolated small
geographical areas, presented in two separated map views);

•

Group 5: B14, B16 – 17 (covering South Africa, Namibia); and

•

Group 6: B18 – B19 (covering Angola).

Zones B20 to B26 are located on the Island States (Comoros, Madagascar, Mauritius and Seychelles)
and are presented separately as explained above.
3. METHOD TO IDENTIFY DOMESTIC WATER SUPPLY INTERVENTIONS
A key component of this project is to identify the most adequate and cost-effective domestic water
supply interventions for the centres which are in most need. Eleven domestic water supply
interventions were considered:
1. Sand dams
GMI-GDRI: Domestic Water Supply Interventions Report
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2. Rainwater harvesting
3. Stormwater harvesting
4. Surfwater water reservoirs (dams)
5. Run of river abstraction
6. Desalination
7. Water reclamation and reuse
8. Groundwater reclamation and reuse
9. Managed aquifer recharge
10. Drilling of new boreholes
11. Conjunctive use
The final selection of the most applicable suite of interventions (from the 11 interventions) is based on
the consideration of:
•

the population served by the intervention

•

the technical feasibility of the interventions, for the specific region

•

the financial feasibility of the intervention within the context of the specific country and
region.

•

other important considerations, such as protected areas.

These factors feed into a typology matrix, that is used to conceptualize the different interventions,
develop selection criteria and identify the data sources that are required. Based on the typology
matrix, the 11 interventions are assessed and refined through a process of elimination for each of the
26 hotspots.
To identify areas within the hotspots, where certain interventions are possible, the hotspot is
subdivided by using a grid and the grid cells are assessed on a set of selection criteria developed for
each intervention. The selection criteria are derived from the technical requirements associated with
the intervention. By evaluating each grid cell with the help of data queries and models in GIS software,
a suite of most applicable interventions is identified for various geographical regions within each
hotspot zone.
For those interventions that are deemed technically feasible, a high level, qualitative cost-benefit
analysis was used to refine the suite of technically feasible interventions per hotspot zone.
To further assess the applicability of the interventions, literature studies were conducted by specifically
reviewing literature which provides an overview of the water resources and main water supply
challenges within each hotspot zone. Additionally, data layers such as the protected areas were used
to further refine the interventions.
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4. RESULTS
The maps with the identified hotspots are presented below.

Figure 2: Final selection of hotspots identified for identification of interventions for SADC mainland

Figure 3: Identified hotspots zones in Comoros and Madagascar
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Figure4: Identified hotspots zones in Mauritius and Seychelles

Water supply interventions have been identified for the 26 zones or hotspots (B1 to 19 on the SADC
mainland, with additional zones indicated on the individual island maps). The final proposed
interventions (those that are the best suited for each hotspot, considering a range of factors) are
presented in the table below. A survey was sent to the Member States to get an idea of the cost of the
different interventions as well as additional information on existing drainage networks and water
treatment plants within the hotspot areas. Based on the intervention costs of the country, only the
most cost-effective and preferred interventions per hotspot zone are presented. The potential
institutional constraints and challenges are discussed later.
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Table 1: Proposed interventions for the hotspots in Member States

Member
States
DRC

Tanzania

Malawi

Mozambique

Zambia

Zimbabwe

Eswatini
South Africa
Lesotho
Namibia

Hotspot
ID
B1
B2
B2
B3
B4
B5
B6
B7
B8
B7
B8
B12
B13
B6
B9
B9
B10
B11
B12
B13
B11
B14
B16
B15
B17
B18

Sand Dams

Rainwater
Harvesting

Stormwater
Harvesting

Dams

No
Yes
No
Yes
No
*Yes
*Yes
No
Yes
Yes
No
*Yes
No
Yes
Yes
*Yes
Yes
Yes
*Yes
Yes
Yes
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
*Yes
Yes
Yes
Yes
*Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No

Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
*Yes
No
Yes
No
No
No
No
No
No
Yes
No
No
No
No

Yes
Yes
Yes
*Yes
No
Yes
*Yes
*Yes
*Yes
No
*Yes
No
No
No
Yes
No
No
*Yes
No
Yes
*Yes
No
No
Yes
No
No
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Run of
River
Abstraction
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
*Yes
Yes
Yes
No
Yes
Yes
Yes
*Yes
No
No
No
Yes
No
No
No
Yes
No
Yes

Desalination
No
No
No
No
Yes
No
No
No
No
No
No
No
*Yes
No
No
No
No
No
No
No
No
No
*Yes
No
*Yes
No
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Water
Reclamation
and Reuse
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
*Yes
No
*Yes
No

Managed
Aquifer
Recharge
Yes
No
No
Yes
Yes
Yes
Yes
No
Yes
No
*Yes
No
Yes
No
Yes
No
No
No
No
No
No
No
Yes
No
Yes
No

New
Boreholes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
*Yes

Member
States
Angola
Madagascar

Comoros
Mauritius
Seychelles

Hotspot
ID
B18
B19
B20
B21
B22
B23
B24
B25
B26

Sand Dams

Rainwater
Harvesting

Stormwater
Harvesting

Dams

Yes
*Yes
No
Yes
No
No
No
No
No

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
No
Yes
Yes
Yes
Yes
Yes

*Yes
No
No
No
No
No
Yes
Yes
No

Run of
River
Abstraction
*Yes
Yes
No
No
No
No
No
Yes
No

Desalination
*Yes
No
No
No
No
No
No
*Yes
No

*Yes – Refers to only a few grid cells in the hotspot qualifying for the intervention
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Water
Reclamation
and Reuse
No
*Yes
No
No
No
No
No
No
No

Managed
Aquifer
Recharge
No
Yes
Yes
Yes
No
No
No
No
No

New
Boreholes
Yes
Yes
Yes
Yes
No
No
Yes
No
No

5. IMPLEMENTATION CONSIDERATIONS
5.1. Institutional Capacity
With any intervention, it is also necessary to understand the institutional capacity required to
undertake it. Despite an intervention being technically and financially feasible, without sufficient
institutional capacity, the intervention will not be possible. The proposed interventions and their
required level of institutional complexity is listed below in Table 2.
Table2: Institutional capacity required for the interventions

Intervention
Sand dams
Rainwater harvesting
Stormwater harvesting
Dams / reservoirs
Run of river abstraction
Desalination
Water reclamation and reuse
MAR
New boreholes

Institutional capacity required
Low
Low
Low – Medium
Medium
Low – Medium
High
High
Medium – High
Low

Taking into consideration institutional capacity requirements for the intervention, Member States may
be required to strengthen and build their capacity in order to implement the interventions.
5.2. Political Buy-in and Support
To turn these interventions into reality, political support and buy-in from the key decision-makers in
the Member states will be required, together with the strong recognition around the role that
groundwater can play.
5.3. Adoption as part of Member State’s broader water resources (and groundwater) management
plan
These proposed interventions will require adoption and assimilation into existing broader water
resources plans so that appropriate planning and implementation can take place.
5.4. Mobilisation of resources
Understanding the technical capacity available to implement the intervention, together with broader
management capacity is important. Another critical issue is mobilising the funds to undertake the
prioritised interventions.
6. CONCLUSIONS AND WAY FORWARD
The update and revision of the GDR map provided a significantly high-level of resolution for
groundwater drought in the region. This together with understanding the current and projected
surface water availability provided a strong foundation for understanding water risk in the region. The
overlay of the population vulnerability mapping supported the identification of hotspots areas that
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had both significant population vulnerability and significant water risk due to either groundwater
drought and limited surface water availability.
The hotspot areas helped focus in on key risk areas. 11 types of water supply interventions (utilising
rain, surface and groundwater) that were considered in the analysis. The top three most suitable
interventions across the hotspots are the digging of new boreholes, rainwater harvesting and run of
river abstractions. These all require low-to medium level institutional capacity to implement.

INTRODUCTION
Background and Context
The Southern African Development Community (SADC) region is prone to recurring droughts, having
undergone a series of severe droughts during the 2015/2016, 2016/2017 and 2018/2019 summer rainfall
seasons. In the past, droughts were driven by natural climate variability, however with increasing
anthropogenic influences, the characteristics of droughts have shifted. These decreased rainfall and
drought periods have been an ongoing problem for several years, with the dry season growing longer and
hotter. Whilst the effects of drought are visual for surface water impacts, groundwater impacts remain
hidden and are more insidious.
Groundwater drought occurs when droughts impact groundwater systems such as groundwater
recharge, groundwater levels, and groundwater discharge, and cause them to decrease over a period of
months to years. Lack of precipitation is the main cause of this drought because the rainfall deficit usually
leads to decreased groundwater recharge. This is usually aggravated by groundwater abstractions
for irrigation, domestic, and industrial uses, and it’s the overexploitation of the groundwater resources.

Figure 1-1: The response of groundwater to drought1

The reaction of groundwater to climatic input is often delayed and smoothed, i.e. a groundwater
drought does not always develop in-line with surface water drought periods. Groundwater drought is not
a common phenomenon, but when it happens, it often shows long periods of below-normal groundwater

1

Robins, N., Calow, R., Macdonald, A., Macdonald, D., Gibbs, B., Orpen, W., Mtembezeka, P., Andrews, A., Appiah, S., Banda, K., 1997. Final
report – groundwater management in drought-prone areas of Africa. British Geological Survey Report WC/97/57.
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levels and is very unlikely to recover quickly. Understanding this phenomenon helps Member States better
prepare for groundwater droughts and improve their resilience to withstand these shocks in the future.
In response to the above, the Southern African Development Community Groundwater Management
Institute (SADC-GMI) is implementing the project: Assessment of Groundwater Resources Development
Priority Intervention Areas in the Southern African Development Community (SADC) Region (SADC GMIGDRI) which seeks to bring the role of groundwater in securing water supply during periods of droughts to
the forefront and provide for proactive planning, recommendations and management of groundwater and
surface water systems.

Study approach
The conjunctive use of surface water and groundwater is widely practiced across the African continent,
particularly in areas with variable or low surface water availability. Conjunctive water resources
development is gaining traction in the SADC region, with numerous projects supporting the practice of
conjunctive use across international boundaries. A significant portion of the SADC region is characterised
as semi-arid, with surface water flows only available during the wet season or intermittently. To identify
and evaluate conjunctive use interventions, it was necessary to conduct surface water resource
assessments to characterise surface water availability and variability at relevant spatial and temporal
scales.
To achieve the above, the current Groundwater Drought Risk (GDR) map2 was revised to identify areas
that are prone to groundwater drought in the SADC region. In addition, the surface water availability and
population vulnerability were also mapped, and taking all three assessments into account, hotspots in the
SADC region were outlined to guide focusses intervention. The result supported a move towards practical
assessment of the water resources which can be mobilised to support sustainable water supply
investments in underserved areas (also referred to as population vulnerability areas of priority) in the
region (see figure below).

2Villholth,

K., Tøttrup, C., Stendel, M., Maherry, A., 2013. Integrated mapping of groundwater drought risk in the Southern African Development
Community (SADC) region. Hydrogeology Journal 21, 863–885. https://doi.org/10.1007/s10040-013-0968-1.
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Figure 1-2: Workstream components for the project

The study made use of existing geospatial, hydrological and hydrogeological datasets to deliver the revised
GDR map, surface water drought risk map, and population vulnerability map of the SADC region. These
three maps were subsequently considered together, to identify hotspots where intervention options can
be identified.
Further to this, the study performed a practical assessment of the groundwater resources which can be
mobilised to support sustainable domestic water supply investments in areas with high groundwater and
surface water drought risk and have limited access to safe domestic water supply - based on population
vulnerability areas of priority. The study finally identified the most adequate and cost-effective
infrastructure interventions in the areas most in need.

Structure of this Report
This report provides the results from the hotspot analysis, as well the accompanying domestic water
supply interventions that are proposed for these hotspots.
Section 2 presents the methodology followed to identify the hotspots in the SADC region, which are based
on the overlay of the three baseline investigations done to date:
•

The GDR Map (in reference to report Revised Groundwater Drought Risk Map dated July 2020);

•

The Surface Water Risk Map (in reference to report Assessment of Surface Water Availability dated
August 2020); and

•

The Population Vulnerability Priority Areas Map (in reference to report GIS Priority Areas dated
August 2020).

Section 3 likewise presents the methodology followed to identify the best suited domestic water supply
interventions for these hotspot zones. This is achieved by
•

introducing the 11 types of water supply interventions (utilising rain, surface and groundwater)
that were considered in the analysis.

•

providing a background to the conceptual approach; the intervention typology matrix in specific.
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•

unpacking the process of elimination that was used to streamline the proposed interventions from
11 in each hotspot to the most applicable in each hotspot.

Section 4 presents the results of both these analyses. The hotspots zones are divided into groups and
discussed through the lens of vulnerability (water and population vulnerability) and proposed
interventions. A strong case is made for the final proposed interventions, taking into consideration their
technical and financial feasibility, as well as other important criteria. A summary of the proposed
interventions for each country is presented at the end of the Section.
Section 5 discusses the implementation considerations required to implement the proposed interventions
and includes a high-level overview of the institutional capacity of the 16 Member States from a
groundwater management perspective. This is done by looking at key requirements for sufficient
institutional capacity. Such an assessment is important for the long-term resilience of these proposed
interventions.
Section 6 presents the conclusions and way forward.

GMI-GDRI: Domestic Water Supply Interventions Report

Final Draft 4

METHOD TO IDENTIFY HOTSPOTS
The GIS Priority Areas report on Population Vulnerability Priority Areas reflects on the identification of the areas of priority across SADC in the form of ellipsoidal
area delineations (Figure 2-1).
a)

b)

c)

Figure 2-1: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population Vulnerability Areas of Priority
overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the surface water risk map for SADC mainland
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The areas indicated in Figure 2-1 a) have subsequently been overlaid on the GDR and surface water
availability maps, as presented in Figure 2-1 b) and c). This overlay enables the subsequent assessment of
areas that have potentially vulnerable populations, in relation to the physical vulnerabilities related to
ground- and surface water respectively.
The influence of climatic and physical characteristics of the SADC region is clearly visible in the GDR and
surface water risk maps (Figure 2-1 b) and c)), where the impact of, for example, lower rainfall and higher
evaporation rates associated with high temperatures, poor soils and reduced vegetation cover, present
some similarities in dry regions such as Namibia. At the same time, some of these same areas do not
present high relative population vulnerability levels due to the low population density. This results in the
GDR and surface water risk maps presenting in some instances an ‘opposite’ of what is visible from the
overlaid population vulnerability priority areas.
The project team conducted an in-depth assessment of the maps and the narratives associated with each
of the three map sets (GDR, surface water risk and population vulnerability). The assessment culminated
in a half-day workshop where the combined impacts were discussed for each data outcome along with the
population vulnerability areas of priority. The following zones (Figure 2.2) were identified as being key
areas of concern as it relates to GDR and surface water risk, as well as population vulnerability:

Figure 2-2: All hotspot zones indicated in green and blue ellipsoids, on SADC mainland
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Of these identified areas, there are zones that are not considered for the intervention options i.e. where
there are characteristics in the zones that reduce the need for dependence of communities on
groundwater. These zones are indicated in green outlines in Figure 2-2. This includes, for example, highrainfall areas such as what is visible in the large green zone towards the north of the Democratic Republic
of the Congo (DRC), where surface water availability is in such abundance that there is almost no need for
groundwater resource utilisation or the implementation of interventions in support of groundwater
drought needs. The green zones at the southern border of Angola with the northern border of Namibia;
and the southern border of Tanzania with the northern border with Mozambique, along the coast, have
adequate surface water resources through river run-off, that negates the need for groundwater
intervention application. Another example of a zone that is excluded (indicated in green) subsequent
to the technical team’s workshop discussions is on the border of Zimbabwe and Botswana, where the
presence of an aquifer system indicates a zone of high vulnerability. However, there are almost limited
population present in the area. Finally, the green zone indicating the city of Gaborone, in Botswana, is
deemed manageable through water supply and demand interventions that relate to improved
management of water use and tariff application – thus excluded from the intervention applications
identified for consideration in the ‘blue’ zones.
The zones to be considered in the intervention identification process only include the population
vulnerability areas of priority where both GDR and surface water drought risk is high. These zones are
indicated in blue outlines, as per Figure 2-3. The zones are not the same shape and size as that of the
population vulnerability priority areas since the GDR and surface water drought risks influence the
outcome of the final delineated zones.
These zones have been identified with a “B” (blue outline) and was allocated an associated number, across
the SADC mainland and on all the islands. As reflected on and explained in previous project reports, the
islands are considered separately from the mainland since the raw data available for the assessment
process is more limited than what is available on the mainland, and the islands presents different
characteristics related to intervention options that may present itself.
The significance of population vulnerability was higlighted during the assessment of the hotspots, and
instances where identified where the GDR and/or surfwace water maps shows a slightly lower risk level
than the population vulnerability priority level. In such cases, the severity of the population vulnerability
may be an indication that an area or zone would be included in the hotspot selection, even when the GDR
and surface water risk seems to be low.
It is also very important to note that the identification of the hotspot zones is the result of the various
long-term trends and historically based data sets that make up the three base-maps (GDR, surface water
drought risk and population vulnerability). Therefore, some key areas where drought is a current concern
but does not stand out in the hotspot zone identification. Additionally, very localised drought conditions
and drought events that is not recorded in the regional data sets may not be reflected in the hotspot zone
identification. This exclusion of any given location or area where a current drought concern exist does not
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preclude it from being considered in terms of the application of any of the identified types of interventions
that is proposed. In fact, any area, where a need arises or where the need for interventions are identified
in future, can benefit from the consideration of any of the potential options of interventions. This means
that no area is excluded from having groundwater drought interventions applied to it.
Note: An area that may look like it could be a hotspot on the population vulnerability map, but which was
not identified as such after analysis, is at the east coast in the above map, between Cabo Delgado
(Mozambique) and Mtwara (Tanzania). Although this area is fairly populated with livestock (for example
goats, pigs and cattle, and a few commercial chicken hatcheries), there are very few cities or large towns
in the area, with relatively low population density. The availability of adequate surface water for the
farming practices (herds in particular) in the region causes this area not to be a hotspot.

Figure 2-3: Final selection of hotspots identified for identification of interventions for SADC mainland
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These zones (B1 to 19 on the SADC mainland, with additional zones indicated on the individual island maps)
have been combined for ease of discussion, into the following grouped maps:
•

Group 1: B1 – B5 (covering DRC and Tanzania);

•

Group 2: B6 – B10 (covering Zambia and parts of Zimbabwe);

•

Group 3: B11 – B12 (covering parts of Zimbabwe);

•

Group 4: B13 and B15 (covering Eswatini and Lesotho – although due to their isolated small
geographical areas, presented in two separated map views);

•

Group 5: B14, B16 – 17 (covering South Africa, Namibia); and

•

Group 6: B18 – B19 (covering Angola).

Zones B20 to B26 are located on the Island States (Comoros, Madagascar, Mauritius and Seychelles) and
are presented separately as explained above.
The brief narratives presented for each of the hotspot zones are based on the detailed descriptions
presented in the three reports (GDR, surface water drought risk and population vulnerability) and only
focus on the key characteristics in each region that highlights its importance as a hotspot – it does not
repeat the details contained in those three reports.

GMI-GDRI: Domestic Water Supply Interventions Report

Final Draft 9

METHOD TO IDENTIFY DOMESTIC WATER SUPPLY INTERVENTIONS
A key component of this project is to identify the most adequate and cost-effective domestic water supply
interventions for the centres which are in most need. The methodology to identify these centres, or
hotspots, have been discussed in Section 2. The purpose of this Section is to present the methodology that
was used to identify the proposed water supply interventions. The final list of the interventions that are
deemed feasible can be used as a roadmap for further water supply development in SADC, and as a starting
point for further feasibility studies.

List of Interventions
Workshops and discussions with specialists have resulted in a list of 11 domestic water supply
interventions that will be considered. These encompass surface, rain and ground water, and are presented
below.

3.1.1. Sand Dams
A sand dam is a small dam which is built in the riverbed
of a seasonal sandy river. The sand from flash floods
accumulates behind the dam wall. The accumulated
sand provides additional storage capacity to the
riverbed aquifer (Beswetherick, et al., 2018). The
aquifer fills with water during the wet season, resulting
from surface runoff and groundwater within the
catchment. The riverbed is also recharged through the
gripp.iwmi.org/natural-infrastructure/water-storage/ensuringresilience-through-community-sand-dams-in-kenya/

groundwater flow, which is obstructed by the sand
dam, creating additional groundwater storage for the

Figure 3-1: Sand dam in a seasonal sandy river

community.

Sand dams have been constructed in a number of African countries including Zimbabwe, Angola, Ethiopia
and Kenya. Sand dams are considered as one of the most cost-effective methods of water conservation in
dryland environments. They provide an improved, local and reliable source of water for communities living
in remote, rural areas.
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3.1.2. Rainwater Harvesting
Rainwater harvesting is defined as the deliberate
collection and storage of rainfall from impermeable
surfaces (roof-structures) before it becomes runoff.
The rainwater is collected from roof-like structures,
collected through gutters and pipelines and stored in
tanks. Although there are a number of rainwater
harvesting definitions, which include using rock
catchment systems, storing water in small dams and
locally specific information about water yield of
southafrica.co.za/importance-rainwater-harvesting-conservation

Figure 3-2: Rainwater harvesting tank

rainwater harvesting systems composed of a
rainwater catchment (a rooftop or a natural small
watershed) and a storage (tank or a small dam).

Rainwater harvesting has historically been used to build resilience and adapt to changing climate
conditions on a local scale and continues to be an important resilience tool in the current climate change
environment (Pandey, et al., 2003). It is a particularly important tool in areas where surface and
groundwater are either not readily available, or where the quality of this water has been impacted.

3.1.3. Stormwater Harvesting
Stormwater harvesting is defined as the collection, storage and use of runoff from urban surfaces,
including roads and drains. Detention or retention ponds are often used to store run-off volumes, resulting
in decreased downstream flow and flooding. A major challenge with stormwater harvesting is decreased
stormwater quality, which typically decreases with
increased urbanisation (Duncan, 1995). The cost of
stormwater

harvesting

is

relatively

low

in

comparison to other supply options (Hatt, et al.,
2006), but the cost of treating this polluted water
could be very high. A well-established drainage
system is typically necessary for an effective
stormwater harvesting, limiting its application to
urban
theconversation.com/stormwater-harvesting-could-help-south-africamanage-its-water-shortages-74377

Figure 3-3: Stormwater attenuation pond
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3.1.4. Surface Water Reservoirs (Dams)
A surface water reservoir or dam is one of the most
commonly used forms of water storage worldwide. These
could range from small reservoirs of 10,000m3 capacity
used to supply water to the local community, to the Katse
Dam in Lesotho of 2 billion m3 capacity that supplies water
to a large part of South Africa. Large dam schemes, such as
the Katse Dam, require more complex and expensive
en.wikipedia.org/wiki/Katse_Dam

infrastructure for the transport of water to farther
locations. Thus, for the purpose of this report, only dams

Figure 3-4: Katse Dam in Lesotho

that can be constructed on the river course and can serve
communities within 20km will be considered. There are

some exceptions where off-channel dams are considered: specifically, when the main river is a large river
seasonal river such as the Limpopo river where it is more feasible to build a dam in a tributary but extract
water from the large river to fill it in the high flow seasons.

3.1.5. Run of river abstraction
Run of river (ROR) schemes abstract water directly
from the river, without first storing the water in a
dam or reservoir. It makes use of the flow in the river
channel, with weirs helping to regulate the water
levels. ROR abstraction is largely considered to be
more ecologically friendly than dams and less capitalintensive, but does require a steady and sufficient
discharge in the channel (Anderson, et al., 2015).
Unregulated ROR abstraction is common in many
en.wikipedia.org/wiki/Umchabezi_River

Figure 3-5: A weir on the Umchabezi River in Zimbabwe

rural areas in South Africa and from observation, also
the greater SADC region (Odiyo, et al., 2015)

3.1.6. Desalination
Desalination is the process of removing salts and minerals from a saline water (typically seawater, but also
naturally saline groundwater, surface water etc.) to make it suitable for human consumption or irrigation.
There are numerous methods for desalination, of which reverse osmosis and distillation are the most
common ones. While desalination makes use of an infinitely available water, it has great environmental
impacts in the form of the highly saline brine product. In addition, desalination as a water supply
intervention carries a much higher cost than other interventions, primarily for the cost of the high energy
use (Water Reuse Association, 2011). Countries with unreliable energy supply would need to rely on
privately produced energy sources, which can become very expensive and unsustainable. Seawater
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www.capetownetc.com/news/city-decommissions-standfontein-desalination-plant/

desalination is largely practiced in developed countries with high energy reserves, such as the Middle East.
Northern African countries are the primary users of desalination, using 80% of Africa’s desalination
capacity (ESI Africa, 2019). However, the high demand for potable water is growing the desalination market
in sub-Saharan Africa. An example comes from
South Africa, where, in response to the severe
drought in the Western Cape and other parts
of SADC in 2016-2017, the City of Cape Town
Metropolitan Municipality commissioned the
construction of desalination plants to diversify
its water supply sources. None of these plants
are currently operational, primarily due to
www.capetownetc.com/news/city-decommissions-standfontein-desalination-plant/

Figure 3-6: Decommissioned Standfontein desalination plant in
South Africa

legal challenges, but the lessons learnt from
this process will be extremely beneficial for
application in other SADC countries.

3.1.7. Water Reclamation and Reuse
Water reclamation is the treatment or processing of
wastewater (water that returns from the water supply
system to a wastewater treatment plant) to make it reusable
and meeting appropriate water quality criteria. Water reuse
is the use of treated wastewater (or reclaimed water) for a
beneficial purpose, such as irrigation or domestic use where
the reclaimed water mixed with other water supply sources
is directly released back into the water supply system
www.afrik21.africa/en/windhoek-how-to-treat-wastewaterto-make-it-drinkable

Figure 3-7: Wastewater reuse plant in Windhoek,
Namibia

(Asano, et al., 2007). It is considered an Environmentally
Sound Technology as it protects the environment, lowers
pollution output, utilises resources in a sustainable way, and
handles or recycles residual waste in a more appropriate way

(UNEP GEC, 2004). It is gaining prominence worldwide and in Africa as an important component of water
supply diversification. Non-potable reuse (for irrigation, toilets, industrial use etc.) is the more economical
option and is practiced in many African countries. Namibia is the only country in SADC that practices water
reuse on a commercial basis and has been recycling wastewater since 1968. The new drinking water
treatment plant, commissioned in 2002, now meets 35% of Windhoek’s demand. Water reclamation can
be done through physical processes (such as filtration), chemical processes (such as ultraviolet (UV) and
ozone), biological processes (such as biological activated carbon) and natural processes (such as wetlands).
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3.1.8. Groundwater Reclamation and Reuse
Water reuse generally refers to the process of using treated wastewater (reclaimed water) for beneficial
purposes such as agricultural and landscape irrigation, industrial processes, non-potable urban
applications (such as toilet flushing, street washing, and fire protection), groundwater recharge,
recreation, and direct or undirected water supply. In this case the reclaimed water is from groundwater
resources. Groundwater reclamation and reuse follows the same principals as previously discussed for
surface water. Reclaimed groundwater is typically used to replenish groundwater sources through
Managed Aquifer Recharge (MAR).

3.1.9. Managed Aquifer Recharge (MAR)
MAR is the purposeful recharge and storage of surface runoff and treated wastewater in aquifers (Ebrahim,
et al., 2020). It is particularly important and useful where groundwater over-abstraction has occurred. If
planned, implemented and maintained properly, MAR has a great potential in securing water supply and
increasing adaptation and resilience to a climate change in Africa. The main types of MAR techniques are
infiltration ponds; borehole injection; check
dams (or in-channel modifications); and
induced bank recharge. Water needed for
MAR can be sourced from surface runoff,
rainwater harvesting or reused water. MAR
implementation is currently not extensive in
Africa, and only well documented in nine
African countries, of which only South Africa
and Namibia are in the SADC region. As an
example, in South Africa, the artificially
recharged
Figure 3-8: No of MAR case studies in Africa, from (Ebrahim, et al.,
2020)

Atlantis

Aquifer

has

been

operating for over 40 years, and augments
drinking water to the town of Atlantis on the
West Coast.
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3.1.10. Drilling of New Boreholes
Around 70% of the southern African population relies on
groundwater as their primary source of water, through
the use of shallow wells, springs and boreholes (The
World Bank, 2017). However, as indicated in this study
and others, there are still significant opportunities for
further groundwater development in SADC. All
countries in SADC rely on water from boreholes. Drilling
of new boreholes is an integral part of water supply
diversification and resilience but is associated with
www.aquaearth.co.za/borehole/borehole-drilling

Figure 3-9: Borehole drilling in progress

higher costs and poor construction quality in subSaharan Africa (Danert, et al., 2009). It is therefore
important that it is planned and managed correctly.

3.1.11. Conjunctive Use
Conjunctive use is the combined use of both surface and groundwater. This is generally done to increase
the reliability though augmenting water sources. It can also help act as a buffer during periods of low
rainfall and surface water shortage, or when the groundwater table is low. The definition of conjunctive
use as provided by UNESCO-IHP Groundwater (2020) is as follows: “The different and complementary
characteristics and behaviour of surface water and groundwater make it possible to solve specific needs
of water quantity and quality more adequately and economically than if both resources were used
separately. Groundwater can provide additional resources as well as a means of water storage,
distribution, and treatment, and groundwater can advantageously be combined with surface water
resources.”
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Conceptual approach
Hotspot zones extend over large geographically variant areas. Given the differing contexts and
characteristics of each hotspot, targeted responses are required to adequately address the localised
domestic water supply issues. The final selection of the most applicable suite of interventions (from the
11 interventions) is based on the consideration of:
•

the population served by the intervention

•

the technical feasibility of the interventions, for the specific region

•

the financial feasibility of the intervention within the context of the specific country and region.

•

other important considerations, such as protected areas.

These factors feed into a typology matrix, that is used to conceptualize the different interventions, develop
selection criteria and identify the data sources that are required. An iterative approach was used to
develop and refine the intervention typology matrix. The first intervention typology matrix comprised a
number of interventions and proposed criteria. Data required to assess the criteria were proposed for each
criterion including data developed during this project to-date, during previous projects as well as data from
global datasets. To streamline the criteria, the data required to evaluate the criteria was scored based on
the availability of the data as well as the importance of the criteria on the technical viability of the
intervention. If the data required to evaluate criteria were not readily available or not easily accessible and
the criteria was assigned a medium or low importance, the criteria was removed from the intervention.
Further streamlining of the criteria was achieved through a technical workshop with the project team, in
which each criterion was discussed, and criteria were removed if they pertained more to the design
requirements rather than assessing the technical requirements of the intervention. The finalised
intervention typology matrix is presented in Appendix A.

Methodology
Based on the typology matrix, the 11 interventions are assessed and refined through a process of
elimination for each of the 26 hotspots. The final proposed interventions are only those that meet all the
required criteria. The process of elimination and refinement is detailed below.
All 11 interventions

Technical feasibility
Financial feasibility
Other
considerations
Proposed
interventions

Process of
elimination done
for each hotspot

Figure 3-10: Iterative process of elimination to identify interventions
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3.3.1. Technical feasibility
To identify areas within the hotspots, where certain interventions are possible, the hotspot is subdivided
by using a grid and the grid cells are assessed on a set of selection criteria developed for each intervention.
The selection criteria are derived from the technical requirements associated with the intervention; the
intention is not to identify a specific site for each intervention but to evaluate/identify plausible
geographical regions for specific interventions.
The scale of the grid cells is chosen as approximately 180 km2; this is the scale at which the population
distribution layer was developed, and it is deemed a fine enough scale to cover the hotspots (average area
of 58 847 km2). Each grid cell is assessed on meeting the criteria specified for each intervention. By
evaluating each grid cell with the help of data queries and models in GIS software, a suite of most
applicable interventions is identified for various geographical regions within each hotspot zone.
Workflow diagrams are developed to aid the incorporation of algorithms and decision-making
methodologies used in GIS software. The workflow diagrams for each intervention are discussed in
Appendix B.

3.3.2. Financial feasibility
For those interventions that are deemed technically feasible, a high level, qualitative cost-benefit analysis
was used to refine the suite of technically feasible interventions per hotspot zone. For this purpose, a
survey (Appendix D) was set up and distributed to the Member States to gauge the cost of the different
interventions as well as retrieve additional information on existing drainage networks and
water/wastewater treatment plants specifically in the hotspot zones. As the cost of the interventions is
mostly dependent on the site conditions and differs vastly from site to site, a relative costing approach
was used. This relative costing approach is a function of the reliability of supply, the skill set required to
operate and maintain the infrastructure associated with the intervention and other considerations such as
energy consumption and water quality for each intervention. Based on the defined criteria for example,
Cities or Towns are identified as having amongst others, the financial capacity to implement interventions
with a high reliability of supply, which require specialized and expert skills, as well as potentially high
energy consumption and therefore are associated with having capacity of implementing relatively high
cost interventions. Table 3-1 presents the criteria which were used for the cost-benefit analysis of
technically feasible interventions in each hotspot zone.
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Table 3-1: Cost-benefit analysis for the possible interventions

Intervention

Reliability of
Skills required
Supply

Relative Cost

Other (Energy, Water
Quality)

Capital Cost

Cost-Benefit

Operation and Maintenance

Desalination

High

Expert

High energy

High

High

City

Water
Reclamation

High

Expert

High energy

High

High

City

Managed Aquifer
High
Recharge

Expert

Water Quality (water
requires pre-treatment)

Medium

Medium

City

Conjunctive Use

High

Proficient

Medium

Medium

City and/or Towns

Groundwater
Recycling

High

Proficient

Water Quality (water
requires pre-treatment)

Medium

Medium

City and/or Towns

Surface water
Dams

Medium

Intermediate

Water Quality (sediment
percentage)

Medium

Low

City and/or large Towns

New Boreholes

Medium

Intermediate

Water Quality (might
require post-treatment)

Medium

Low

Towns

Run of River
Abstraction

Low

Proficient

Water Quality (sediment
percentage)

Low

Low

City and/or Towns

Sand Dams

Low

Basic

Low

Negligible

Towns

Stormwater
Harvesting

Low

Basic

Low

Negligible

Towns

Rainwater
Harvesting

Low

Basic

Low

Negligible

Towns
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3.3.3. Other considerations
To further assess the applicability of the interventions, literature studies were conducted by specifically
reviewing literature which provides an overview of the water resources and main water supply challenges
within each hotspot zone. Furthermore, interventions that have previously or are currently proposed
through research give an indication of the feasibility of each intervention within the hotspot zones.
Additionally, data layers such as the protected areas were used to further refine the interventions. In
protected areas such as national parks, wetlands or protected biomes, the population is low and only low
impact interventions are considered feasible. These low impact interventions include sand dams,
rainwater harvesting and boreholes. Upon feasibility stage of implementing these interventions,
environmental best practices as well as local legislation will have to be taken into consideration.
The population grid used in population vulnerability analysis, was used to identify urban, peri-urban and
rural communities. The interventions were then refined for each grid cell accordingly low cost and low
maintenance interventions were proposed for rural and peri-urban communities, while medium to high
cost interventions were generally proposed for urban areas with high populations.
The ‘Aquifer Types' layer used in the GDR analysis (SADC, 2010), was used to identify grid cells that were
identified as technically feasible with only a very small portion of the grid-cell being underlain by the
aquifer. These grid cells were removed and were not considered as part of the proposed interventions.
Groundwater reuse and reclamation can technically be considered as a low-level intervention for most
areas where managed aquifer recharge is technically feasible, and some sort of wastewater treatment
plant is available. However, at this scale of assessment, groundwater reuse and reclamation were not
explicitly indicated in the grid cells but rather proposed as being part of conjunctive use. Conjunctive use
refers to a situation where both surface water and groundwater interventions are present, or more than
one type of resource is used at the same time to supply water. Therefore, conjunctive was not explicitly
indicated on the maps to make the maps easier to read.
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DOMESTIC WATER SUPPLY INTERVENTIONS MAPPED PER HOTSPOT
The results of both the hotspot and domestic water supply intervention analyses are presented and
discussed below. These 26 zones or hotspots (B1 to 19 on the SADC mainland, with additional zones
indicated on the individual island maps) have been combined for ease of discussion, into the groups
presented below. It must be noted that only the final proposed interventions (those that are the best
suited for each hotspot, considering a range of factors) are presented in this section. The potential
institutional constraints and challenges are identified in Section 5, however, proposed intervention types
have not been assessed based on these.
All the interventions that are technically feasible are presented per hotspot in the Appendix D.

SADC Mainland, Group 1

Figure 4-1: Identified hotspots Zones B1 – B5

4.1.1. Zone B1
Hotspot Discussion Zone B1
Zone B1 is characterised by high population density and intense urbanisation in and around the capital city
of the DRC: Kinshasa. This densification causes an intensified vulnerability situation given the medium level
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of groundwater drought risk in the area. Although the surface water drought risk is not as significant in
this zone as the case more towards the south, the high population density causes the zone to remain a
hotspot.
Proposed Interventions Zone B1
One of the main water supply concerns in hotspot B1 is water quality and special attention should be paid
to water treatment when designing schemes for domestic water supply.
The following five intervention types are proposed as preferred interventions (Figure 4-2) based on
technical, financial and other considerations:
Sand
Dams

Rainwater
Harvesting

Stormwater
Harvesting

Surface water
dams

Run of River
Abstraction

Desalination

Reclamation
and Reuse

MAR

New
Boreholes

Water reclamation and reuse require expert skills, which are likely to be present in a major city such as
Kinshasa. Water reclamation and reuse delivers water at a high reliability at a respective high cost.
Although there are a number of existing wastewater treatment and water treatment plants in the hotspot
zone, they are not always well maintained (UNEP, 2011)and the operation and maintenance structures
would need improvement.
High potential areas for managed aquifer recharge include the alluvial plain between the N’Djili River and
Ngaliema Bay in Kinshasa (UNEP, 2011). Managed aquifer recharge provides water at a high reliability at a
medium relative cost and requires expert skills which would be available in Kinshasa. However, the water
quality should be monitored and addressed accordingly, as these aquifers underly the city.
Another intervention type which is feasible is surface water dams, especially in the north-east and the
south of the hotspot where tributaries to the Congo River are present. These areas are underlain by highly
productive coarse alluvial aquifers (Cuvette Centrale and Oubangui) which receive recharge from rainfall
and the river system and maintain a high base flow in rivers. As a result, run-of-river abstraction would
also be an option.
Finally, rainwater and stormwater harvesting can also be implemented to further augment the water
supply, however stormwater will also have to be treated at treatment facilities to ensure water quality
standards.
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Figure 4-2: Proposed water supply interventions for Zone B1

4.1.2. Zone B2
Hotspot Discussion Zone B2
Zone B2 is a transboundary zone between the DRC and Tanzania, around Lake Tanganyika, where several
population vulnerability priority areas are located in close proximity to one another. As with the case of
Zone B1, the groundwater drought risk in this area, in combination with the relatively high level of
population vulnerability, causes this to form a hotspot zone. In this case, the zone is transboundary and
fairly large. Although hotspot zones 2, 3 and 5 is characterised by relatively higher rainfall than in other
parts of SADC (especially towards the south-west), the water demand in this area is very high, therefore
requiring options for intervention.
Proposed interventions Zone B2
Similar to Hotspot B1, one of the main water supply concerns in hotspot B2 is water quality and special
attention should be paid to water treatment when designing schemes for domestic water supply.
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The following four intervention types are proposed as preferred interventions (

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Run of River abstractions are associated with a relatively low cost but also a low reliability as there is no
storage to balance the seasonality of river flows. The rivers and streams in hotspot B2 are associated with
a low inter-seasonality, therefore run of river abstractions are proposed for urban areas in the DRC as well
as in urban areas in Tanzania with a medium reliability of supply.
New boreholes are proposed within the Tanganyika transboundary aquifer (SADC-GIP, 2020) to the north
west of Kalemie as well as the south of Uvinza and Ngara. The Tanganyika transboundary aquifer is mainly
a fissured aquifer with moderate yield potential and isolated pockets of unconsolidated sands and gravel
with a high yield potential. New borehole development is also proposed in rural areas within the south
(Tanganyika transboundary aquifer) of the hotspot as well as areas in the north (Aquifer du Rift).
Dams are associated with a medium cost and a medium reliability of supply and are mainly most
appropriate and cost effective for cities and major towns. Dams are proposed for major urban areas such
as Bakavu, Uvinza and Kibondo.
Sand dams are proposed for rural communities surrounding Kalemie (west of Lake Tanganyika) as they
have a relatively low cost and are suited to the high seasonal sandy rivers within that region. Sand dams
could also aid in replenishing the aquifers
Water reclamation and reuse, although identified as technically feasible at Goma and Bukavu in the DRC
and in Kigoma in Tanzania, is not deemed appropriate and cost effective at this point. There are only a few
operational and maintained wastewater treatment plants situated within hotspot B2 (Office of Internal
Oversight Services, 2015), especially in Goma and Bakavu, with no formal wastewater treatment plants in
Kigoma at this point. The first consideration would be to increase the current water and wastewater
treatment facilities within the hotspot area.
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Figure 4-3: Proposed water supply interventions for Zone B2
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4.1.3. Zones B3 and B5
Hotspot Discussion Zones B3 and B5
Zones B3 and B5 are characterised by very high population vulnerability and intense livestock density – all
of which make water demand in these zones very high. Along with a medium level of surface water drought
risk and relatively high dispersed levels of groundwater drought, these two zones reflect some of the
highest risk zones in the far northern parts of SADC.
Proposed Interventions Zone B3
Zone B3 encompasses a number of protected areas (Serengeti National Park, Ngorongoro Conservation
Area, Mount Kilimanjaro National Park etc.). Interventions are proposed for rural and urban areas within
the hotspot; however, in the feasibility stage of such interventions, international best practices as well
local legislation and necessary environmental legislation requirements have to be met.
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The following seven intervention types are proposed as preferred interventions (Figure 4-4

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Unconsolidated sands and gravel aquifers are situated around Lake Natron (part of the Rift Aquifer), Lake
Eyasi, underlying Arusha (part of the Kilimanjaro transboundary aquifer) and between Moshi and Lake
Nyumba Ya Mungu. These areas are associated with a moderate to high yield potential however they also
have a high salinity content. Additionally, the area surrounding Bunda is underlain by fissured aquifers with
moderate yield potential. It is proposed that new boreholes are developed in the above-mentioned areas
especially for rural communities, however salinity treatment possibly has to be incorporated. In other
words, a small scale groundwater desalination plant has to be incorporated. It is also proposed that high
density areas such as Arusha and Moshi implement managed aquifer recharge. Although managed aquifer
recharge is associated with expert skills, it is of a medium cost and the water is supplied at high reliability
which is preferred in the areas popular as tourist destinations.
Run of river abstraction is proposed for Bunda (and surrounding areas) from Lake Victoria and the Gumeti
or Mbalageti River, however treatment of this resource has to be taken into consideration. Lakes such as
Natron, Eyasi, Mayara and Burundi are alkaline and saline lakes, abstracting water from these lakes
requires salinity treatment. Finally, run of river abstractions are proposed for Arusha and Moshi from the
Pangani River Valley (and surrounding areas). The cost associated with the run of river abstraction is
relatively low, however there is also a low reliability of supply associated with it as well as high salinity
within Zone B3, therefore it is proposed to use run of river in conjunction with groundwater interventions
and other surface water type augmentation.
Small dams on the Makayuni River are proposed for Arusha, the cost associated with dams is medium with
a medium reliability which is most appropriate for highly urban centres. Sand dams with a low cost and
medium reliability are proposed for rural areas surrounding Maswa, areas within the centre and the south
of Zone B3.
Finally, rainwater harvesting is proposed for rural communities as well as an augmentation resource in
urban areas such as Bunda, Maswa, Arusha and Moshi. Stormwater harvesting is also proposed for Arusha
and Moshi. Rainwater and stormwater harvesting can also be used as recharge for managed aquifer
recharge.
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Figure 4-4: Proposed water supply interventions for Zone B3

Proposed Interventions Zone B5
The main water supply challenges within zone B5 are a lack of all-year surface water, poor water
infrastructure developments, limited development of water and wastewater treatment works and
relatively high reliance on groundwater resources with quality challenges (Mfinanga & Kaswamila, 2014;
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Shemsanga, et al., 2018). The following five intervention types are proposed as preferred interventions (Figure 4-5:

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Groundwater resources within zone B5 mainly comprise of shallow unconsolidated intergranular pockets
of moderate and high yield potential as well as some areas of fractured aquifers (Makutupora Basin)
(Shemsanga, et al., 2018). Many inhabitants rely mainly on shallow dug wells (wells less than 15m deep)
within unconsolidated shallow aquifers. Shallow aquifers respond to direct rainfall; the rainfall is only
around 550 mm/year within zone B5 coupled with high abstraction volumes causing decreased
groundwater water levels (Shemsanga, et al., 2018). The water quality of the shallow boreholes should be
monitored for potential contamination by the urban areas. It is proposed that managed aquifer recharge
be implemented especially in Dodoma by using access surface water in the rainy season to recharge some
of the aquifers. For managed aquifer recharge to be implemented on a larger scale, treated wastewater
and/or treated stormwater from the Dodoma city can be used. However, water and wastewater
treatment plants are in the process of being constructed and others need upgrades (World Bank, 2019;
Ringo, 2016). Furthermore, there is no current drainage systems (World Bank, 2019). Managed aquifer
recharge is technically feasible between Kilosa and Mpwapwa, however these urban areas might not have
the capital, nor the skill set needed to operate such an intervention as present. New boreholes are
proposed for rural areas with in the east and south of zone B5.
Surface water storage dams are proposed to the west of Dodoma as well as to the north of Mpwapwa to
supply urban areas. Furthermore, run of river abstraction are proposed surrounding urban areas such as
Dodoma, Mpwapwa and Kondoa. Run of river abstraction is associated with a relatively low cost but also
a low reliability of supply. Therefore, surface water resources must be used in conjunction with
groundwater.
Sand dams are proposed in the north west of zone B5 (south of Kondoa) on the Bubu river and would be
able to supply rural and/or peri-urban communities with water during the dry season (Excellent: Pioneers
of Sand Dams, 2020).
Finally, rainwater harvesting is proposed as augmentation water resources in urban areas as well as rural
areas provided that there are impermeable roof-like structures.
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Figure 4-5: Proposed water supply interventions for Zone B5

4.1.4. Zone B4
Hotspot Discussion Zone B4
Zone B4 indicate the city of Dar Es Salaam, administrative capital of Tanzania. As with Zone B1, high
population density with high levels of urbanisation and urban migration causes this zone to be a hotspot.
Proposed Intervention Zone B4
The main challenges that Dar es Salaam is facing include a high dependence on surface water resources
(Ruvu River) as well as groundwater quality challenges. With Dar es Salaam being one of the major cities
in Tanzania, water should be supplied with a high reliability of supply and capital should be made available
for implementation of high reliability interventions.

GMI-GDRI: Domestic Water Supply Interventions Report

Final Draft 32

The following five intervention types are proposed as preferred interventions (Figure 4-6

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Run of river abstraction from the upper Ruvu and the lower Ruvu river are meeting up to 90% of the
demand and depend mainly on the seasonality of rainfall. To increase the water systems reliability, the
surface water resource should be used in conjunction with other water sources such as groundwater and
desalination (Water: Desalination & Water Reuse, 2014). Furthermore, there are high leakages in the
system (as high as 76%) which must be repaired (Mussa, et al., 2019).
The area of Dar es Salaam is underlain with coastal aquifers such as the Kimbiji Aquifer and the Kigamboni
Peninsula Aquifer. Most of the aquifers in this region are karst aquifers with moderate yield potential and
formed from limestone. Due to over abstraction in some parts, there have already been traces of seawater
intrusion (British Geological Survey, 2000; Mussa, et al., 2019; Mtoni et al., 2012). To further develop the
groundwater resource in a sustainable manner, managed aquifer recharge schemes should be adopted.
These require specialized and expert skills which are likely to be found in the city of Dar es Salaam. Most
residence depend on groundwater as main resource (Mussa, et al., 2019) and new boreholes should only
be developed in conjunction with managed aquifer recharge and in areas where there is no other supply
especially in the south of the hotspot.
Desalination is proposed as a high reliability intervention and the Dar es Salaam Water and Sewerage
Authority has previously explored desalination as an option but has not yet implemented it (Water:
Desalination & Water Reuse, 2014; Andersson, 2019). It is proposed that desalination is explored to a
greater detail.
Conjunctive use is proposed for Dar es Salaam to sustainably managed both surface water as well as
groundwater resources.
Finally, rainwater harvesting and stormwater harvesting are proposed to augment water supply at local
scale.
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Figure 4-6: Proposed water supply interventions for Zone B4
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SADC Mainland, Group 2

Figure 4-7: Identified hotspots Zones B6 – B10

4.2.1. Zones B6, B7 and B8
Hotspot Discussion B6, B7 and B8
Zones B6, B7 and B8 basically covers all of Malawi as well as the areas immediately transboundary across
Malawi’s western and southern borders. The characteristics for these three zones are similar – with high
population densities and relatively high groundwater drought risk. Although surface water drought risk in
this zone is not very high, the combined effect of the three types of risks cause this to be a hotspot. B8
includes Lilongwe (Malawi’s capital city) towards the north-west with Blantyre being further south in the
zone, while B7 stretches from the Majete wildlife park southwards. As with hotspot zones B2,3 and 5, the
relatively higher average rainfall in this area does not overcome the very high risk that these zones reflect.
Proposed Interventions for Zones B6, B7 and B8
The main challenges that Malawi is facing include a high population growth in both urban and rural
communities as well as increased agricultural and energy needs. These needs increase the rate of
deforestation and also increase the sediments in the rivers, silting dams at high rates, especially in
southern Malawi Zone B8 and B7. There are also a number of national parks and protected areas (Nyika
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National park, Musalangu National Park, Kasungu National Park, Lake Malawi National Park, etc.) in Zones
B6, B7 and B8 and upon feasibility stage, environmental best practices and local legislative requirements
will have to be met and integrated catchment management should be incorporated (Aurecon, 2015).
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The following six intervention types are proposed as preferred interventions (Figure 4-8

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Most rural water supply is provided by groundwater which is abstracted from hand-dug wells, springs and
hand-pumped boreholes (British Geological Survey, 2004). Zone B6 is underlain by weathered basement
aquifers with a moderate yield potential to the west, covering most of Zambia as well as a western strip in
Malawi. The eastern side of Zone B6 is underlain by sand and gravel aquifers with high yield potential
(Mapoma & Xie, 2014). New boreholes are proposed for rural and peri-urban areas along the banks of
Lake Malawi to the north of Zone B6, surrounding areas of Mzuzu, along the border between Zambia and
Malawi as well as areas north of Lilongwe. Managed aquifer recharge is proposed as a medium cost and
high reliability water supply for urban areas such as Lilongwe and Mzuzu, which are both underlain by
unconsolidated intergranular aquifers with high yield potential. Water quality and water treatment will
have to be incorporated. Zone B7 and Zone B8 are primarily underlain by alluvial aquifers of high yield
potential as well as fractured basement aquifers with moderate yield potential. New boreholes are
proposed along the lower Shire River and areas south of Lake Malawi (Malawi), to the west of Madimba,
surrounding areas of Molumbo and along the Minjova River (Mozambique). Managed aquifer recharge is
also proposed for areas surrounding Zomba and Blantyre (Malawi) and in Molumbo (Mozambique).
Run of river abstraction is associated with a relatively low cost and a low reliability of supply due to the
seasonality of river. Furthermore, the quality and sediment load of rivers have to be considered before
developing this intervention. For Zone B6, run of river abstraction is proposed along the Luwumbu River,
Lundazi River, Luwewe River and the Rukuru River which have a seasonality index lower than 40%
(between 20% to 40%). South east of Mzuzu, run of river abstraction is also proposed from the Luweya
River and from Lake Malawi. Treatment of the water will have to be taken into consideration. For Zone B7,
run of river abstraction is proposed from the Livulezi River, along the Shire River and its tributaries which
have a seasonality index lower than 20%. Run of river abstraction is also proposed for areas between
Massangulo and Mandimba (Mozambique). For Zone B8, run of river abstraction is proposed along the
Shire River, and the Minijova River (Mozambique).
Off-channel storage dams are proposed to minimize the effects of siltation (Mzuza, et al., 2017). For Zone
B6, dams are proposed to the west of Perekezi National Park, abstracting water from the Rukuru river to
provide for the communities in the surrounding areas. Dams are also proposed for areas in the south of
Zone B6 close to the Mapasazi River, Rusa River and Bua River. In Zone B7 and B8, high sedimentation is
experienced in the rivers as result of deforestation. Therefore only a few potential dam sites are identified.
Off-channel storage dam is proposed at Zomba, north west of Blantyre and north of Mandimba
(Mozambique). No dams are proposed for Zone B7.
Sand dams are proposed in the northern areas of Zone B6 (Chitipa and Wenya) as well as for areas
surrounding Lundazi and Chipata (Zambia). Due to the high sediment loads in the rivers within the south
of Malawi (Zone B8), sand dams are proposed for rural communities along the tributaries of the Shire
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River as well as to the west of Blantyre (Mzuza, et al., 2017). A number of sand dams are also proposed
for Zone B7, particularly in Mozambique along the western boarder of Malawi. Sand dams will also help
with aquifer recharge as well as reducing sediment loads in the rivers.
Finally, rainwater harvesting is proposed for peri-urban and rural communities, provided there are some
impermeable roof structures. Stormwater harvesting is also proposed to augment supply in the northern
parts of Zone B6, Lilongwe, Zomba and Blantyre in Malawi as well as Molumbo in Mozambique and highdensity areas in Zone B7.
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Figure 4-8: Proposed water supply interventions for Zones B6, B7 and B8
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4.2.2. Zone B9
Hotspot discussion Zone B9
Zone B9 is a transboundary zone at the confluence of Zambia, Zimbabwe and Mozambique – but especially
from Lusaka in Zambia, southwards to Kariba in Zimbabwe; and from there westwards along the ZambiaZimbabwe border, especially along the northern shores of Lake Kariba (the Zambian side of the lake).
Relatively high population vulnerability in this zone, along with medium to high levels of surface water risk
and dispersed pockets of high groundwater drought risk indicates the zone as a hotspot.

4.2.3. Zone B10
Hotspot discussion for Zone B10
Zone B10 is near the city of Harare (Zimbabwe’s capital) – where high surface water drought risk, high
population vulnerability and pockets of very high groundwater drought risk is present.
Proposed interventions for Zones B9 and B10
The main challenges in Zone B9 are the high seasonality of surface water and to some extent groundwater.
There are a number of national parks and protected areas within Zone 9 (Lower Zambezi, National Park,
Kafue National Park, etc.) and upon feasibility stage, environmental best practices and local legislative
requirements have to be met and integrated catchment management should be incorporated.
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The following six intervention types are proposed as preferred interventions (Figure 4-9

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone 9 is mainly underlain by the Lusaka dolomite formation, Cheta formations, Chunga formation as well
as some unconsolidated sand and gravel aquifer. The conductivities of the dolomite and limestone
formations are dominated by fissures and cavities; consequently, the calcareous aquifers represent the
most productive aquifer systems with high yield potential (Maßmann, 2012). Most of the high yielding
aquifers are shallow unconsolidated aquifers and possible water quality challenges might arise which have
to be accounted for. It is proposed that managed aquifer recharge be adopted in Lusaka as well as
surrounding Kafue and Mazabuka. Although expert skills are required and the cost associated with
managed aquifer recharge is medium, the reliability of supply is high, and it would be most appropriate
and cost effective for major towns and cities.
New boreholes are proposed in most rural and peri-urban communities. Especially to the west of Lusaka,
surrounding Mazabuka, Monze and Choma as well as along the Zambia flank of Lake Kariba. New borehole
development is also proposed for communities in the northern part of Zimbabwe.
Zone 9 already has a number of large surface water reservoirs (Lake Kariba, Itezhi-Tezhi Dam, Kafue Gorge
Dam, Mita Hills Dam, Mulungushi Dam etc.). New surface water dams are proposed along the Kafue River
tributaries to the north west of Lusaka to provide mainly for water demands of the urban communities.
New small dams are proposed for the Kafue River just before joining the Zambezi River and along small
tributaries to the Zambezi River.
Run of river abstraction is proposed for communities along the Kafue River, Cholo River, from Lake Kariba
for Maamba and Kananga as well as other communities surrounding Lake Kariba on the Zambia as well as
the Zimbabwe side. Furthermore, run of river abstraction is proposed for communities surrounding the
Zambezi River. Finally, run of river abstraction is also proposed at Zumbo (Mozambique) from Lake Corra
Bassa.
Sand dams are proposed for rural communities in the north east of Zone B9 specifically along the
Lunsemfwa River. Sand dams are also proposed for peri-urban areas surrounding Kabwe, north of Lusaka
central as well as Monze. Although there are no recorded sand dams in Zambia to date, Zambia is classified
as a country with potential for sand dams (Excellent: Pioneers for Sand Dams, 2016). Therefore, sand dams
are proposed as a low cost, medium reliability intervention which also replenishes groundwater.
Finally, stormwater harvesting is proposed for urban areas such as Chipata, Lusaka and Choma to augment
water supply and to be used as artificial recharge to the managed aquifer schemes. Water quality has to
be considered upon feasibility stage. Rainwater harvesting is also proposed as augmentation resource for
urban, semi-urban and rural areas provided there are impermeable roof structures.
In Zone B10 the surface water is associated with very high seasonality indices (ranging between 70% to
90%); therefore, limited surface water interventions are appropriate for this region. The aquifers in this
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region are mainly fissured aquifers of moderate yield potential. New boreholes are proposed in
conjunction with sand dams which will naturally help recharge the aquifers. New boreholes are proposed
for the west and the north of the hotspot as well as a small strip in the south. Sand dams are proposed for
communities along the Manyame River and Musengezi River. Although rainfall is also highly seasonal,
rainwater harvesting is proposed as an augmentation resource for areas with some indication of
impermeable roof structures.

Figure 4-9: Proposed water supply interventions for Zones B9 and B10
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SADC Mainland, Group 3
4.3.1. Zones B11 and B12

Figure 4-10: Identified hotspots Zones B11 – B12

Hotspot Discussion Zones B11 and B12
Zone B11 marks the border between Zimbabwe and South Africa, with Beitbridge at its centre, where high
population vulnerability and high surface water risk is notable.
Zone B12 is a relatively small hotspot, on the border of Zimbabwe and Mozambique, between Mutare
(Zimbabwe) and Manica (Mozambique), where population vulnerability is high and groundwater drought
risk also has a relatively higher risk than is the case in surrounding areas especially towards the east coast
of Mozambique.
Proposed Interventions for Zones B11 and B12
The main challenges in Zone B11 and B12 is the high seasonality of surface water. Most of the population
in this hotspot is classified as rural and the water supply infrastructure is not always well maintained
(Malima, et al., 2019).
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The following four intervention types are proposed as preferred interventions (Figure 4-11

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone B11 and Zone B12 include protected areas (Vhembe Biosphere Reserve, Gonarezhou National Park
and other wildlife management areas) which cover a large part of each of the hotspots, therefore there
are few people in these hotspot mostly in rural communities, averaging between 1600 people to 2000
people per grid cell, except in areas within the south of the Zone B11 and concentrated at Musina.
Therefore, less invasive and low-cost interventions are proposed, such as rainwater harvesting, new
boreholes and sand dams. Medium cost interventions, such as surface water dams are only considered
for larger communities such as Musina (South Africa).
The streamflow in the rivers (Limpopo River, Nzhelele River, Sand River, etc.) within Zone B11 and
Zone B12 are highly seasonal. Although surface water development has largely been used to meet water
requirements in this area, groundwater presents the only viable alternative source of cost-effective supply
to meet future requirements (Busari, 2007). However, while aquifer yields are favourable in places,
averaging 16.7l/s for main-stem alluvium (Busari, 2007), groundwater is already extensively used and
therefore it is proposed that it should be used in conjunction with surface water.
Zone B11 is underlain by the Limpopo River alluvial aquifer along the main river stem of the Limpopo and
fractured water-bearing units in tributary catchments (Busari, 2007). The alluvial aquifer comprises of
unconsolidated sands and gravel and has a high yield potential. Zone B11 is also underlain by the TuliKaroo transboundary aquifer in the western parts, which is a fractured aquifer from volcanic rocks and
extrusions that has a moderate yield potential (Altchenko & Villholth, 2013). Although excessive pumping
of the aquifers has occurred in the past (Busari, 2007) new boreholes are proposed mainly for the aquifers
mentioned above. Zone B12 is underlain by part of the Save Alluvial Aquifer with high yield potential to
the north and north east as well as a karst aquifer to the south with a moderate yield potential (Altchenko
& Villholth, 2013). New boreholes are proposed for rural communities within the south west of the
Zone B12 and the north east of Zone 12 in Mozambique.
Sand dams are proposed within the seasonal sandy rivers of Zone B11 such as Nuanetsi, Bubi, Umzingwani
Mutale, Luvuvhu and Nzhelele Rivers to provide for communities along these rivers. Sand dams naturally
recharge the alluvial and shallow aquifers within the river basin. Sand dams are also proposed in Zone B12
in small seasonal streams towards the east of the hotspot
Although evaporation is very high in Zone B11, off-channel dams are proposed surrounding Musina.
Finally, rural and urban communities can augment their water supply with rainwater harvesting, provided
there are some impermeable roof-like structures.
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Figure 4-11: Proposed water supply interventions for Zones B11 and B12
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SADC Mainland, Group 4
4.4.1. Zone B13

Figure 4-12: Identified hotspots Zone B13

Hotspot Discussion Zone B13
Zone B13 is characterised by a high population vulnerability in the transboundary area between the
Kingdom of Eswatini and Mozambique – especially between the towns located close to the towns of
Mhlume (Eswatini), Goba and Boane (Mozambique) and Komatipoort (South Africa). The transboundary
movement of goods and people are associated with a very high population vulnerability area of priority.
Along with this, there is also a small but notable pocket of groundwater drought risk in the same area. The
culmination of these cause the zone to be a hotspot.
Proposed Interventions Zone B13
The main challenge in Zone B13 is the increasing population and economic growth coupled with relatively
few freshwater resources (de Lange, 2017).
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The following eight intervention types are proposed as preferred interventions (Figure 4-13

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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The western areas of Zone B13 (mainly in Eswatini) are underlain by fissured aquifers with moderate yield
potential as well as areas of low permeability in volcanic rock types, therefore there are no new boreholes
or managed aquifer recharge proposed in this region as it is not deemed as a cost beneficial intervention
in this area. The east of Zone B13 along the coastline is underlain by unconsolidated alluvial aquifer with
high yield potential. New boreholes are proposed in the east of the hotspot; however, the pumping rates
must be monitored so that no saline intrusion takes place (de Lange, 2017). Managed aquifer recharge is
a medium cost, high reliability of supply intervention which is proposed for the urban communities of
Maputo (IMARC, 2015). Maputo is the capital city of Mozambique and as such there should be means to
source expert skills to perform managed aquifer recharge.
Run of river abstractions are proposed along the Umbeluzi River and the Maputo River to supply areas
surrounding Mhlume (Eswatini) as well as areas surrounding Goba and Boane (Mozambique). The
Umbeluzi River is the main river supplying Maputo, while the Maputo River supplies southern communities
in Mozambique. Run of river abstractions are proposed along the Maputo River as well as the Lusutfu
River.
There are already 2 major dams on the Umbeluzi River (Mnjoli Dam, Pequenos Libombos Dam) and the
largest water user in the Umbeluzi Basin is irrigation. No new reservoirs are proposed for the Umbeluzi
River Basin (Droogers, et al., 2014). However, new dams are proposed in the southern region of the
hotspot within Eswati on the Lusutfu River.
As a long-term solution desalination is proposed as water supply for Maputo. This high cost intervention
provides high reliability of water to the community and is proposed as a long term solution to the rapidly
developing capital (Frey, 2019). Although Mozambique is known for its large natural gas reserves, the
energy needed to power a desalination plant is still considered unreliable and alternative energy sources
such as solar energy should be looked into (de Lange, 2017). There are marine protected areas around 30
km away from Maputo, but the desalination plant is proposed in the northern parts of Maputo.
A general problem in the Umbeluzi valley is soil erosion and increased siltation in irrigation infrastructure.
Therefore, sand dams are proposed south of the Mlawula Nature Reserve in Eswatini.
Finally, rainwater harvesting is proposed as an augmentation resource in rural and peri-urban areas in
Eswatini as well as some urban areas around Goma, Bela Vista and Boane in Mozambique provided there
are areas with impermeable roof structures. Stormwater harvesting is also proposed especially in Maputo
to augment water supply and act as artificial recharge for managed aquifer recharge. The water quality of
stormwater has to be taken into consideration and it is possible that the stormwater has to be treated
first.
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Figure 4-13: Proposed water supply interventions for Zone B13
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4.4.2. Zone B15

Figure 4-14: Identified hotspots Zone B15

Hotspot Discussion Zone B15
Hotspot Zone B15 covers most of Lesotho, especially the north of Lesotho. The area has extremely high
levels of population vulnerability and groundwater drought risk is also relatively high, especially with
challenges related to access to groundwater.
Proposed Interventions Zone B15
The main challenged in Lesotho is limited access to water resources for peri-urban and rural communities.
Many of the communities rely either on groundwater or surface water from rivers with inadequate quality
due to limited sanitation infrastructure in these areas (Water and Energy , 2018).
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The following four intervention types are proposed as preferred interventions (Figure 4-15

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone B15 is mainly underlain by fractured aquifers with a low to moderate yield potential in the north west
along the border between South Africa and Lesotho and fractured aquifers in igneous intrusion with low
yield potential to the eastern and central parts of the hotspot. New Boreholes are proposed within the
western fringe border of Lesotho; however, the water quality has to be taken into consideration as there
are a number of pollutants that enter into shallow groundwater systems underlying the main urban areas.
Furthermore, it is important that these boreholes are not over-extracted (Davies, 2003).
Small surface water dams are proposed, close to Maseru to supply for domestic needs and in areas north
of Katse Dam to supply rural communities. Furthermore, run of river abstraction is also proposed in the
western regions of the hotspot to provide for domestic water and livestock needs within the rural areas.
Finally, rainwater harvesting is proposed over most of the region-especially in areas surrounding Maseru
as well as in peri-urban and rural communities, provided there are some impermeable roof-like structures.

Figure 4-15: Proposed water supply interventions for Zone B15
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SADC Mainland, Group 5

Figure 4-16: Identified hotspots Zones B14 and B16, B17

4.5.1. Zone B14
Hotspot Discussion B14
Zone B14 indicate the Gauteng City Region. The city-region has high population vulnerability levels that is
characterised by very high population density, along with medium surface water drought risk and
distributed pockets of high groundwater drought risk. A key challenge in this hotspot is the impact of
surface water drought on surface and groundwater resources., as well as the impact of mining that has
dewatered the dolomitic aquifers. Acid mine drainage is a water quality issue with rebounding water levels
due to closing of the gold mines.
Proposed Interventions Zone B14
The main challenge in Zone B14 is the rapid urban and economic growth with very high water demands
coupled with an almost total reliance on surface water resources from the Integrated Vaal River System.
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The following four intervention types are proposed as preferred interventions (Figure 4-17

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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The geology of Gauteng is characterized by hard rock and areas of dolomite and limestone formations.
Most of the groundwater available is either in formations which could cause sinkholes (dolomite and
limestone formations) or that is polluted by mining activities. Groundwater management should be further
investigated with regard to treating acid mine drainage and monitoring of shallow individual user
boreholes is important to manage the groundwater systems (Gauteng City-Region Observatory, 2019).
New boreholes are proposed in peri-urban areas especially in the north of Zone B14.
The Integrated Vaal River System includes dams such as Katse, Sterkfontein, Mohale, Vaal Dam as well as
a number of others. To increase the capacity of this integrated system, the Polihali Dam (Phase 2 of the
Lesotho Highlands Water Project), should have been fully constructed in 2018, however delays in planning
and construction mean that it will only be completed at the earliest in 2026 (Gauteng City-Region
Observatory, 2019). Therefore, to diversify the water supply system, alternative and augmentation water
resources should be implemented. Additionally, demand management is proposed to reduce the short
term and long term demands on water.
A high cost, high reliability intervention such as water reclamation and reuse is proposed in the major
urban centres such as Pretoria and Johannesburg. There are operational water treatment plants within
these areas and the necessary expert skill set is likely to be existing in this area. A further, more specific
intervention to Johannesburg includes the treatment of acid mine water (Gauteng City-Region
Observatory, 2019).
The Tshwane region has an extensive road network and most areas have some form of drainage system;
stormwater harvesting is proposed to supply a significant amount of the demand in Zone B14. Stormwater
would likely require water treatment before distributed through the water system. Rainwater harvesting
is also proposed in urban and peri-urban areas.
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Figure 4-17: Proposed water supply interventions for Zone B14

4.5.2. Zone B16
Hotspot Discussion Zone B16
Zone B16 is a hotspot with interesting vulnerability characteristics: this coastal area to the West coast of
South Africa is dotted with a number of rapidly growing towns, including for example Velddrif, Paternoster,
Vredenburg, Saldanha and Langebaan.
Proposed Interventions Zone B16
The main challenge in Zone B16 is the rapid urban and economic growth coupled with limited surface
water resource and very low rainfall. Similar to Zone B14, the bulk surface water has to be transported
from the Berg River system to supply the surrounding towns of Saldanha Bay with water. The following
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four intervention types are proposed as preferred interventions (Figure 4-18

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Most of Zone 16 is underlain by unconsolidated sands with moderate yield potential and gravel with some
areas of fissured aquifers of interlayered shales and sandstone with moderate yield potential (east of
Hopefield). To increase the water supply system storage to overcome the temporal imbalance between
local water demand and availability, managed aquifer recharge is proposed between Hopefield and
Langebaanweg (Zhang, et al., 2019). Surface water from the Berg river could be used as artificial recharge
in this area. Ongoing groundwater wellfield projects in Zone B16 include the Langebaan Road Aquifer
wellfield and Hopefield wellfield. A further consideration on the groundwater resources in this zone is the
Elandsfontein Mining Area which is one of the major groundwater users. New boreholes are proposed
between Hopefield and Bergrivier and to the west of Hopefield. The groundwater resources have a high
salinity in this area and will have to be treated before use (Conrad & Naicker, 2019; Saldanha Bay
Municipality, 2019). Noting that any new boreholes within 2.5km from the coast must maintain a water
level of 0.5 to 1 meter above the mean sea level (mamsl) (Conrad & Naicker, 2019).
Desalination is proposed to the north of Paternoster. There is already an existing desalination plant at
Shelly Point, however it has not been maintained (Saldanha Bay Municipality, 2019). With the increase in
population in Zone B16 it will become necessary to add a high reliability intervention even at high cost. It
is proposed that the desalination plant at Shelly Bay be improved and that possible investigation for further
desalination plants is initiated. Although the electricity network is relatively reliable, further sustainable
energy options could be explored. There are protected areas in this hotspot; international best practices
and local legislation should govern the implementation of desalination. Water reclamation and reuse is
also proposed to augment water supply in Saldanha Bay (Chapman, 2019).
The rainfall in this zone is as low as 250mm per year, not making it suitable for rainwater harvesting.
However, a relatively recently developed innovative intervention known as fog-water harvesting is
proposed for the urban and peri-urban areas. This was not proposed as a main intervention as it is still a
relatively new intervention. Fog-water harvesting consists of mesh nets or rectangular screens, which are
erected perpendicular to the wind path. As the wind flows the fog through the device, the mesh catches
the droplets and collects them in containers underneath (Chen, 2018). A feasibility of fog-water harvesting
in Zone B16 was completed by Olivier (2002) and found favourable within contour lines lower than 200m.
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Figure 4-18: Proposed water supply interventions for Zone B16

4.5.3. Zone B17
Hotspot Discussion B17
Zone B17 is located around the populated areas in Namibia’s coastal zone. Here, population density is
slightly higher than in the rest of the region, with communities in and around Walvis Bay, Swakopmund
and Henties Bay being especially affected by critical surface and groundwater drought risks. With much of
the moisture that the area receives being in the form of coastal mist, the opportunity for surface water
capture from, for example rainwater harvesting, is relatively low.
Proposed Interventions Zone B17
Most of Zone B17 is covered by the Namib desert. Therefore, the main challenges in Zone B17 include an
arid climate with very little surface water resources and high urban development in coastal towns. The
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following four intervention types are proposed as preferred interventions (Figure 4-19

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Walvis Bay and Swakopmund receive most of its water from the Kuiseb River, and the Omdel Aquifer as
well as the Swakop River and Swakop Aquifer respectively. Both resources are under strain of
overexploitation (Takouleu, 2020) and due the hyper-arid climate and high seasonality of these ephemeral
rivers surface and groundwater resources are not sustainable in the long term and additional water
resources such as water reclamation and reuse and seawater desalination are proposed (Weidlich, 2019).
Namibia (specifically Windhoek) is known for its long running success with water reclamation and reuse
(van Rensburg, 2016), therefore even though there are high cost implications for this intervention, the
expert skills are easily sourced.
There is an existing desalination plant situated north of Swakopmund which was originally commissioned
in 2010 by the French uranium company. If demand continues to rise, it is proposed that the existing
desalination plant is introduced into the system (Weidlich, 2019). The high cost, high reliability
intervention is proposed as a long-term solution.
Most of the groundwater for Swakopmund, Henties Bay and Walvis Bay comes from coastal aquifers of
the Kuiseb, Swakop and Omaruru Rivers (Benito, et al., 2010). Some managed aquifer recharge schemes
are already in place and expansion of these managed aquifer recharge schemes is proposed in the Omdel
Aquifer as well as the Kuiseb aquifer. Managed aquifer recharge has a medium cost associated but a high
reliability of supply. New boreholes can also be developed in these wellfields; however, boreholes have to
be strictly monitored to avoid seawater intrusions (Matengu, et al., 2019)
Rainwater harvesting is not an option, however fog-water harvesting is proposed as an augmentation
resource especially for Swakopmund, as it experiences fog most days of the year. Fog-water harvesting
was described in greater detail in zone B16.
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Figure 4-19: Proposed water supply interventions for Zone B17
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Figure 4-20: Identified hotspots Zones B18 and B19

4.6.1. Zone B18
Hotspot Discussion B18
Zone B18 is located in the south-west corner of Angola, where weather, climate and soil conditions are
fairly similar as it is in the west coast of Namibia. Sandy soils reduce the opportunity to develop easy
surface water storage potential, and relatively high population density along with relatively high ground
and surface water drought risk makes this a hotspot. With the Port and city of Moçâmedes (administrative
capital of the Province of Namibe) being in this area, the hotspot also has a significant urban character.
Proposed Interventions Zone B18
Most of Zone B17 is covered by the Namib desert. Therefore, the main challenges in Zone B18 include an
arid climate with very little surface water resources and high urban development in coastal towns. The
National Park Iona and the Partial Namibe Reserve cover most of the area in the south west of Zone B17,
there are very few people in these areas. The following five intervention types are proposed as preferred
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interventions (Figure 4-21

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone B18 is mostly underlain by sedimentary fractured aquifers with low yield potential, karst aquifers are
situated north of Namibe along the coast with moderate yield potential. Lubango and Mutumieque are
underlain by a fractured aquifer with high yield potential and areas in the south of Zone B18 (north east of
Cunene) are underlain by unconsolidated aquifer of moderate yield potential. New boreholes are
proposed north east of Cunene, within and surrounding Lubango and Mutumieque and west of Cahama.
The surface water in Zone B18 is intermittent within most of the rivers. Although construction of the dams
are investigated on the Caraculo, Bero, Giraúl, Inamangando, Bentiaba and Carujamba rivers (Macauhub,
2019); only dams on the Cunene River in the south of zone B18 are proposed at this point. Due to sandy,
highly seasonal rivers, sand dams are proposed in the south east areas of Zone B18 to supply rural and
farming communities with water in the dry seasons. Run of river abstraction is proposed along the Cunene
river for communities close to the river, however the water quality and silt content will have to be taken
into consideration about feasibility studies.
Angola is the second largest oil producing country in sub-Saharan Africa (Nogueira, 2017), therefore there
should be enough energy potential to power a small scale desalination plant especially in Namibe to
provide a high reliability of water which can sustain supply and especially be used in drought seasons. With
Namibe as a major port town, the high cost associated with desalination as well as the expert skills needed
could be sourced. However, maintenance programs will have to be put into place for the long-term
sustainability of the desalination plant (JICA, 2016).
The areas along the coast below 200m experience fog for most of the year, fog-water harvesting could be
further investigated in the coastal areas.
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Figure 4-21: Proposed water supply interventions for Zone B18

4.6.2. Zone B19
Hotspot Discussion Zone B19
Similar to Zone B1, Zone B19 is characterised by high population density and intense urbanisation – this
time around Luanda, capital city of Angola. This high level of population vulnerability along with intense
groundwater drought risk causes the zone to be an important hotspot in the region.
Proposed Interventions Zone B19
The main challenges within Zone 19 include the inequity of water supply between urban and peri-urban
areas, the poor water quality of surface and groundwater resources and the high seasonality of the Cuanza
River. Water treatment for all proposed interventions has to be taken into consideration upon feasibility
studies (Cain & Baptista, 2020; Cain, 2017). The following six intervention types are proposed as preferred
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interventions (Figure 4-22

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone 19 is underlain by karst aquifers with moderate yield potential unconsolidated aquifers with high
yield potential. New boreholes are proposed for the peri-urban areas, however these boreholes have to
be monitored closely such that not seawater intrusion takes place and the water has to be treated before
use, as many of these aquifers are contaminated by the urban areas. As Luanda is the capital city of Angola,
skills and capital for managed aquifer recharge could be sourced. Managed aquifer recharge is proposed
in the western areas of the hotspot, to ensure a high reliability of supply especially when surface water
supply is low and prevent seawater intrusion (Cain & Baptista, 2020).
Run of river abstraction is proposed for areas along the Bengo, Dande and the Cuanza River. This is a low
cost and low reliability intervention and should be used in conjunction with other interventions such as
groundwater and managed aquifer recharge. The water from the rivers will have to undergo some form of
treatment before distribution (Cain, 2017).
Sand dams are proposed in the Bengo river in the western parts of Zone B19, this low-cost intervention
can increase the water supply to peri-urban areas and can also recharge the underlying aquifers. Water
reclamation and reuse is proposed in the central part of Zone B19, however there are maintenance and
operational challenges that will have to be overcome if this intervention is to be implemented. It is
considered that desalination is not the most appropriate intervention for this zone, as there are enough
other water resources available (JICA, 2016).
Finally, rainwater harvesting is proposed for most areas in this hotspot. Rainfall in this zone is around
400 mm a year which makes it feasible for rainwater harvesting especially in the peri-urban areas.

Figure 4-22: Proposed water supply interventions for Zone B19
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Island States (in alphabetical order)
Raw data for Islands States were not as detailed and well-defined or available as was the case with SADC
Mainland. The scale of the available data limits evaluation of the grid cells on the criteria of the
interventions. Therefore, the technical criteria of the interventions were adapted to the data available.
The size of the hotspots for Comoros as well as Seychelles is smaller than the grid size that was chosen for
evaluating the criteria. Therefore, the whole of Comoros., Seychelles and Mauritius were gridded and each
grid was assessed on the technical criteria.

4.7.1. Comoros: Zones B22, B23 and B24

Figure 4-23: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population
Vulnerability Areas of Priority overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the
surface water risk map for Comoros
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Figure 4-24: Identified hotspots Zones B22, B23 and B24

Hotspot Discussion Zones B22, B23 and B24
Raw data for Islands States were not as detailed and well-defined or available as was the case with SADC
Mainland. The scale of the available data limits the identification of hotspots in the Island States, in
particular, to areas where there are relatively higher population densities. Zones 22, 23 and 24 are areas
in the Comoros that are thus characterised as hotspots largely based on the location of key settlements
on the countries’ islands, such as the capital city, Moroni.
Proposed Interventions Zones B22, B23 and B24
The Comoros Islands face challenges in fresh water supply that varies seasonally. The rural upland
communities, making up 50 percent of the island’s population, rely solely on rainwater harvesting. (UNDPClimate Change Adaption, 2018) and 80 percent of the rural population is reliant on rain-fed agriculture
(UNDP-Climate Change Adaption, 2018). The following four intervention types are proposed as preferred
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interventions (Figure 4-25

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Comoros has relatively high rainfall associated with moderate to high seasonally. There are few rivers, and
much of the population relies for water supplies on rainwater harvesting, stored in tanks and cisterns
(British Geological Survey, 2018). Grande Comoros does not have surface water, requiring coastal towns
to exploit marginally fresh groundwater resources. Aquifer layers are recharged every year during rainy
season, because infiltration is abundant in volcanic soil. Therefore, new boreholes are proposed within
Zone B24. However, it is suggested that Grande Comoros Island also explore additional resources. These
include some form of stormwater harvesting where water is attenuated in attenuation ponds. Additionally
small scale dams are proposed for B24 surrounding Moroni (Union of Comoros, 2012), these should be
constructed in such a way that when cyclones and heavy rains hit the island, these dams will not collapse
and cause flash floods in communities. The medium cost associated with these small-scale dams provide
a medium reliability of supply for the capital city and also address flooding issues in some way.
In Zone B23, it is proposed that larger rainwater harvesting reservoirs be set up such that the increased
volume of rainwater stored provides better reliability of supply. It is not deemed as financially viable to
construct small dams in this region as the population served is relatively small. It is also an option to explore
renewable energy desalination alternatives, however it is not proposed at this stage because surface water
is available and the interventions to control the seasonality of surface water is the first priority.
Moheli and Aniouan use surface water resources as there are no proven groundwater resources and
people rely completely on seasonal streams (UNDP-Climate Change Adaption, 2018). For Zone B22 larger
rainwater harvesting reservoirs and stormwater attenuation ponds are proposed.
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Figure 4-25: Proposed water supply interventions for Zones B22, B23 and B24

4.7.2. Madagascar: Zones B20 and B21
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Figure 4-26: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population
Vulnerability Areas of Priority overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the
surface water risk map for Madagascar

Figure 4-27: Identified hotspots Zones B20 and B21

Hotspot Discussion Zone B20 and B21
There are two hotspots in Madagascar: Zones 20 and 21. Both these hotspots are focused on the key cities,
namely Toliara and the capital city, Antananarivo. However, their physical reasons for being hotspots
differ: Zone B20 (around Toliara) is especially vulnerable to surface water drought risk, while Antananarivo
(Zone B 21) is particularly vulnerable to groundwater drought risk.
Proposed Interventions Zone B20
The lack of sanitation and wastewater treatment in Madagascar and zone B20 is a cause for concern. Only
11% of the population have access to basic sanitation services, and 57% of rural Madagascar practice open
defaecation (WHO/UNICEF Joint Monitoring Programme, 2017). Serious consideration for water quality
and treatment will need to be taken before any of the proposed surface and groundwater interventions
can be implemented.
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The following four intervention types are proposed as preferred interventions (Figure 4-29

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Southern Madagascar (including Zone B20) has the country’s lowest water supply coverage. Zone B20 lies
in a semi-arid area, with precipitation ranging from 530 mm/a in the southern part of the zone to 700
mm/a in the northern part of the zone. The runoff and discharge volumes are also low, thus Zone B20 is
characterised by high surface water risk (Figure 4-26). The majority of the domestic water demand in the
area is met by surface water, followed by shallow and deep aquifers (Mamifarananahary, et al., 2007).
These surface water sources are prone to pollution. Given the high surface water risk and issues with
pollution, the augmentation of existing surface water sources is necessary.
Hotspot Zone B20 in situated in the southernmost part of Morondava Sedimentary Basin (Figure 4-28).
The groundwater water quality in the Morondava Basin is generally of a high enough standard to be used
for domestic demand, with the exception of some coastal aquifers that are prone to sea water intrusion
(Mamifarananahary, et al., 2007). The shallow unconfined aquifers are mainly recharged by recent rainfall
and surface water and have a short residence time, while the deeper confined aquifers are recharged from
rainfall in the highlands to the east and have a longer residence time (Mamifarananahary, et al., 2007).
Deeper boreholes (~60m) are therefore preferred over shallow ones (~20m) as they are less prone to
contamination, and more resilient to short term rainfall fluctuations and the impact of climate change.
Given the lower groundwater drought risk (Figure 4-26), the drilling of new boreholes into confined
aquifers is therefore proposed across the whole of Zone B20, with the exception of Toliara and the coastal
areas. Managed aquifer recharge is proposed in the northern part of Zone B20 as a way to ensure
groundwater sustainability.

Zone B20

Figure 4-28: Madagascar's sedimentary basins (Wu, et al., 2019)
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Toliara is particularly prone to surface water pollution, as are other cities in Madagascar with high levels
of urbanisation and low levels of formal sanitation. As such, stormwater harvesting is not proposed around
the area of Toliara, although it is technically possible. Stormwater harvesting is however proposed in the
central and eastern part of the catchment, where a high clay content in the soils makes it technically
possible. Around Toliara itself, rainwater harvesting is proposed as an intervention, given that formal
structures are in place.

Figure 4-29: Proposed water supply interventions for Zone B20

Proposed Interventions Zone B21
Water quality is also a major cause of concern in Zone B21. Water quality issues are exacerbated by poor
services in Antananarivo, where 24% of the urban population still practices open defaecation
(WHO/UNICEF Joint Monitoring Programme, 2017). Serious consideration for water quality and treatment
will need to be taken before any of the proposed surface and groundwater interventions can be
implemented.
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The following four intervention types are proposed as preferred interventions (Figure 4-30

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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Zone B21 is characterised by high runoff and rainfall, in comparison to zone B20. Rainfall in the area of
Antananarivo is around 1,300 mm/a. The city of Antananarivo itself is situated in the highlands and lies in
the natural floodplains of the Ikopa River. It is prone to regular flooding during the high rainfall season.
Rapid urbanisation and landcover change have worsened this problem. Heath et al. (2010) notes that the
drainage channels in Antananarivo are ineffective, and prior to 2000, the roads drained the area, but have
now been raised which traps the flood water. Given the significant water quality challenges in
Antananarivo and its peri-urban areas, stormwater harvesting is not recommended as an intervention,
even though the high clay content in the soil makes it an ideal setting.
Rainwater harvesting is recommended as an intervention, given that its less prone to pollution than
surface water and groundwater sources. Rainwater harvesting is proposed in the north east of Zone B21,
which is more developed and has a higher rainfall.
The low-lying peri-urban areas around Antananarivo have a high groundwater table (Heath, et al., 2010).
As such, shallow wells are one of the main sources of drinking water in Antananarivo, in addition to high
yielding springs in some locations. Pit latrines are the dominant form of sanitation which impacts the
shallow groundwater quality. While there is limited scope for shallow groundwater development, given
the water quality issues, there is scope for the drilling of deeper boreholes. Drilling of new boreholes is
proposed as an intervention in the peri-urban and rural areas of Zone B21, granted that these boreholes
are drilled into a confined aquifer (to minimise pollution from shallow groundwater). Given that this zone
is particularly vulnerable to groundwater drought risk, abstraction volumes will need to be carefully
monitored are monitored. Managed aquifer recharge is only proposed as an intervention in the southern
and western parts of Zone B21, but not around Antananarivo, due to its water quality issues. Managed
aquifer recharge could help restore depleted aquifers.
Run-of river abstraction and dams are not considered technically possible. Additional abstraction from
Lake Itasy (Madagascar's fourth largest body of water) is proposed as a source of domestic water, given
that treatment facilities are in place. Abstraction will need to be monitored and planned as the lack of a
management plan has led to soil pollution, tree depletion and increased erosion (International Office for
Water, 2019)
Sand dams are proposed in the peri-urban and rural areas around the edge of Zone B21, which will help
trap the sediment loads during the rainy periods. As water quality is a major cause of concern during the
rainy period, sand dams would be particularly beneficial by acting as a natural filtration mechanism.
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Figure 4-30: Proposed waterWwater supply interventions for Zone B21

4.7.3. Mauritius: Zone B25
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Figure 4-31: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population
Vulnerability Areas of Priority overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the
surface water risk map for Mauritius

Figure 4-32: Identified hotspot Zone B25

Hotspot Discussion B25
There is only one hotspot in Mauritius: Zone B25, which is located around the capital city, Port Louis. The
main area of the hotspot is towards the north of Port Louis, near the towns of Goodlands and Grand Caube.
This location is characteristic of high population density along with high groundwater drought risk.
Proposed Interventions Zone B25
Mauritius has a number of available water resources; however, the resources are not evenly distributed
throughout the island and there are a number of gaps between water demand and water supply (JICA,
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2016). The following five intervention types are proposed as preferred interventions (Figure 4-33

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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There are a number of existing dams in Mauritius, some of which have been rehabilitated. It is proposed
that some more small-scale dams be constructed, or the capacity of existing dams be increased, to
accommodate for increased water demand. The feasibility of seawater desalination project is considered,
identifying water demand and supply gap caused by uneven regional distribution of water resources. (JICA,
2016). Run of river abstraction is proposed for the western areas of Mauritius from streams and rivers in
the mountain ranges.
The west of Mauritius Island is classified as Tropical Savannah while the east falls under Tropical Monsoo.
In the west of Mauritius, rainfall of less than 1 000mm occurs, to 2 000 mm in the north/eastern and
3 000mm in the southern and central mountains (JICA, 2016). Desalination is considered a long-term
sustainable water supply solution for Port Louis; it is however not the first at this stage.
Finally, larger rainwater harvesting reservoirs as well as stormwater harvesting infrastructure, such as
attenuation ponds could be incorporated into the existing drainage system. Stormwater harvesting is
especially proposed for the existing drainage networks.

Figure 4-33: Proposed water supply interventions for Zone B25
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4.7.4. Seychelles: Zone B26

Figure 4-34: a) Population Vulnerability Areas of Priority, identified for consideration of interventions, b) Population
Vulnerability Areas of Priority overlaid with the GDR map, c) Population Vulnerability Areas of Priority overlaid with the
surface water risk map for Seychelles

Figure 4-35: Identified hotspot Zone B26
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Hotspot Discussion B26
Much of the small islands of the Seychelles is proclaimed as natural park areas. The Seychelles hotspot
(Zone B26) reflects the area where most of the country’s population is settled, in the many towns that lie
within this Zone.
Proposed Interventions Zone B26
The main challenges for Zone B26 include increased demand due to population growth and increased
tourism demand coupled with marine and environmentally protected areas. The following two
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intervention types are proposed as preferred interventions (Figure 4-36

Figure 4-3Figure 4-2) based on technical, financial and other considerations.
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There is currently a water supply dam on Mahe Island called the La Gogue Dam. The capacity of this dam
has been increased to increase the storage (Africa Water Facility, 2008). Desalination is a most unlikely
option because of the marine protected areas surrounding all of the Seychelles Islands. However, further
rainwater harvesting and potential stormwater harvesting attenuation ponds are proposed.

Figure 4-36: Water supply interventions that are technically possible in Zone B26

Summary of proposed interventions per hotspot
A survey (Appendix C) was sent to the Member States to get an idea of the cost of the different
interventions as well as additional information on existing drainage networks and water treatment plants
within the hotspot areas. Based on the intervention costs of the country, only the most cost-effective and
preferred interventions per hotspot zone are presented. As such, a final list of the most appropriate
interventions for the given hotspots are presented in the Table below.
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Table 4-1: Proposed interventions for the hotspots in Member States

Member
States
DRC

Tanzania

Malawi

Mozambique

Zambia

Zimbabwe

Eswatini
South Africa
Lesotho
Namibia

Hotspot
ID
B1
B2
B2
B3
B4
B5
B6
B7
B8
B7
B8
B12
B13
B6
B9
B9
B10
B11
B12
B13
B11
B14
B16
B15
B17
B18

Sand Dams

Rainwater
Harvesting

Stormwater
Harvesting

Dams

No
Yes
No
Yes
No
*Yes
*Yes
No
Yes
Yes
No
*Yes
No
Yes
Yes
*Yes
Yes
Yes
*Yes
Yes
Yes
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
*Yes
Yes
Yes
Yes
*Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No

Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
*Yes
No
Yes
No
No
No
No
No
No
Yes
No
No
No
No

Yes
Yes
Yes
*Yes
No
Yes
*Yes
*Yes
*Yes
No
*Yes
No
No
No
Yes
No
No
*Yes
No
Yes
*Yes
No
No
Yes
No
No
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Run of
River
Abstraction
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
*Yes
Yes
Yes
No
Yes
Yes
Yes
*Yes
No
No
No
Yes
No
No
No
Yes
No
Yes

Desalination
No
No
No
No
Yes
No
No
No
No
No
No
No
*Yes
No
No
No
No
No
No
No
No
No
*Yes
No
*Yes
No
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Water
Reclamation
and Reuse
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
*Yes
No
*Yes
No

Managed
Aquifer
Recharge
Yes
No
No
Yes
Yes
Yes
Yes
No
Yes
No
*Yes
No
Yes
No
Yes
No
No
No
No
No
No
No
Yes
No
Yes
No

New
Boreholes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
*Yes

Member
States
Angola
Madagascar

Comoros
Mauritius
Seychelles

Hotspot
ID
B18
B19
B20
B21
B22
B23
B24
B25
B26

Sand Dams

Rainwater
Harvesting

Stormwater
Harvesting

Dams

Yes
*Yes
No
Yes
No
No
No
No
No

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
No
Yes
Yes
Yes
Yes
Yes

*Yes
No
No
No
No
No
Yes
Yes
No

Run of
River
Abstraction
*Yes
Yes
No
No
No
No
No
Yes
No

Desalination
*Yes
No
No
No
No
No
No
*Yes
No

*Yes – Refers to only a few grid cells in the hotspot qualifying for the intervention
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No
No
No
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No
Yes
Yes
Yes
No
No
No
No
No
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Yes
Yes
Yes
Yes
No
No
Yes
No
No

IMPLEMENTATION CONSIDERATIONS
Institutional Capacity
5.1.1. Institutional Capacity required per intervention area
The various interventions proposed have been assessed with regards to their financial and technical
feasibility. However, with any intervention, it is also necessary to understand the institutional capacity
required to undertake it. Despite an intervention being technically and financially feasible, without
sufficient institutional capacity, the intervention will not be possible. Depending on the level of complexity
of a project, the institutional capacity required can vary. The proposed interventions and their required
level of institutional complexity is listed below in Table 5-1
Table 5-1: Institutional capacity required for the interventions

Intervention
Sand dams
Rainwater harvesting
Stormwater harvesting
Dams / reservoirs
Run of river abstraction
Desalination
Water reclamation and reuse
MAR
New boreholes

Institutional capacity required
Low
Low
Low – Medium
Medium
Low – Medium
High
High
Medium – High
Low

5.1.2. Institutional Capacity existing within each Member State
In order to understand the “implementability” of the proposed interventions in SADC, a high-level
overview of the institutional capacity within each Member State is presented below.
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Table 5-2: Minimum institutional requirements, adapted from SADC-GMI’s national gap analysis reports for each Member State (2019).

Not achieved

Country

Angola

Botswana

Comoros

Achieved

Partially achieved

Minimum institutional requirements

Level

An institutional framework with a clear assignment of responsibilities
Institutional stability of the management model of water resources
Ongoing training, capacity building and social mobilization
Intersectoral collaboration is promoted and facilitated for the needs and the impacts of different sectors (for example, land,
agriculture, mining, energy, and environment) are taken into account in the management of groundwater
Instruments to ensure shared governance between the central Governments provincial governments, users and civil society
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
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Country

DRC

Eswatini

Lesotho

Minimum institutional requirements

Level

Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
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Country

Minimum institutional requirements

Level

Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
Madagascar abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
Malawi
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
Mauritius
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
Mozambique
relevant authorities in accordance with uniform governance principles;
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Country

Namibia

Seychelles

South Africa

Minimum institutional requirements

Level

Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
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Country

Tanzania

Zambia

Zimbabwe

Minimum institutional requirements

Level

The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
Legislation should contain provision for its effective implementation, including the mandate, competence and power of the
relevant authorities in accordance with uniform governance principles;
Water authorities or coordinating bodies should have the competence to integrate all aspects of water management and should
be rendered competent to arbitrate among various competing demands, and diverging interests regarding groundwater
abstraction and use, both in the short-term and in the long-term;
The authority or body should collaborate with other authorities, competent for public health, land-use planning, soils management,
waste management;
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Country

Minimum institutional requirements

Level

Water user associations and other appropriate forums (such as municipalities) should be utilized to strengthen the user advocacy
role and achieve new partnerships and a joint management of the common resource.
The above table provides an overview of the institutional capacity for each Member State in SADC regarding groundwater and has been adapted from SADC-GMI’s
national gap analysis reports (2019). This high-level and qualitative analysis provides a quick window into areas that may need to be strengthened for some of the
higher order interventions, such as desalination. Furthermore, the above table only reflects the institutional capacity of groundwater management and
development, and while this can be extended to broader water resources management as a whole, it is important to keep this in mind when considering the
implementation of the interventions within the Member States.
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5.1.3. Proposed recommendations for institutional strengthening
The table above reveals that very few countries have the strong level of groundwater institutional capacity
to implement some of the interventions proposed. Building on from the SADC-GMI’s national gap analysis
reports (2019), the following section provides a summary of areas that may require strengthening.
Within Angola, an institutional framework is established within the country but there is still fragmentation
within the water sector. Collaboration and coordination between the different sectors necessary for
effective water resource management does need to be strengthened, as this will have a direct impact on
the ability to effectively implement the proposed interventions. With many Member States, there is also
a need to strengthen the technical capacity within the sector, specifically regarding hydrogeologists. This
needs to be coupled with adequate capacity building and training to promote effective groundwater
management for Angola (SADC-GMI, 2019 a).
As noted in the Botswana National Gap Analysis Report by SADC-GMI (2019), there are a range of issues
that can strengthen the country's institutional capacity to implement interventions. This includes minimum
stakeholder participation during planning phases and adequate technology investment to promote
effective groundwater management, conservation and monitoring of groundwater resources. The
Department of Water Affairs, that is responsible for the management and development of water resources
in the country, lacks the finances, capacity, skills and training to adequately monitor groundwater
resources and to invest in research for conservation and management (SADC-GMI, 2019 b).
In Comoros, the ownership of groundwater by the State needs to be strengthened together with
intersectoral collaboration. While the Draft Water Law Code notes the importance of intersectoral
collaboration, the Code makes limited reference to how other departments and sectors can collaborate
and this has created uncertainty regarding roles and responsibilities of the different institutions involved
in water resources management and development. At a local level, the functionality of local water
management institutions needs to be improved which will support the implementation of some of the
proposed interventions. Breakdowns in the water supply system also needs to be reduced as this can
impact interventions such as reclamation and reuse as well as desalination (SADC-GMI, 2019 c).
Within the DRC, there are a range of institutions that play a role in water resource management and
development. However, stronger clarity around mandates of the different institutions is required as there
are overlaps between institutions. Funding and human capacity also required strengthening these water
resource management institutions (SADC-GMI, 2019 d). Noting that B2 lies within a transboundary zone,
the need for coordination between institutions from DRC and Tanzania is critical in ensuring effective
implementation of the proposed interventions at a local level.
The Kingdom of Eswatini’s institutional capacity can be improved through strengthened coordination and
collaboration within the water sector as well as between other sectors. There is also the need for formal
agreements to provide guidance to the sectors. Looking at groundwater, groundwater resource
management can be improved when compared to surface water resources management, particularly
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around stakeholder participation and institutional development. In addition, capacity within government
can be increased and the various institutions responsible for water resources management at a national
and local level require more financial and technical resources. Although there is groundwater-related
capacity building and training, this occurs on an ad-hoc basis and a more comprehensive approach is
required at a local level (SADC-GMI, 2019 e).
As noted for other Member States, Lesotho also requires addition funding for the management of
groundwater resources including monitoring. Skills capacity and knowledge development regarding
groundwater at central government and community levels can be improved together with planning and
coordination between the different departments to prevent a fragmented and siloed approach. The
establishment of structured water user associations (WUAs ) needs to be promoted at a local level which
support interventions implemented on a local scale (SADC-GMI, 2019 f).
Madagascar’s institutional framework requires further strengthening with regards clarity of roles and
responsibilities in groundwater management. The current structure of the National Water and Sanitation
Authority, which is primarily responsible for driving integrated water resources management in the
country, needs to incorporate groundwater management more strongly. The Basin Agencies and
Committees, which operate at a central and local government level, require more resources and support
to improve functionality. A proper understanding and implementation of a multi-sectoral approach to
water resources management should also be prioritised to promote coordination and collaboration
between actors from different sectors (SADC-GMI, 2019 g).
Malawi has a number of hotspots that overlap with Zambia and Mozambique making transboundary
management critical for implementation of the interventions. This raises the issue of sufficient and
effective institutions in place to manage the resource at a transboundary level. This would require
significant coordination between institutions from neighbouring Member States as well as the
establishment of a transboundary institution. The Zambezi Watercourse Commission (ZAMCOM) is
currently an established river basin organisation in the region and creates the opportunity to manage
implementation of the intervention at a transboundary level. There is also a drive to promote conjunctive
water management at the Shire Aquifer / River system that lies in Malawi and Mozambique. The same
issue regarding scale and transboundary institutions can be applied to Zone B9 which overlaps with other
Member States. The need for stronger human, financial and technological capacity is essential within
Malawi’s institutions including technical experts such as hydrogeologists and capacity development in
groundwater development. In addition, government funding needs to be strengthened to effectively
manage groundwater as well as being supported by funding from non-governmental organisations /
development financing institutions / international cooperating partners (SADC-GMI, 2019 h).
In Mauritius, the Water Resources Unit was established under the Ministry of Energy and Public Utilities
as the apex body responsible for management and regulation of water resources (including groundwater).
However, this has not been legally established, creating issues around enforcement and regulation of the
water sector. More authority within the current regulatory and legislative framework needs to be granted
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to the Utility Regulatory Authority (responsible for management of water licences and water tariffs) to
regulate the water sector (pending approval of the new Water Bill). The Water Resources Unit also requires
increased financial and human capacity (SADM-GMI, 2019 i).
Mozambique, with regards to groundwater management, requires stronger institutions at a provincial
level for groundwater management. Current groundwater management that is occurring is primarily
around drilling activities and operation and maintenance of existing boreholes. Sharing and dissemination
of information by the various water-related organisations in the country needs to be promoted. Human
resource capacity also needs to improve to adequately implement some of the proposed interventions
and this includes capacity building around groundwater. In addition, the water sector needs further
increases in its budget allocation to support monitoring and research at a regional level (SADC-GMI, 2019
j).
Namibia’s groundwater institutional framework needs further strengthening and is primarily a
hydrogeological service function at national level. This impacts groundwater management at a local level
as the centralised nature of water resources management leaves little room for provincial and local
institutions to make key decisions regarding management of the resource. Furthermore, a more
coordinated approach to aquifer management is required together with stronger incorporation of water
supply planning in future developments. Collaboration and coordination between the different sectors can
be strengthened to support comprehensive planning and management of the resource. There is also the
need for improved capacity at a local level in basin structures with regards to groundwater management.
Noting that some of the hotspots in Namibia are transboundary in nature, the establishment of
transboundary organisation dealing with groundwater can benefit implementation of interventions that
involve both surface water and groundwater (SADC-GMI , 2019 k).
Seychelles’ institutional landscape for water is complex with a number of agencies involved in water
resources management. These institutions require stronger clarity regarding mandates, roles and
responsibilities to prevent duplication and confusion. Noting that these institutions do not lie under one
Ministry or Agency, there is a need to drive integration in support of an overarching goal. Increased human
capacity and training in the water sector at all levels of government can also help strengthen the
institutional framework in the country (SADC-GMI, 2019 l).
In South Africa, Catchment management agencies (CMAs) play a critical role in water resource
management at a provincial level. While nine CMAs are planned for in the acts and strategies, only two
have been established in the country. WUAs are also a key component in supporting water resource
management at a local level and requires further strengthening. Capacity at a municipal level can be
improved to manage and develop the resource effectively and will impact the proposed interventions
which will be undertaken at a local level. In addition, groundwater in terms of institutional development
can be strengthened together with the creation of a transboundary organisations to manage groundwater
at a transboundary level. Noting that hotspot B11 lies in both South Africa and Zimbabwe (with a small
portion lying in Botswana), the establishment of such as organisation can significantly support
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implementation of some of the proposed interventions as this will assist in coordination between the
Member States (SADC-GMI, 2019 m).
Tanzania employs a hydrologic basin approach where water management is implemented at a basin level
following a subsidiarity principle and includes Basin Water Boards, Catchment Water Committees as well
as WUAs at a local level. However, the creation of a specific institution dedicated to groundwater
management and development can positively support implementation of groundwater-related
interventions. Strengthening of technical capacity within the water-related institutions can also support
the interventions (SADC-GMI, 2019 n). This includes technical and managerial capacity together with
improved coordination between organisations at a national, regional, district and community level (Origo,
et al., 2020).
Zambia’s Water Resources Management Authority is mandated to lead water resources management and
development in the country, however, coordination between the different institutions across sectors can
be improved. Stronger coordination of groundwater-related activities at a transboundary level is also
required. Other issues that were highlighted was the need to bolster human resources (particularly
sufficiently qualified and trained technical experts) and financial resources to effectively undertake some
of the proposed interventions (SADC-GMI, 2019 o).
Zimbabwe has several institutions responsible for supporting water resources management. At a
catchment-level, there exists Catchment and Sub-Catchment Councils to support water resource
management. One of the key areas to strengthen, with regards to the Catchment and Sub-Catchment
Councils, is that their areas of jurisdiction should go beyond only surface water and include specific
functions that are explicit to groundwater resources management. This will strengthen the ability the
country’s ability to implement interventions such as MAR and other conjunctive-use activities. Also, clarity
around mandate, roles and responsibilities for the large number of similar institutions can prevent
duplication and conflict at a local level. In addition, coordination and collaboration can be strengthened
between the different institutions while organisations below the sub-catchment level can also benefit from
increased capacity and resources. This can be support by increased funding to help improve the operations
within these institutions (SADC-GMI, 2019 p).

Political Buy-in and Support
The interventions identified above are based on technical assessments of each of the Member States. To
turn these interventions into reality, political support and buy-in from the key decision-makers in the
Member states will be required, together with the strong recognition around the role that groundwater
can play in building a country’s resilience to climatic impacts and shocks.

Adoption as part of Member State’s broader water resources (and groundwater)
management plan
The proposed suite of interventions provides direction to Member States on feasible interventions that
have a significant impact on building their resilience and mitigate the impacts of groundwater and surface
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water drought. These interventions will require adoption and assimilation into existing broader water
resources plans so that appropriate planning and implementation can take place.

Mobilisation of resources
In the discussions around adoption and planning, the mobilisation of resources also becomes a key
element to implementation success. Understanding the technical capacity available to implement the
intervention, together with broader management capacity is important. Another critical issue is mobilising
the funds to undertake the prioritised interventions.
Each of these interventions will require a project preparation documentation to be able to access funds
that sit outside of Member States, either through development finance institutions or international
cooperating partners. Tapping into innovative finance mechanisms, such as climate resilience funding, also
presents a key avenue to access funding.
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CONCLUSIONS AND WAY FORWARD
The update and revision of the GDR map provided a significantly high-level of resolution for groundwater
drought in the region. This together with understanding the current and projected surface water
availability provided a strong foundation for understanding water risk in the region. The overlay of the
population vulnerability mapping supported the identification of hotspots areas that had both significant
population vulnerability and significant water risk due to either groundwater drought and limited surface
water availability.
The hotspot areas helped focus in on key risk areas. 11 types of water supply interventions (utilising rain,
surface and groundwater) that were considered in the analysis. The top three most suitable interventions
across the hotspots are the digging of new boreholes, rainwater harvesting and run of river abstractions
(Table 6-1). These all require low-to medium level institutional capacity to implement.
Table 6-1: Top three interventions for the hotspots in Member States

Member States
DRC

Tanzania

Malawi

Mozambique

Zambia

Zimbabwe

Eswatini
South Africa
Lesotho
Namibia
Angola
Madagascar

Hotspot ID
B1
B2
B2
B3
B4
B5
B6
B7
B8
B7
B8
B12
B13
B6
B9
B9
B10
B11
B12
B13
B11
B14
B16
B15
B17
B18
B18
B19
B20

Rainwater Harvesting

Run of River Abstraction

New Boreholes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
*Yes
Yes
Yes
Yes
*Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No
Yes
Yes

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
*Yes
Yes
Yes
No
Yes
Yes
Yes
*Yes
No
No
No
Yes
No
No
No
Yes
No
Yes
*Yes
Yes
No

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
*Yes
Yes
Yes
Yes
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Member States

Comoros
Mauritius
Seychelles

Hotspot ID
B21
B22
B23
B24
B25
B26

Rainwater Harvesting

Run of River Abstraction

New Boreholes

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
Yes
No

Yes
No
No
Yes
No
No

It should be noted that whilst the interventions identified were limited to the hotspot areas, the
methodology used in the identification of these can be undertaken by Member States using the results
from the GDR, surface water availability and population vulnerability mapping, especially where there is
strong alignment with their own national agendas. This project took a regional view, and as such, the
results reflect that.
It should be noted that SADC-GMI has initiated discussions with key role players, such as Climate Resilient
Infrastructure Development Facility, World Bank, United States Agency for International Development,
and others to further explore areas of alignment and opportunities to take a few of these interventions
forward.
It is therefore encouraged that these results be used as a foundation to explore areas of collaboration and
alignment at national and regional level, so that there are collective approaches to building broader
regional resilience.
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APPENDIX A
Intervention Type

Sand Dams

Rainwater
Harvesting

Stormwater
Harvesting

Dams

Criteria Required to Implement (Geographical, Technical, Physical etc.) (technical viability)

Data needed

Possible data source

Distance to river (preferably less than 5 km radius)

Distance from River use 5km radius
layer

Population Vulnerability Map: Distance to
River

Sandy river underlain by impermeable or less permeable bedrock or clay

Regional Geology Map 1:1000000
(1:250000)

(gip_Aquifers_surface rock type)

Regions sloping 1 to 2%. Highest water storage due to lower gradient of the channel bottom.

Slope map

Slope
HydroSHEDS catalogue: Terrain slope or
Stream Gradient

Seasonal sandy rivers, which experience high siltation during the rainy season (high water runoff, high
seasonality)

Discharge Seasonality

Surface Water seasonality index map

SADC-GMI (2020) Surface Water
Risk Map

Water availability: Cumulative Discharge per basin compare to the water demand (pop* 50l/p/d) should at
least 35%.

Mean Annual Discharge

Surface Water Availability

SADC-GMI (2020) Surface Water
Risk Map

High density urban Areas --> rainwater collection points such as household gutters
Select density

Population density

HydroSHEDS has population per sub-basin

Roof Water Harvesting: Roofs should be made of impermeable material e.g. metal/tiles (Limiting factor) --->
other rainwater harvesting techniques (narrative)
Urban Areas

Roof Types (Proxy spatial indicatorurban areas

Land cover-urban areas HYDROATLAS

Rainfall monthly time series check that have at least 6 months of 50 mm or more

Seasonality of Rainfall

Surface Water seasonality indices

Level of impermeable surfaces (roads, parks, gardens, human-made surfaces, stormwater pipes and canals)

Land Cover Maps

Global land cover

Bare Rock and surfaces with high clay content

Geology map

HydroSHEDS sand fraction as

Existing stormwater /drainage networks

Human Development Index

Quality of Stormwater
Threshold

Level of sanitation (UNICEF/WHO
JMP)
Level of industrialisation

Slope in region (physical characteristics of region): Storage and Conveyance
Slope range (2% avg catchment slope)

Slope map

Slope
HydroSHEDS catalogue: Terrain slope or
Stream Gradient

2) Water availability - Cumulative Discharge per basin compare to the water demand (pop in buffer area*
50l/p/d) should at least 50%- 60%.

Mean Annual Runoff

Surface water Availability

115

hydrobasin
SADC-GMI GIP data (https://sadcgip.org/)
Population Distribution - Available
with NASA – Socioeconomic Data
and Application Centre dataset
GLC2000 Bartholomé & Belward,
2005
SADC-GMI GIP data (https://sadcgip.org/)
Population Distribution - Available
with NASA – Socioeconomic Data
and Application Centre dataset
SADC-GMI (2020) Surface Water
Risk Map
GLC2000 Bartholomé & Belward
2005

UNICEF/WHO JMP (join monitoring
program)-national scale and rural and
urban areas
HydroSHEDS

Draft

SADC HGM Project (SADC, 2010)
SADC-GMI (2020) GIS Priority Areas
Report
SADC-GMI GIP data (https://sadcgip.org/)
Robinson et al. 2014

Meijer et al. 2018

Water Availability: unit runoff*area
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Reference

Robinson et al. 2014

Surface Water maps

Intervention Type

Desalination

Water
Reclamation/
Reuse

Managed Aquifer
Recharge

Groundwater
reuse and
Recycling

Drilling of New
Boreholes

Conjunctive use

Criteria Required to Implement (Geographical, Technical, Physical etc.) (technical viability)

Data needed

Possible data source

3) Suitable topography for dam construction: DEM -calculate per gridcell --> get maximum slope for the gridcell
(Valleys)--> application

Topography

Digital Elevation Model

1) Proximity of dam sites to demand centres-20km radius of villages or cities…
Calculate number of people in buffer_more than 1000 people)

Demand center locations:
Distribution and Density

1) Distance to coast--> 20km buffer around cities intersect with Ocean

Demand center locations

Energy Intensive, proximity to electricity network
What is the cut off--> refine as go along

Human Development Index/Level
of industrialisation

Brine disposal: Not suitable in sensitive marine environments--> buffer to sensitive areas (50km +/-)

Marine protected areas

Protected planet

Waterborne sanitation systems in place
Cut off value

Level of sanitation (UNICEF/WHO
JMP)
Level of industrialisation

Water Treatment Plants

Mainly urban areas

Land Cover Maps

Land cover-urban areas HYDROATLAS

1) Aquifer permeability: Aquifer yield class column AP should be A1, B1, C1, A2, B2, C2

Aquifer Map

Groundwater Aquifer Permeability and
yield class

2) Groundwater Recharge Potential Map: Different classes. Class 5 has highest potential which should be
considered.

Recharge Map

Recharge maps

Source water (e.g. peak flows) Coefficient of variation for rainfall and discharge.
Add cut off value

Surplus wet season runoff

Surface Water map

1) Water Reuse of reclamation

Water Treatment Plants

if MAR intervention is available

2) Managed aquifer recharge

MAR available

if Managed Aquifer Recharge is available

Aquifer permeability: Aquifer yield class column AP should be A1, B1, C1, A2, B2, C2
AND D1

Hydrogeological maps

Groundwater Aquifer Permeability and
yield class

Areas of limited groundwater development

Borehole database per country

Groundwater team

Seasonality (times of water deficit)

Surface Water inter-seasonality
and intra-seasonality

Surface water indices

Density and Distribution maps

Geographical map
United Nations Development Programme
or United Nations Industrial Development
Organization

Reference

SADC-GMI GIP data (https://sadcgip.org/)
Population Distribution - Available
with NASA – Socioeconomic Data
and Application Centre dataset
Information from surveys

Information from surveys

HydroATLAS
SADC-GMI (2020) Revised
Groundwater Drought Risk Map

Surface water map indices

SADC-GMI (2020) Revised
Groundwater Drought Risk Map

Surface water maps

Groundwater and Surface Water resources: at least 1 Groundwater and 1 Surface Water
areas of Managed Aquifer recharge and or Groundwater…
chronic water demand issues
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Population vulnerability, SADC-GMI
(2020) GIS Priority Areas Report

APPENDIX B
Sand Dams
The technical criteria for sand dams to be a feasible intervention are as follows:
•

the distance between a village and a river should be less than 5 km, considering that few people
would walk more than 10 km in total per day to fetch water;

•

the sand fraction in soil within the river should be more than 50% to adequately store water in the
pores and recharge groundwater (Beswetherick, et al., 2018);

•

the river slope should be between 2% and 4% (RAIN Foundation, 2011);

•

the river should be a non-perennial river with high volumes concentrated over a short period of
time, thus a seasonality index of 40% and greater was chosen as an indication;

•

the water available in the river should at least satisfy 35% of the demand (50ℓ/person/day and
60ℓ/weighted livestock/day), for the construction of the sand dam to be viable.

Figure B-1 presents the decision-making algorithm for sand dams as applied in geographic information
system (GIS) software.
1) Is the distance from a community (with
domestic supply needs) to the river 5 km?
YES

NO

Sand Dam is not a possible intervention.
No need to evaluate the rest of the
criteria.

NO

2) Does the river have sandy material?
YES

3) Is the river slope between 1% to 4%?
NO

Spec: slope of 3.6° to 14.4°
YES

4) Is the river a seasonal river?

NO

Spec: SW seasonality index greater than 40%
YES

5) Water Availability
NO

Spec: Is the cumulative discharge per basin/unit
at least 35% of the demand (pop*50l/p/d)?
YES

Possible Intervention
Figure B-1: Workflow diagram for sand dams
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Rainwater Harvesting
The technical criteria for rainwater harvesting to be a feasible intervention are as follows:
•

sufficient rainfall of at least 50mm per month for at least half a year (Worm & van Hattum, 2006);

•

possible indication of impermeable roofs, urban areas of at least 25% coverage of an area; and

•

population density of 10 people/km2 or more, higher density areas presenting a higher probability
of impermeable roofs.

Figure B-2 presents the decision-making algorithm for rainwater harvesting as applied in GIS software.
1) Is there rainfall of at least 50mm per month for
6 months?

NO

Rainwater Harvesting is not a possible
intervention. No need to evaluate the rest
of the criteria.

YES
2) Is the area an urban area with possibility of
impermeable roofs?

NO

YES
3) Is the population density at least 10 people
per km2, to indicate

NO

Possible Intervention
Figure B-2: Workflow diagram for rainwater harvesting

Stormwater Harvesting
The technical criteria for stormwater harvesting to be a feasible intervention are as follows:
•

large proportion of impermeable surfaces which result in increased runoff, such as soils with high
clay content (greater than 20%), volcanic extrusions or roads (road network greater than 100
m/km2);

•

an average basin slope between 3.6° to 70°, to reduce infiltration and result in increased runoff;

•

possible indication of existing drainage networks, urban areas of at least 25% coverage of an area;

•

population density of 10 people/km2 or more, higher density areas presenting a higher probability
of drainage infrastructure;

•

water available as runoff occurring over the urban area should at least satisfy 20% of the demand
(50ℓ/person/day and 60ℓ/weighted livestock/day).

Figure B-3 presents the decision-making algorithm for stormwater harvesting as applied in GIS software.
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1) Is there a large proportion of impermeable
surfaces?
Spec: Either clay soils with more than 25% clay
fraction, or volcanic rock extrusions, or a road
density of 100m per kilometre or more.
YES
2) Is the population density 10 people per km 2 or
more, to indicate existing drainage networks?

NO

Stormwater Harvesting is not a possible
intervention. No need to evaluate the rest
of the criteria.

NO

YES
3) Is average basin slope between 1% to 20%?

NO

Spec: slope of 3.6° to 70° or 1% to 20%
YES
4) Is the water availability adequate?
NO

Spec: Can at least 20% of the demand be met by
water available (runoff*area)
YES
Possible Intervention
Figure B-3: Workflow diagram for stormwater harvesting

Surface Water Reservoirs (Dams)
The technical criteria for dams to be a feasible intervention are as follows:
•

The population in the demand area should be at least 1000 people, for the dam to be economically
viable;

•

the water available in the river should at least satisfy 60% of the demand (50ℓ/person/day and
60ℓ/weighted livestock/day), for the construction of the dam to be viable;

•

the average catchment slope should be between 2% and 5% (Al-Rzouq, et al., 2019);

•

the river should be a perennial river, thus the seasonality index should be 40% or smaller; and

•

the distance between a village and a river (dam on river) should be less than 20 km, to reduce
water distribution infrastructure capital and operational costs.

Figure B-4 presents the decision-making algorithm for surface water reservoirs as applied in GIS software.
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1) Does the demand area have at least 1 000
people?

NO

Dams are not a possible intervention. No
need to evaluate the rest of the criteria.

YES
2) Is the water available sufficient to supply at
least 60 % of the demand?

NO

YES

3) Is the topography suitable for a dam site?
Spec: average catchment slope between 2% and
5%.

NO

YES
4) Is the demand area situated within a 20 km
radius from the possible dam site?

Possible Intervention
Figure B-4: Workflow diagram for dams

Run of river abstraction
The technical criteria for run-of-river abstractions to be a feasible intervention are as follows:
•

a perennial river with a low seasonality index (40% or less);

•

a river with a low silt fraction, to minimize abstraction weir costs; and

•

the water available in the river should at least satisfy 60% of the demand (50ℓ/person/day and
60ℓ/weighted livestock/day), for the construction of the run of river abstraction works to be
viable.

Figure B-5 presents the decision-making algorithm for run of river abstraction as applied in GIS software.
1) Is the river a perennial river with a low
seasonality index?

NO

intervention. No need to evaluate the rest
of the criteria.

YES
2) Does the river have a low fraction of silt
content?

Run of river abstraction is not a possible

NO

YES
3) Is the water available sufficient to supply at
least 60 % of the demand?

NO

YES
Possible Intervention
Figure B-5: Workflow diagram of run of river abstraction
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Seawater desalination
The technical criteria for seawater desalination to be a feasible intervention are as follows:
•

the distance between the ocean and the demand area (towns) should be less than 20 km (20km
was selected as this is regarded as a viable distance with regards to costing i.e. it would be too
expensive to build pipelines that are longer that 20 km);

•

the population in the demand area should be more than 2000 people to make desalination a cost
effective;

•

a human development index or urban extent indicative of the capacity for high energy utilisation;
and

•

the desalination plant should at least be 30km away from marine protected areas.

Figure B-6 presents the decision-making algorithm for desalination as applied in GIS software.
1) Is the distance from the coast to the town less
than 20 km?

NO

Desalination is not a possible
intervention. No need to evaluate the rest
of the criteria.

YES

2) Does the demand area have a population of at
least 2000 people?

NO

YES
3) Is the urban extent 25% or more? Does the
human development index suggest sufficient
capacity for high energy utilization?

NO

YES
4) Is there a buffer from the town to marine
protected areas?
Spec: 30km -50km

NO

Possible Intervention
Figure B-6: Workflow diagram for desalination

Water Reclamation and Reuse
The technical criteria for water reclamation and reuse to be a feasible intervention are as follows:
•

possible indication of existing water treatment networks, urban areas of at least 25% coverage of
an area; and

•

a human development index or urban extent indicative of the capacity for high energy utilization.

Figure B-7 presents the decision-making algorithm for water reclamation and reuse as applied in GIS
software.
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1) Is the area classified as urban area, indicating
possibility of existing water treatment plants?

NO

Water Reclamation and Reuse is not a
possible intervention. No need to
evaluate the rest of the criteria.

YES
3) Does the human development index indicate
capacity for high energy utilization?

NO

YES
Possible Intervention
Figure B-7: Workflow diagram for water reclamation and reuse

Managed Aquifer Recharge (MAR)
The technical criteria for MAR to be a feasible intervention are as follows:
•

an adequate aquifer permeability of either A1, A2, B1, B2, C1 or C2;

•

adequate recharge potential of the aquifer should be at least a Class 5; and

•

sufficient source water from rainfall and/or river discharge, with periods of high flow or rainfall for
significant recharge events.

Figure B-8 presents the decision-making algorithm for MAR as applied in GIS software.
1) Is the aquifer permeability adequate?
Spec: Aquifer permeability of A1, A2, B1, B2, C1
or C2

NO

Managed Aquifer Recharge is not a
possible intervention. No need to
evaluate the rest of the criteria.

YES
2) Is the groundwater recharge potential
adequate?
Spec: Recharge potential of Class 5

NO

YES
3) Is there sufficient source water to use as
aquifer recharge? Coefficient of variation of
rainfall and discharge

NO

Spec: for at least 3 months there is more than 1.5
times the water available.
YES
Possible Intervention
Figure B-8: Workflow diagram for managed aquifer recharge
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Groundwater Reuse and Recycling
The technical criteria for groundwater reuse and recycling to be a feasible intervention are as follows:
•

the availability of a water treatment system; and

•

the possibility of performing managed aquifer recharge.

Figure B-9 presents the decision-making algorithm for groundwater reuse and recycling as applied in GIS
software.
1) Are there facilities for water reclamation and
reuse?
Spec: Is water reclamation and reuse a possible
intervention?

NO

Groundwater Reuse and Reclamation is
not a possible intervention. No need to
evaluate the rest of the criteria.

YES
2) Is managed aquifer recharge a possible
intervention?

NO

YES
Possible Intervention
Figure B-9: Workflow diagram for groundwater reuse and recycling

New Boreholes
The technical criteria for new boreholes and recycling to be a feasible intervention are as follows:
•

adequate aquifer permeability specified as A1, A2,B1, B2, C1, C2 or D1; and

•

an area of limited groundwater development where possible new boreholes are required.

Figure B-10 presents the decision-making algorithm for new boreholes as applied in GIS software.
1) Is the aquifer permeability adequate?
Spec: Aquifer permeability of A1, A2, B1, B2, C1,
C2 or D1

YES
2) Is it an area of limited groundwater
development?

NO

Drilling of new boreholes is not a possible
intervention. No need to evaluate the rest
of the criteria.

NO

YES
Possible Intervention
Figure B-10: Workflow diagram for new boreholes

Conjunctive Use
The technical criteria for conjunctive use to be a feasible intervention are as follows:
•

a possible surface water intervention and a possible groundwater intervention;

•

a possible groundwater intervention and/or desalination or reuse; and

•

high seasonality of surface water creating the need for other interventions in drier periods as well
as providing recharge in wetter periods.

Figure B-11 presents the decision-making algorithm for conjunctive as applied in GIS software.
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1) Does the area have at least one possible
surface water intervention?

NO

Conjunctive use is not a possible
intervention. No need to evaluate the rest
of the criteria.

YES
2) Does the area have at least one possible
groundwater intervention or desalination or
reuse intervention?

NO

YES
3) Is the surface water availability highly
seasonal?

NO

YES
Possible Intervention
Figure B-11: Workflow diagram for conjunctive use
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APPENDIX C
The survey for the interventions is presented below:
REQUEST FOR INFORMATION
Please complete the questionnaire below, considering the hotspots that are in your country. Please try and
complete as many questions as you can, noting that the questions run over 4 pages, for 10 interventions.
Please leave questions blank if you are uncertain.
1. SAND DAMS
Are sand dams being implemented in your country
☐ YES

(currently and in the past):

☐ NO

For existing sand dams in your country,
1. what was the typical range of construction costs?

__________ USD to __________ USD

2. what are typical capacities?

__________ m3 to __________ m3

3. what population size is typically served?

__________ people

2. RAINWATER HARVESTING
Is rainwater harvesting being implemented in your country
☐ YES

(currently and in the past):

☐ NO

For rainwater water harvesting in your country, on average,
1. what would it cost to construct 1 rainwater tank

__________ USD

2. what would this tank’s capacity be?

__________ Litres

3. STORMWATER HARVESTING
Is stormwater harvesting being implemented in your
country (currently and in the past):
1. With reference to the map indicating the hotspots,
for

the

hotspots

in

your

country

are there areas with existing drainage systems (for

☐ YES

☐ NO

☐ YES

☐ NO

Hotspot name/s if applicable:

example; impermeable road surfaces, cross fall,

________________

culverts, drains, attenuation ponds)? Check the

________________

appropriate box and provide the specific hotspot name

________________

where appropriate.
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2. Does your country have the technical and

☐ YES

☒ NO

institutional capacity to implement stormwater
harvesting? Check the appropriate box
3. Please elaborate

__________________________________

________________________________________________________________________________
4. SURFACE WATER RESERVOIRS/DAMS
Are surface water reservoirs/dams being implemented in
your country (currently and in the past):

☐ YES

☐ NO

For a typical small dam/reservoir in your country,
1. what would it cost to construct?

__________ USD

2. what would its capacity be?

__________ m3

3. what population size would it serve?

__________ people

5. RUN OF RIVER ABSTRACTION
Is run of river abstractions being implemented in your
country (currently and in the past):

☐ YES

☐ NO

For a typical run of river abstraction (abstraction weir, pump and a pipeline) used for water supply (not
for hydropower),
1. what would it cost to construct?

__________ USD

2. what would its capacity be?

__________ m3/s

3. what population size would it serve?

__________ people

6. DESALINATION
Is desalination being implemented in your country
☐ YES

☐ NO

1. Does your country have a coastline?

☐ YES

☐ NO

2. If yes, does your country have the technical and

☐ YES

☐ NO

(currently and in the past):

institutional capacity to implement desalination?
3. Please elaborate

__________________________________

________________________________________________________________________________
7. WATER RECLAMATION AND REUSE
Is water reclamation and reuse being implemented in your
country (currently and in the past):
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1. With reference to the map indicating the hotspots,
for

the

hotspots

in

your

country

are there areas with centralised, biological /

☐ YES

☐ NO

Hotspot name/s if applicable:

chemical wastewater treatment plants? Check the

________________

appropriate box and provide the specific hotspot name

________________

where appropriate.

________________

2. Does your country have the technical and
institutional

capacity

to

implement

☐ YES

☐ NO

water

reclamation and reuse?
3. Please elaborate

__________________________________

________________________________________________________________________________
8. MANAGED AQUIFER RECHARGE (MAR)
Is managed aquifer recharge being implemented in your
country (currently and in the past):
1. Does your country have the technical and

☐ YES

☐ NO

☐ YES

☐ NO

institutional capacity to implement MAR?
2. Please elaborate

__________________________________

________________________________________________________________________________
9. DRILLING OF NEW BOREHOLES
Is drilling of new boreholes being implemented in your
country (currently and in the past):

☐ YES

☐ NO

1. What is the unit cost of drilling and constructing a __________ USD / meter
borehole in your country?
10. CONJUNCTIVE USE
Is conjunctive use being implemented in your country
(currently and in the past):
1. Does your country currently practice conjunctive

☐ YES

☐ NO

☐ YES

☐ NO

☐ YES

☐ NO

use of surface and groundwater?
2. Does your country have the technical and
institutional capacity to implement conjunctive
use?
3. Please elaborate
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11. PREFERENCE / EASE OF IMPLEMENTATION
Kindly identify from the 10 interventions above which would be the top 3 that will receive financial
support in your country?
1.
2.
3.
________________________________________________________________________________
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APPENDIX D
Appendix D presents all the interventions that are technically feasible for each hotspot. The methodology
for this is presented in Section 3.1 of the main report.
Zone B1
The technically feasible interventions for Kinshasa are interventions that one would expect in a city,
including reclamation and reuse to the east of the city, and stormwater harvesting over most of the city.
It also shows the possibility of numerous surface water interventions such as run of river abstraction,
rainwater and stormwater harvesting, given the high surface water availability. Managed aquifer recharge
is also a possible intervention throughout the hotspot.

Figure D-1: Water supply interventions that are technically possible in Zone B1

Zone B2
Zone B2 at the confluence between the DRC, Tanzania and Kenya has a varying hydrological and urban
profile. As such, the zone shows a range of technically possible interventions. Run of river abstraction and
dams are concentrated around Lake Tanganyika. Rainwater harvesting is technically possible at Bukavu,
and around Kasulu and Kigoma. Reclamation and reuse are technically possible at Kigoma, and MAR on
the banks of Lake Tanganyika. New boreholes could possibly supply domestic water in Kigoma, Uvinza,
Nguruka and east of Kiberie.
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Figure D-2: Water supply interventions that are technically possible in Zone B2

Zone B3
Run of river abstraction and sand dams are technically feasible in the southern parts of the Zone B3,
situated in Tanzania. Rainwater harvesting could augment water supply around Moshi, Marangu and
Mwanga. The area below Mt Kilimanjaro could possibly use reclamation and reuse for both surface and
groundwater. MAR could be done in in the areas below Mt Kilimanjaro in Tanzania, Ngorongo, Mugumu,
Mara River, and new boreholes could possibly be drilled west of Mugumu, Loliondo, east and west of
Longido, Arusha, Mbuguni, Moshi and Magugu.
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Figure D-3: Water supply interventions that are technically possible in Zone B3

Zone B4
Given its urban setting, numerous water supply interventions are technically possible in the area of Dar es
Salaam, including rainwater harvesting, reclamation and reuse, MAR, stormwater harvesting and the
drilling of new boreholes.

Figure D-4: Water supply interventions that are technically possible in Zone B4

Zone B5
Zone B5 shows a sparser scattering of possible interventions in comparison to the other hotspots in
Group 1. Dams and run of river abstractions might be possible in parts of the hotspot, MAR could possibly
be implemented in parts of the Sagara Mountains, and new boreholes in Dodoma, Mpwapwa, Kongwa
and other scattered areas.
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Figure D-5: Water supply interventions that are technically possible in Zone B5

Zones B6, B7 and B8
Most of the interventions are technically possible across Malawi. Stormwater harvesting could be possible
in Lilongwe and the northern parts. Reclamation and reuse are plotted south of Mlange Mountains and
north of Nisanje along Shire River. Groundwater recycling and reuse could occur at the banks of Malosa
River on the Mozambique side of Malawi, and around Lusaka. New boreholes could possibly be drilled
along the Shire River, around Chikwawa, east of Mwanza, south of lake Chilwa, Lucherza, Milange and east
of Lake Malombe.
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Figure D-6: Water supply interventions that are technically possible in Zones B6, B7 and B8

Zone B9 and B10
Sand dams, dams and run of river abstraction are technically feasible in the central part of B9, however
these interventions would likely not be possible in Zone B10. Rainwater harvesting, and reclamation and
reuse are centred around Lusaka. Stormwater harvesting could be implemented around Lusaka, and in
scattered areas in Zimbabwe, including Glendale, Concession and Chimimba. MAR could be implemented
across most of both hotspots, particularly to the north of Zambia, and around Glendale, Concession and
Chimimba in Zimbabwe. New boreholes could be drilled around Lusaka, Nyamba and the headwaters of
Kariba, and in Glendale, Bindura, Rafingora, Chinhoyi and Mhangura in Zimbabwe.
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Figure D-7Water supply interventions that are technically possible in Zones B9 and B10

Zone B11 and B12
Some surface water interventions (sand dams, dams and run of river abstraction) would be technically
possible in Zones B11 and B12, while stormwater harvesting could technically be possible across much of
the area. MAR as an intervention is found east of the Mozambique/Zimbabwe border, and around the
Soutpansberg Mountains. The opportunity for new boreholes is scattered around Zimbabwe, particularly
near the Limpopo River.

Figure D-8: Water supply interventions that are technically possible in Zones B11 and B12
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Zone B13
Run of river abstraction and dam/reservoirs are technically feasible in the south eastern part of Zone B13.
Most of the west of the hotspot in Eswatini, as well as parts of Maputo, could technically support
stormwater harvesting. MAR and the drilling of new boreholes are technically feasible across most of the
hotspot, in both Eswatini and Mozambique.

Figure D-9: Water supply interventions that are technically possible in Zone B13

Zone B14
Stormwater and rainwater harvesting are technically feasible across much of the Zone B14, particularly
around Johannesburg and Pretoria. Similarly, other interventions typical of urban areas are also feasible
around the area of Johannesburg and Pretoria, such as reclamation and reuse. Drilling of new boreholes is
technically feasible in most of the urban areas, with MAR showing a possibility along the Crocodile River,
west of Hex river, and south of Alberton. The hotspot shows little potential for the feasibility of standalone
dams and run of river abstraction, but the high seasonality of the surface water means that Zone B14 is
one of the few that could feasibly support conjunctive use.
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Figure D-10: Water supply interventions that are technically possible in Zone B14

Zone B15
Run of river abstraction and dam/reservoirs are technically feasible in the south eastern part of Zone B13.
Most of the west of the hotspot in Eswatini, as well as parts of Maputo, could technically support
stormwater harvesting. MAR and the drilling of new boreholes are technically feasible across most of the
hotspot, in both Eswatini and Mozambique.
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Figure D-11: Water supply interventions that are technically possible in Zone B15

Zone B16
Zone B16 indicates part of the west coast of South Africa. The main intervention that is technically feasible
is the development of new boreholes as well as possible rainwater harvesting and stormwater harvesting
in the high-density areas.
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Figure D-12: Water supply interventions that are technically possible in Zone B16

Zone B17
Zone B17 is located around the populated areas in Namibia’s coastal zone. Here, population density is
slightly higher than in the rest of the region, with communities in and around Walvis Bay, Swakopmund
and Henties Bay being especially affected by critical surface and groundwater drought risks. With much of
the moisture that the area receives being in the form of coastal mist, the opportunity for surface water
capture from, for example rainwater harvesting, is relatively low.
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Figure D-13: Water supply interventions that are technically possible in Zone B17

Zone B18
Zone B18 is located in the south-west corner of Angola, where weather, climate and soil conditions are
fairly similar as it is in the west coast of Namibia. There are areas in the east of the zone where MAR is a
technically feasible intervention, there is only one grid cell in the north of Namibia (south of the hotspot)
which indicates new borehole development as technically feasible. In the south of the zone lies the Cunene
river where possible run of river abstraction is feasible and some grid cells indicate the possibility of dams.
However, the distance from the Cunene River to the high-density areas in Tombua and Namibe would not
make dams economically viable. A dam might only be considered for Oncocua. Desalination as well as
possible stormwater harvesting is indicated to the north of Namibe.
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Figure D-14: Water supply interventions that are technically possible in Zone B18

Zone B19
A number of interventions are technically viable within zone B19. Managed Aquifer Recharge and
proposed new boreholes are technically feasible within the north east of the hotspot, while surface water
interventions such as rainwater harvesting and stormwater harvesting as well as run of river abstraction is
technically feasible within and around Luanda. There are gridcells in the north of the hotspot indicating
the feasibility of desalination. Within the urban area of Luanda, there might be water treatment works
which can be used for water reclamation and groundwater recycling and reuse. With a vast suite of
interventions being technically feasible, there are also grid cells indicative of conjunctive use intervention.
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Figure D-15: Water supply interventions that are technically possible in Zone B19

Zone B20
There are two zones in Madagascar: Zones 20 and 21. In Zone B20 (around Toliara) it is technically feasible
to develop a water reclamation and reuse plant. Furthermore, in the areas around Toliara, rainwater
harvesting as well as stormwater harvesting is also a potential intervention. There are some areas to the
North of Toliara where it is technically feasible to implement MAR.
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Figure D-16: Water supply interventions that are technically possible in Zone B20

Zone B21
Zone B21 (around Antananarivo) includes grid cells where new boreholes are technically feasible as well
as MAR schemes. Small sand dams are also technically viable options to the east of Antananarivo as well
as in the North-West of Zone B21. There are also areas in Antananarivo where the technical criteria to
implement rainwater harvesting and stormwater harvesting are satisfied. Rainwater and stormwater can
be used for MAR. There is also an area where water reclamation and reuse as well as groundwater recycling
and reuse is technically feasible
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Figure D-17: Water supply interventions that are technically possible in Zone B21

Zone B22, B23 and B24
Zones 22, 23 and 24 are areas in the Comoros where rainwater harvesting, and stormwater harvesting are
the main intervention within the high density areas in the grid cells. A small desalination plant is technically
feasible to the South East of Moroni, with a population above 2 000 people and with no highly endangered
marine protected areas within 20km of that grid cell.

Figure D-18: Water supply interventions that are technically possible in Zones B22, B23 and B24
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Zone B25
There is only one hotspot in Mauritius: Zone B25, which is located around the capital city, Port Louis. One
gridcell to the east of Port Louis is technically feasible for a small-scale desalination plant, with the nearest
marine protected areas being between 30 km and 50 km from that grid cell. There are already some
existing dams within Mauritius and it is technically feasible to develop another dam within the grid cells
bordering Port Louis. Furthermore, run of river abstraction as well as stormwater harvesting and rainwater
harvesting are technically viable in high-density areas within the grid cells.

Figure D-19: Water supply interventions that are technically possible in Zone B25

Zone B26
Much of the small islands of the Seychelles is proclaimed as natural park areas. The only two technically
possible interventions include rainwater harvesting as well as possible stormwater harvesting in highdensity areas. However, the road density and possible existing drainage networks is not known and will
have to be further investigated.

GMI-GDRI: Domestic Water Supply Interventions Report

Final Draft 144

Figure D-20: Water supply interventions that are technically possible in Zone B26
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