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Figure 1. Above: Location of Addis Ababa and Dar es Salaam.
Left: Aerial photos of Addis Ababa (top) and Dar es Salaam
(bottom). The width of the images equals a distance of approximately 35 km. Source: Google Earth.

Introduction

Addis Ababa is the capital city of Ethiopia. It is located around 9o00’N and 38o45’E and at altitude 21002600m. The topography is characterised by mountains
and steep slopes to the north and flat plains to the
south. The city rests on a landscape of volcanic rocks
such as basalt with vertisol clay soils. The average temperature is around 18oC year round with slightly lower
peak temperatures in July and August. Addis Ababa
has a short rainy season from March to May, a long
rainy season from June to September, and a dry season
from October to February. Average annual precipitation
is around 1200mm. July and August are the wettest
months with approximately half of the annual precipitation. Current climate change projections indicate
an increase in annual precipitation by approximately
10% by 2100 and an increase in 5-day peak rain by
up to 30% by 2100 (1, 2). Addis Ababa has an annual
population growth rate of 2-3% and the population is
expected to grow from 3.2 million in 2015 to 5.9 million
in 2030 (3).

Dar es Salaam is the largest city in Tanzania. It is located around 6o50’S and 39o15’E at altitude 0-200m.
Located by the coast where several rivers discharge
into the sea, the topography is relatively flat with undulating hills rising to the west. Soils are predominantly
sandy with clay-bound sands and gravel as well as areas
with limestone. The average temperature is around
25oC year round, slightly cooler from July to September.
Dar es Salaam has a ‘short rain’ season between October and December and a ‘long rain’ season between
March and May. Average annual precipitation is around
1200mm. April is the wettest month with close to 30%
of the annual precipitation. Current climate change
projections indicate close to no change in annual precipitation by 2100 and an increase in 5-day peak rain by
up to 20% by 2100 (1,2). Dar es Salaam has an annual
population growth rate of 5% and the population is expected to grow from 5.1 million in 2015 to 10.8 million
in 2030 (3).

The rapid urban population growth expected to occur
over the coming decades and the associated increase in
the impervious surface cover will challenge the urban
water system in the two cities. Specific challenges
relate to water supply, urban drainage, flood mitigation
and wastewater management.
This report will introduce the current urban water systems in Addis Ababa and Dar es Salaam as a baseline
to analyse, discuss and propose future approaches to
urban water management in these two cities.
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Figure 2. Graphs of past and projected future
population in Addis Ababa and Dar es Salaam
from 2000-2030. Source: (3).
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Figure 3. Monthly average precipitation and
monthly average maximum and minimum
temperatures in Addis Ababa and Dar es Sa0
laam. Source: (8), (9).
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Methodology

The report is based on multiple data sources and meth- istry of Water, Dar es Salaam.
ods including stakeholder interviews, literature reviews,
field observations, GIS mapping and data analyses.
Households in all the case sites have been interviewed
on their daily management of water.
Case study design
The project adopts an embedded case study approach. Literature review
Addis Ababa and Dar es Salaam are contrasting cities
Literature is drawn from a broad range of sources
in terms of culture, governance, climate and topograh- including international peer-revieweed journals, acapy, but share water related challenges such as water
demic conference papers, reports published by intersupply deficits, flood risks and rapid urban land use
national agencies such as the United Nations and The
change. One specific river catchment is selected in each World Bank, national and local government reports,
of the two cities to facilitate narrower, but more ininternational and local PhD theses and Master theses
depth analyses of a specific situation. The catchments
as well as websites of public and private sector stakeare selected to cover both upstream and downstream
holders, local and internaional meteorology offices,
condition and to serve as pilots for other river catchNGO’s, newspapers et cetera.
ments in the two cities.
In addition, this report builds on draft documents
developed by PhD students, researchers and professors
Interviews
involved with the Water Resilient Green Cities in Africa
The main stakeholders in relation to water manage(WGA) research project during 2013 and 2014. These
ment (water supply, drainage, sewerage, housing etc.)
documents include draft PhD thesis proposals, internal
were interviewed in both cities in June 2014. The inter- seminar and conference presentations as well as guest
viewees are listed below:
presentations by invited speakers from key agencies in
Asnake Berhane, AAWSA -Sewerage project office,
Addis Ababa and Dar es Salaam.
Addis Ababa
Alemayohu Tadesse, AAWSA -Water Supply project
Field observations
office, Addis Ababa
The case sites were visited by the authors of this report
Mulugeta Abshan, Addis Ababa City Road Administrain January and June 2014.
tion, Addis Ababa
Ishmael Kakwezi, DAWASA, Dar es Salaam
GIS
Engineer Mary, Director for Urban Water Supply, MinDigital elevation models based on LANDSAT data from

2011 ???? in scale 30mx30m??? are used to delineatre
catchments, estimate runoff paths and to identify sites
at risk of floding (ie. ‘blue spots’).
Material flow analysis
Data from the literature has be compared, assessed
and balanced. Data regarding water volumes, connection rates, leakage, and sanitation have been used to
assess the flow of water in the two cities.

Water flow analysis, Addis Ababa
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Figure 4. Water flow analysis in Addis Ababa. Data based on a review of academic papers and industry reports.
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Addis Ababa

Water supply
The Addis Ababa Water Supply and Sewerage Authority (AAWSA) (10), a local government institution
under Addis Ababa Municipality, is the sole provider
and administrator of the water supply system in Addis
Ababa. Around 60% of the current water supply derives
from surface water reservoirs located outside of the
city. Up to 35% of the water supply comes from public
boreholes in the southern part of Addis Ababa. The remainder is supplied by smaller public and private wells
located throughout the city. Public water is supplied
on a shift basis, predominantly as yard connections.
Most areas in the city have daily supply, but some areas
are only supplied intermittently. Approximately 1/3
of the total water yield is unaccounted for water due
to leakage and loss in the distribution system or as a
result of unmetered connections (11). Water demand is
increasing due to population growth and higher water
consumption rates per capita. The total water production has doubled since 2002, largely because of a
massive increase in the extraction of groundwater. Still,
a shortfall of 700,000 m3/d is likely by 2030 if water
supply remains the same as today. Plans have been
initiated to build new water reservoirs to meet the future demand. The Gerbi Dam is an important first step.
As per December 2014 no contract has been signed to
commence work on the dam (10).

Drainage
Addis Ababa is located in the upper part of the Awash
River basin and divided in to two major sub-watersheds. Kebena, Little Akaki and Big Akaki are the three
major rivers that flow through the city from north to
south. River water suffers from pollution and is used
for irrigation purposes downstream in the river basin.
Addis Ababa has only few formal drainage systems
installed. Most stormwater runs off on the surface by
gravity to low-lying areas and into streams and rivers.
The sole formal provider of urban drainage infrastructure is the Addis Ababa City Roads Authority (AACRA)
(12). Urban drainage is a requirement in the design
and construction of roads. Hence roadside ditches or
underground concrete pipes are implemented along
main roads. ACCRA has no responsibility regarding
maintenance, discharge rates or the quality of surface runoff. The larger hydrological catchment is less
emphasised in the design of roadside drains. Surface
sealing resulting from urbanisation generates more
surface runoff, which increases river flow rates, the risk
of erosion along waterways and the risk of flooding
downstream in the river basin. Training walls are being
built to reduce local erosion, yet the channelization of
waterways and the filling up of wetlands exaggerate
the downstream flood risk. With a current built up area
of approximately 290 km2, the stormwater volume is
estimated to be in the range of 350 million m3 per year.
This stormwater could potentially be utilised as part of
the city’s future water supply.

Sanitation
AAWSA is responsible for wastewater management in
Addis Ababa. Approximately 7% of the urban dwellings
are connected to the sewer system and a centralised
wastewater treatment plant. 80% have private or
shared onsite disposal facilities such as pit latrines or
septic tanks with seepage or overflow into waterways.
About a third of the onsite systems have regular sludge
collection. The remaining households have no sanitation facilities (13). Some of these use open defecation.
Much of the domestic and industrial wastewater is discharged directly into rivers and storm drains. Pretreatment of industrial waste is not practiced by most of the
factories in the city. Current wastewater production is
estimated to be in the range of 200,000 m3/d. The current wastewater treatment capacity is around 22,000
m3 per day, though the actual treatment volume is
probably closer to 15,000 m3/d or less (13). Wastewater and sludge is treated at one centralised wastewater
treatment plant and at three decentralised wastewater
treatment plants serving newly constructed condominium houses. The centralised wastewater treatment
plant is designed to treat wastewater from 200,000
people, but only receives wastewater from 40,000
people. The main reason is low sewer connection rates.
The wastewater treatment capacity is planned to be increased to 280,000 m3/d in the future. The new 20,000
m3/d Chefe wastewater treatment plant is currently
under construction (13).

Flooding
Flooding is prevalent in Addis Ababa because of the
topography with steep mountains and low-lying flood
plains and the heavy rainfall that occurs in July and August. The flood risk is exacerbated by uphill deforestation, urban land use change with increased impervious
surface cover and the scarcity and clogging of formal
drainage systems in the city. Stormwater flash floods
and river flooding are the most predominant types of
flooding, but flooding also occurs when excess water
is released from reservoirs into the city’s rivers and
when the groundwater level is high after prolonged
periods of rain. Nearly 10% of Addis Ababa is built on
flood plains (14). Encroachment on flood plains, channelization of rivers, sedimentation, and the leveling of
slopes alongside watercourses continuously increase
the risk of local and downstream flooding and erosion.
Residents of informal settlements inhabit river banks
and steep slopes, putting themselves at risk from flash
floods and landslides. With population growth, the risk
of property loss, health impacts and deaths resulting
from flooding will increase if urban development and
faulty construction methods continue on marginal
lands. Current efforts to mitigate flooding include flood
control terraces and dams, reforestation, physical soil
conservation measures, the provision of drainage ditches and embankment along the rivers or streams.
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Water flow analysis, Dar es Salaam
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Figure 7. Water flow analysis in Dar es Salaam. Data based on a review of academic papers and industry reports.
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Dar es Salaam

Water supply
The Dar es Salaam Water and Sewerage Corporation
(DAWASCO) is responsible for the management, operation and maintenance of water supply services in
Dar es Salaam. The Dar es Salaam Water and Sewerage Authority (DAWASA) is a semi-independent public
entity owning the infrastructure. A little more than half
of the current water supply in Dar es Salaam derives
from rivers located outside the city. 40% comes from
private and public boreholes in the city. The remainder
is from other sources such as wells, bottled water and
harvested stormwater. Most water is supplied at the
neighbourhood level, as yard connections or sold from
kiosks and vendors. Approximately 30% of the total water yield is unaccounted for due to loss in the distribution system or as a result of unmetered connections. In
the past, unaccounted for water has been estimated to
be as high as 75%. There are incidents of groundwater
contamination and saltwater intrusion in coastal aquifers (4). Water demand is increasing due to population
growth. DAWASA expects a shortfall of 700,000 m3/d by
2030 if water supply remains the same as today. Plans
have been initiated to triple the annual water yield by
building new reservoirs and by increasing groundwater abstraction (15). The Kidunda Dam is an important
first step. As per December 2014 the project has been
stalled (16).

Drainage
Dar es Salaam is a coastal city located by the mouth of
several rivers. Msimbazi, Mzinga and Kizinga are the
three major rivers flowing through the city from west
to east. Stormwater runs off on the surface by gravity to low-lying areas and into streams and rivers that
serve as natural outfalls for the city. Some districts in
the city are served by piped drainage systems, open
channels and unlined open channels, but most areas
of Dar es Salaam have no proper drainage system.
There is no centralized agency responsible for urban
drainage in Dar es Salaam. The Tanzanian Road Agency
is responsible for all major roads infrastructure in the
city including the construction of roadside drains. The
operation and maintenance of urban drainage facilities is under the auspices of the municipal engineer,
but suffers from limited funding. Many of the existing
drains are ageing and lack regular maintenance. Siltation, crude dumping of refuse, poor construction and
structural collapse have deteriorated drain functionality. This causes local flooding, creates overflows from
the limited sewage network and increases the need
for insecticides to control waterborne diseases such as
malaria (7). Urban land use change, urban construction
and earth works have led to increased sedimentation
and sand mining along waterways. With a current built
up area of approximately 610 km2, the stormwater
volume is expected to be in the range of 740 million m3
per year. This stormwater could potentially be utilised
as part of the city’s future water supply.

Sanitation
DAWASCO and DAWASA are responsible for wastewater
management and infrastructure in Dar es Salaam. Approximately 5% of the population is connected to the
sewer system and a centralised wastewater treatment
plant. Another 5% of the households have septic tanks
with seepage systems. Between 80% and 90% of the
population uses private or shared pit latrines. A smaller
proportion of the population have no sanitation facilities. It is estimated that 70-80% of the population lives
in unplanned settlements which limits services such as
vacuum truck access. Much of the domestic and industrial wastewater is discharged directly into rivers and
storm drains. The majority of pit latrines are emptied
during the wet season when they are full because of
the rising water table. Recent studies of pollution levels
in rivers in Dar es Salaam city have revealed high concentrations of heavy metals, pesticides and hydrocarbons. Current wastewater production is estimated to
be in the range of 260,000 m3/d. The current wastewater treatment capacity is approximately 38,000 m3/d,
but the actual treatment volume is expected to be only
half of that volume. As of December 2014 there are no
specific plans to increase wastewater treatment in Dar
es Salaam (15,16).

Flooding
Dar es Salaam experiences three types of flooding,
namely the coastal flooding, river flooding and stormwater flash floods. River flooding is particularly during the rainy season with prolonged periods of rain.
Informal settlements along river banks and in flood
plains are most exposed to the impacts of these floods,
including property damage, increased health risks
and reduced accessibility. Surface sealing in the river
catchments, the refilling of wetlands for construction,
and the lowered river beds resulting from sand mining
have increased the risk of erosion and flooding along
the rivers. In addition to urbanisation, stormwater flash
flooding is a result of inadequately maintained storm
drains and poor waste disposal practices. About 25% of
the households in Dar es Salaam are reported to dump
their waste into water courses, pit latrines or other
drainage areas. Much of the existing drainage network
was designed to serve the central part of the city. Despite ongoing urban growth, this system has not been
re-designed to accommodate additional runoff. Future
climate change will lead to increased precipitation
intensity and sea level rise which will further increase
the risk of flooding in Dar es Salaam. Current efforts
to mitigate flooding include the elevation of vulnerable buildings and structures at the local level. To date,
larger scale flood mitigation measures have not been
implemented.

Figure 8. Rivers in and around Dar es
Salaam. Including the Mbezi river and its
watershed. Source: ?
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Figure 9. Future water supply and demand in Addis Ababa (left) and Dar es
Salaam (right) based on current population projections, low and high water
consumption rates (at 75 and 200 litre
per capita per day by 2030), and the
potential completion of initially planned
dam projects. Various sources.
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Figure 10 . Estimated annual precipitation over the built-up areas, estimated
annual runoff, infiltration and evapotranspiration, and the projected future
water demand by 2030 in Addis Ababa
(left) and Dar es Salaam (right). Local
stormwater harvesting within the city
boundary may potentially cover around
80% of the future water demand in Addis Ababa and up to 95% of the water
demand in Dar es Salaam.

City comparison and discussion

The two cities are different, but they also have many
similarities. The mean annual precipitation is approximately the same at 1200 mm/y. Both cities have hilly and
flat areas. They both experience water infrastructure
deficits and specific challenges in terms of the operation and maintenance of urban drainage systems. They
are both subject to significant recent and future population growth.
From the review above it becomes apparent that
solid waste management, urban drainage and flooding are interlinked. Further, solid waste, drainage and
flooding are linked to wastewater management, the
environmental impact on receiving water bodies and
the health of downstream communities. Urban population growth increases water demand, impacts the
environmental condition in other river basins (due to
the construction of dams and extraction of water) and
increases surface runoff. Encroachment on floodplains,
the filling up of wetlands and the construction of roads,
houses and industrial complexes in flood prone areas
reinforces a negative feedback process. This calls for an
integrated view on the production, distribution, use,
treatment and discharge of water and the design and
development of the cities.

The following research questions can be highlighted:
• What are the options of maintaining existing water
consumption rates or reducing the future increase in
per capita water consumption rates?

• How can the design and potential integration of
water storage, wastewater treatment, flood retarding
and water discharge facilities be envisioned and what
are the most feasible spatio-temporal design options?

• What is the potential of stormwater harvesting as a
water supply option at the household level as well as • How can the funding, operation and maintenance of
at neighbourhood level and city level, what are the
urban drainage systems be ensured in the future?
physical and biological constraints, and how can these
be mitigated?
• How should new developments be designed to reduce the risk of downstream erosion and flooding?
• What are the options for stormwater infiltration,
groundwater recharge and what is the impact on
base flow, soil moisture, the risk of landslides or the
availability and quality of water into the future?

Figure 11: Illustration of the two rivers
Jemo and Little Akaki
with the watershed
boundary and flood
prone areas (17).

Figure 12: Map showing
location of the three
identified case sites
within little Akaki River
catchment and Jemo
sub- catchment (17).

Catchment analysis, Addis Ababa

Site description (18)
As illustrated in figure 5, most of the rivers running
through Addis Ababa have comparably long flow routes
and watersheds expanding over the official city boarders. In order to investigate classic upstream, midstream
and downstream problems, such as water scarcity and
flooding, the study team identified two watershed areas, the Jemo river watershed and the Little Akaki river
watershed, where the former one is a subset of the
latter (Jemo river is one of the tributaries of Little Akaki
river), for further investigation. The area is illustrated in
figure 11.
The Little Akaki watershed (containing the Jemo river
watershed) is covering a total area of 16.890 hectares,
which is about 32% of the total area coverage of Addis
Ababa. It is located at the eastern part of the city. The
length of Little Akaki River within the city boundaries
is 30.5 km and the total length is 42.8km. Large flood
prone areas, which regularly are exposed to a long or
short duration of flooding are indicated in figure 12.
The two major wetland areas along the river are the
“Seminarium area” which is on of the chosen case
study sites and Akaki town (to the South), which serves
as a farmland to nearby farming community.
The Jemo watershed, which is the watershed mostly
investigated in this project, is part of the Little Akaki
watershed in the east of Addis Ababa in an area known
locally as “Ayer Tena” (which means “healthy air”). The
area was intensively transformed in the last two decades due to infrastructure development (mainly the
construction of the ring road connecting it to the rest
of the city), expansion of the city’s high-income housing and public housing projects and the expansion and

proliferation of informal settlements. The total watershed area covers 2559 hectares of land.
Terrain
As slope area analysis showed that the watershed contains partially very steep slopes with percentages over
15% gradient that do not allow for construction, but
have some informal occupation and might be prone
to erosion problems. Such areas cover approximately
3.2% of the area. The intermediate areas (with slope
gradients between 3-15%) cover approximately 48,6%.
Here formally built individual and public housing and
other mixed-use buildings are found. The areas with
slope gradient below 3% cover 48% of the area. These
areas are mostly found along the riverbanks and are
thus prone to flooding. Parts of this area retain a large
quantity of water for quite a long time after the end of
the rain fall period.
Soil characteristics
From preliminary assessments, the soil of Repi hill upland areas characterized by good hydraulic conductivity
with estimation ranging from 10-4m/s to 10-2 m/s. In
the lower part of the study area near to Jemo condominium and the surrounding area estimated 10-5 m/s
to 10-4 m/s (17).
Landuse
With 39% of the total watershed area, residence and
mixed residence (commerce and residence) constitutes
the largest share of the land use in the area. This can
be informal housing that is plot based and individually
owned (e.g. found on the steep slopes of the ‘Ayer

Tena’ hill) or formal housing. Formal housing can be
private developments, where the owners own houses
and open spaces, or public housing. In the later, the
apartments are private, but other spaces are communally owned. These apartment blocks are built as part
of the government’s “build and transfer housing program”.
Green areas
Green areas and open spaces (open spaces, mixed
forest, plantation and green) cover 27% of the watershed area. Green areas can e.g. be found as buffer
zone to protect the river and the surrounding hill. In
parts of the protective zone informal settlements have
resettled. With the legalization of such settlements,
the specific plots occupied by the houses have become
legal properties of the settlers. The Addis Ababa environmental protection authority owns these informal
open spaces. In the conflict between the conservation
of buffer zones for flood and erosion protection and
informal housing development, the impacts of the fast
urbanisation processes become visible. The conflict is
unsolved and new concepts are needed. Other open
spaces are private open spaces, that remained empty
after the construction of houses, and public open spaces that can be found in the condominium project areas.
These are often considerably large and are potential
areas for future intervention in the form of landscape
based storm water management and associated projects. Occupying 9% of the watershed area, Agriculture
takes a big share of the total land. While the area along
the steep sides of the mountains is mixed forest and
productive agricultural land of the nearby farming

communities, some of the open sites along the river
are used by urban residents engaged in agricultural activities. In addition to farming, a large part of the area
is a grazing land. Though the area is highly developed
and sought after by investors, the fact that a big part of
it is flat and prone to flooding has made it suitable for
agriculture and grazing. According to the previous master plan of the city, the whole downstream area where
public housing projects are located was identified and
preserved as wetland. This is also one of the main
reasons why part of the city’s water supply comes from
deep wells in this area. Though a considerable part of
this land is reclaimed for development, there are still
some areas remaining used as grazing land for cattle.
Industries
Small industries and manufacturing areas are often
found on plots within the residential area. One bigger
and specifically relevant site is the quarry site. It is
owned by the city and still operational. Its proximity
to the river makes it one of the major contributors to
flooding in the area as the remains are easily washed
by the rain and carried to the river. Yet its future rehabilitation would provide a good opportunity for landscape based storm water management .
Roads
The total area covered by road is 479 hectares or 17%
of the water shed area. While most of the cobble
stone, gravel and dust roads are in the area identified
as informal settlements, the asphalt roads dominate
the formally built residential areas and major arterials
and ring roads that pass through the area.

Case study sites , Addis Ababa

Figure 13: Pictures from the left: Informal settlements close to the quarry on the food of Reppi hill- houses elevated for flood protection. Agricultural community on Reppi hill. Water transport from the main road in 2km distance. Small water harvesting facitity at farmers house.

Up-stream – Reppi
Reppi is an informal area, located on the Repi hill. The
area used to be mainly agricultural, but due to recent
fast urbanization processes, farmland is decreasing. Besides the old agricultural community, the area
inhabits a diverse group of migrant workers from the
countryside. A big quarry is located on the slopes of
the hill. In the rainy season, sand is eroded and causes
problems downstream.
The community formerly used the Jemo River as drinking water resource, which today is too polluted. A local
spring as alternative source dried out, which according
to the inhabitants is due to the nearby quarry using
much water. Different erratically working communal
taps supply the case site . In the dry season there can

be water scarcity for longer periods. As alternatives,
community groups have dug new boreholes. The water
quality from those is questioned by some locals, as
there is a high incidence level of waterborne diseases.
Thus, most people buy water from venders by the
main road (1-2 km away). During the rainy season roof
-runoff is collected for supply purposes. As storages
facilities are limited, this natural water source is highly
underused.
10% of the households have septic tanks where the
rest rely on pit latrines, emptied into the environment.
During the rainy season, the lower parts of the area
suffer from flooding, caused by the partially un-vegetated steep slopes. Local coping measures (dikes,
ditches, elevated ground floors) are taken individually.

Main problems
- Water shortage (even though a diversity in sources!)
- Flooding problems in lower parts of area
Possible research questions/ intervention strategies:
- Advantages / disadvantages of the different water
supply systems
- How to increase stormwater harvesting as a resource?
- Finding (community based) solutions against erosion
and flooding

Case study sites , Addis Ababa

Figure 14: Pictures from the left: Backyard in the Jemo condominium site. Cobbelstone road and waste collection site in the condominium area. Open storm drain along a cobblestone
road in the Jemo condominium site.

Mid-stream - Jemo Condominium site
The Jemo Condominium site is a large new development of 4 story blocks. The Jemo 1 site (one out of
three in the area) is consisting of 12 blocks with 10,064
condominium units (19). The area is still under development and close by informal settlements are likely to
be converted to condominium sites as well. Each flat
has an individual tap and a flush toilet. The tap water
supply is erratic, with supply pauses of up to 10 days in
the dry season. An alternative supply source is an alternative fresh water pipe from a nearby factory.
The water pressure in the pipes is too low for it to
reach the upper levels of the condominiums. Due to a
poorly build pipe system, it is not possible to increase
the pressure in the system (13).

Initiatives from the local development committee for
extra pumps have been unsuccessful. Many inhabitants
re-use grey water for toilet flushing in order to minimize odor problems from the flush toilets.
Rainwater harvesting is not common in the area, as
downpipes may not be altered and the house constructions can not carry the extra weight of tanks. However,
some individuals have water harvesting facilities.

Main problems:
- Water supply shortage
- Increased water demand due to flush toilet system
- Poor condominium construction (no higher pressure,
no storage tanks on upstairs floors)
- Building and behavior regulations that prohibit small
private interventions (such as rainwater harvesting)
Possible research questions/ intervention strategies:
- Possibilities for stormwater harvesting and storage on
community base
- Alternative toilet solutions?

Case study sites , Addis Ababa

Figure 15: Pictures from the left: Dike towards the Little Akaki river on the seminarium site. Agigultural land on the other side of the Little Akaki river.

Down-stream – Seminarium Mekanissa
The Seminarium is one of the oldest and biggest boarding schools in Ethiopia, training students in theology
and related issues. The total area occupied is about 16
hectares out of which a considerable part is open green
area. The seminarium is supplied by a municipal tap as
well as their own borehole with doubtful water quality.
(They are part of an ongoing initiative by an American
NGO “Healing water action”). Septic tanks on the site
collect wastewater and discharge it to the river. Under
high water level in the river, the flow in the system is
reversed (non-return valves are dysfunctional) flooding and polluting the area. The school has in the past
suffered seriously from river flooding and school authorities are still struggling to overcome this problem.
For flood protection, high dikes have gradually been
built along the river and trees have been planted. Some
houses in particular flood prone sites have been removed, others are only used during the dry season or
are currently renovated with a ground floor prepared
for regular flooding.
To the other side of the Little Akaki river at Mekanissa

an argicultural cooperative with approximately 300
members is located. The area produces different types
of vegetables that are sold in the nearest markets for
the nearby communities.
Though essential for the livelihood of the producers in
the area, the Little Akaki river is one of the most polluted rivers in the city. There is no communal tap in
the area and due to lack of resources, no community
borehole. “Legal” houses with a land deed have the
right to an individual tap and sell water to the other
community members.
Rainwater is partially harvested but due to insufficient
storage capacity the water volumes gained are limited.
Flood mitigation is done by tree plantings, construction
of smaller dikes and regular maintenance of irrigation
channels. However, the high dikes on the seminarium
grounds on the other side of the river cause a high level
of erosion as well as a significant increase in flooding.
Production close to the river course has therefore been
stopped. The problem with flooding has also increased
due to siltation of the river that clogs up a nearby
bridge passage.

Main problems
Seminarium:
- flooding from the river (through the own pipe/ system, as non-return valves do not work properly)
- water quality in drinking water
Agricultural cooperative:
- flooding and erosion from the river
- bad water quality in the river
- siltation
Possible research questions/ intervention strategies:
- Would a “living with the flood” strategy on the seminarium site help the neighbour community and reduce
their flooding problems? How could such a strategy
look like? What are alternatives (E.g. handling of
sewage on the site = no disposal pipes to the river that
cause flooding through back flow?)

Figure 16 : Mbezi catchment map.
Maybe we could do it
similar to figure 12 ?
Showing the site areas
and maybe the military
compound ?

Catchment analysis, Dar es Salaam

Mbezi catchment (20)
The Mbezi river catchment was selected as case site
for Dar es Salam. Typical for the whole catchment is a
shortage in water supply, as well as erosion problems
along the river course and downstream flooding.
In total the area measures 3649 hectares. The river
stretches about …km.
The overall physical characteristics of the case study
area vary remarkably. The upstream area comprises
broken topography with several valleys and plateaus,
with a gradient of between 7.7 and 9.7 %. Valleys are
key features in the case study area. In some areas,
Mbezi valley is as wide as 75 meters; this depends
on the slope and soil characteristics. In other sites it
is narrow only, around 35 meters. Parts of the valley
have been encroached upon by informal home builders, while other parts are used as solid waste dumping
areas.
Due to unregulated house construction activities, most
of the inhabited land upstream has been transformed,
with several housing clusters built very close to the
stream. However, further downstream, moderate gradients and relatively fewer houses area noted especially
close to valleys. An area measuring 379 ha which lies
in between the upstream and the downstream has
a gradient of around 5 %. Sections of the river banks
which fall in between the upstream and downstream
comprise open sandy soils, with little vegetational
cover, and are therefore eroded. Other downstream

areas especially along the river are generally flat with
gradient of about 0.8 %. However, its immediate surrounding areas comprise gently sloping areas with
gradient of 1.5 %. The densely built up downstream
area (incl. Kawe Mnyamani settlement) cover about
379 ha. The catchment area beyond the Mwai Kibaki
(Old Bagamoyo) Road comprise a generally flat area
beyond which the River Mbezi discharges its waters
into the Indian Ocean (Figure 3).
Landuse
About 66.7 per cent of the catchment area comprises
informal housing area. Within the case study area,
housing densities vary remarkably; with some areas
having between 50 and 9 units per hectare. A mixture
of densely packed and sparsely built housing clusters
are observable upstream and downstream. Most of
the residential buildings are largely low single storey.
Upstream one also notes a fairly rich mixture of upper
low and middle income house types. In some areas
houses have been erected only a few meters from the
stream. In the downstream settlement areas such as
Kawe Mnyamani, the housing densities are consolidated and in most areas rather high; also and there are
many housing structures are built close to the river.
The negative effects of floods are heightened by sand
mining activities in the river which seem to be the main
source of landslide as well as erosion of the river bed.

In turn these are accentuating floods especially among
households occupying the low-lying areas.
16.5 % of the catchment area is owned by the Tanzania
People’s Defence Forces (TPDF). Lugalo and Changanyikeni military barracks accommodate the major
green open spaces in the case study area, containing
thick bushes and scattered trees. The areas under the
Military authorities are restricted to civilian activities.
The open space is a restricted area; therefore upstream
inhabitants living around not allowed to use the area
for any activity.
Roads
The catchment area is crossed by two District/Arterial
distributor roads and two local roads. These are the
New Bagamoyo, the Mwai Kibaki Roads and the Goba
and Makongo roads respectively. The two District distributors are paved and have large lateral stormwater
drains. The Makongo and Goba Roads collector roads
constitute the central spine that provides access to
most of the settlements in the catchment area. These
are gravel roads without lateral storm water drains in
most areas. Besides these roads, there are also several
local access roads and foot paths. Efforts are currently
underway to upgrade the Goba and Makongo roads.
This includes paving them. Once this improvement is
completed, the total area occupied by these roads will
add to 1%.

Green areas and open space
Given the informal nature of the land use development, it is very difficult to clearly designate public open
space in the study area. In the upstream areas, there
are scattered pockets of open areas, which are often
used for farming activities. Most of the land under
the military authorities is also largely open. In the
downstream areas, especially along the river, there are
several accidental open spaces. Farming is scattered in
various localities in the catchment area, but it is much
more consolidates in upstream zone, especially along
the narrow streams and gently sloping areas.
Economic activities
Besides farming, the main economic activities in the
catchment are mainly petty trading. They include repair
workshops, sand-cement blocks making, floriculture,
animal husbandry, and sand quarrying take place.
These are privately managed activities a number of
them take place within the residential areas. Informal
quarrying (sand) activities were registered at different
spots in the downstream areas. These include areas
that are susceptible to landslide and river bed erosion.

Case study sites , Dar es Salaam
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Figure 17a: Pictures from the left: Individual coping strategie: small swale and plantings agains surface runoff from uphill. House close to the
river, stairs destroied by flood during the rainy season.

Upstream Masuru (Mbezi Luis?)
In the up-stream area Masuru main problems are water
shortage as well as stormwater runoff towards the
river, causing erosion and flooding. According to senior
residents, the river used to be smaller and narrower
twenty years ago. Also, the river used to be suitable as
a water supply source, while today sewage and solid
waste is causing too much pollution.
During the dry season, the river dries up completely,
while in the rainy season it floods large areas and regularly destroys houses on the banks.
The settlement has been growing fast and became
denser within the last decade as it is close to a major
road.
A municipal pipe (Dawasco) provides water for the
community twice a week with possible long interruptions of up to four weeks. Some houses have additional
tabs, selling water to neighbors.

Due to bad geophysical conditions, very few houses
have boreholes. Some households collect rainwater
but lack storage facilities. During dry times water can
be bought from truck vendors. As to sanitation people
have septic tanks or pit latrines, which are mainly emptied into the environment and the river. During rainy
season stormwater flushes through streets and over
plots. People plant trees and grasses or burry channels
around their plots to fend off the stormwater. Close to
the river, elevated houses and pit latrines can be found.
A bridge over the river is presently being cleaned by
the ward as it was clogged up with silt and solid waste
increasing the river flooding.

Main problems
- Water shortage
- Stormwater flushes and erosion
Possible research questions/ intervention strategies:
- Rain water harvesting
- Erosion control

Case study sites , Dar es Salaam

Figure 17b: Pictures from the left: Woman ponding water in the Mbezi river to wash dishes. Block building close to thr river. Grass seedligs planted by local residents as individual measure to stop erosion of riverbanks.

Mid-stream Matosa
The Matosa area is located mid-stream along the river
and mainly inhabitet by farmers. In recent years, river
pollution as well as erosion problems and floodings
along the river banks increased. Additional, the dry
season river baseflow decreases constantly.
The farmers use the river water for irrigation. In the
drier months the farmers make small retention ponds
in the riverbed to dam up water for irrigation.
Small block production businisses are locaded by the
river as well. Much riverwater is needed for the block
production which further reduces the baseflow.
In a normal yearly rhythm, farmland by the river is
flooded for two month. According to farmers the flood
leaves too much silt and sand (and no nutrients) in the
fields. This year, a bridge crossing the river was destroyed by the seasonal floods strong force.
Some years ago farming along the river banks was
possible during the rainy season. As the floodig has

increased in power, this is not possible anylonger and
other sources of income, such as renting out rooms or
jobs in construction, are needed for the local inhabitants during these periods. To mitigate the flood impacts, trees have been planted at the river bank.

Main problems
- Rainy season: increasing power in floods, thus no possibility of riverrhine farming, siltation, erosion
- Dry season: decreasing baseflow
- Pollution of river water

In this area residents use river water for laundry and
personal hygiene. During the rainy season many households collect rainwater for drinking. Drinking water is
bought from trucks, local vendors or a local who has
dug a borehole. According to residents rainwater is
the cleanest drinking water as the water quality from
vendors varies and borehole water is often salty. In the
community there is a farmer who also works as a roofing contractor. He builds roofs with a full gutter around
the whole roof. With this roof you do not need to buy
water all during the rainy season, however, storage is
the problem.

Possible research questions/ intervention strategies:
- Flood protection measures
- Balancing river-flows in rainy season/ dry season
- Save drinking water source / stormwater harvesting

Case study sites , Dar es Salaam

Figure 18: Pictures from the left: Water vendor with private borehole selling water at the street. Farmers irrigating field on military compound with riverwater. Lokal center of
Kibururu close to the street.

Mid-stream – Kibururu
In this area water shortage is a major problem. The
community used to use the river as main water resource, however the amount of water in the river is
diminishing and the water quality is very poor.
During long dry periods and in times of despair, the
river water is still used for washing clothes and utensils.
The water is also used for irrigation of fields. In the dry
season, the farmers dig shallow wells to retain water
in the river bed. During the rainy season the farm plots
get flooded, however, the water does not stay long and
it is not a problem. Erosion from stormwater flushes
is a problem and solid waste i used to protect the land
against soil erosion.
The community used to have communal taps, but the
connection was cut off. Reasons might be political
opponance, technical problems and/or corruption.
People get water mainly from a local borehole, from
water trucks and local vendors and lastly from different
individual projects like rain water collection, digging of
holes and water retention in the riverbed.

The communities main borehole was dug a year ago by
a local. It serves 6 directly connected households and
two ‘selling stations’). The water is not treated. It is a
good business and the owner wants to expand with
more storage tanks. Sometimes in the dry months or
when there is an interruption with the Dawasa water in
the city, they sell borehole water in the city. According
to residents the borehole water is salty.
For sanitation people use pit latrines and septic tanks
emptied into the environment and river.

Main problems
- Water shortage – different options but no municipal
water!
- Erosion of river banks
- Mistrust to authorities – water committee and high up
politicians
Possible research questions/ intervention strategies:
- Advantages / disadvantages of the different water
supply systems
- Increase stormwater harvesting as a resource (how
to?)
– involvement of local people

Case study sites , Dar es Salaam

Figure 19: Pictures from the left: Sand mining activities along Mbezi river in Kawe. Erosion problems and pit latrine outflow. View over Mbezi river in Kawe.

Downstream - Kawe
The area experiences flooding problems every rainy
season (March and December) where the river overflows to a water level of between 10 cm to 60 cm over
groudfloorlevel in the nearby houses (Madsen, 2014).
A water level higher than 60 cm takes place occasionally but within recent years it has become more often;
- in 1997, 2002, and 2012 and 2014 (Madsen, 2014).In
these cases the flood destroys houses and erodes the
river bank heavily and several affected households will
have to move.

coming from upstream is a major problem, also causing
pollution (Madsen, 2014). In the rainy season upstream
septic tanks are emptied in the river and cause additional pollution.

When studying the river from orthophotos (Madsen,
2014) there is a noticeable change in its course in Kawe
over the 30-year period which emphasizes its power
and dynamics. According to Kawe residents the river
was wider before. Due to housing construction, it is
now narrower and more wedged in. The riverbanks are
eroding due to illeagel sand digging activities from nonlocals. Additionally solid waste is clogging the water
flow in the river. Local waste dumping as well as waste

As flooding and major erosion of the riverbanks are big
problems for the community, people on one riverside
collected money to place some large sandbags as protection. This measure was partly helpful, however still
5 houses were washed away by the flood. At the other
side of the river the residents had placed even larger
stones, which might have influenced the river dyamic
as well.

In Kawe the river is used for laundry and personal
hygiene, but not as a drinking water resource. Waste
water is also emptied into the river. Drinking water is
supplied by a municipal (Dawasco) pipe. This supply is
comparably regular.

Main problems:
- Flooding – destroys houses etc.
- Solid waste clogs up river
- Pollution of river (from upstream – emptying pit latrines and septic tanks)
Possible research questions/ intervention strategies:
- Living with floods – how? Joint initatives from both
river bank communities?
- Detaining the water upstream
- Stop waste water and solid waste coming from upstream

Table 1. Overview catchment comparision from a water perspective.

Catchment comparison

Comparing catchments
In both described catchments, flooding, erosion and
pollution problems in the river have increased in recent
years. The described rivers are no longer usable for
water supply purposes. In the Jemo/ Little Akaki catchment in Addis Ababa, fresh water is provided to communal taps by the government. However, especially in
the dry season the communal water supply does not
meet the need and modern living standards, such as in
the condominiums, increases per capita consumption.
The problem is similar in the Mbezi catchment in Dar es
Salaam, where the communal freshwater service seems
less steady and is partly even non-existent (Kiburu case
site).
The river floods in both catchments are said to have
increased in power and volume and cause partly devastating problems to the riverine settlers. These seem
to be related to fast urbanisation processes in both
catchments.
The urbanisation process in Addis Ababa is directed

by the government and mostly happening in form of
condominium development, with additional legal development of private housing. The areas for development are strategically picked by the government, partly
ignoring existing plans that e.g. constitute buffer zones
along the river. The most developed areas in the Jemo
catchment can be found up- and midstream, while the
floodplains downstream are still less developed, but
fast developing. The downstream area of Little Akaki
with the seminarium and the agricultural cooperative is
denser as well.
The urbanisation processes in Dar es Salaam is more
individual and mostly informal. The areas with high
density and fast urbanisation are developing in the
vicinity to big roads. Due to the large military area in
the catchment, the mid-stream along Mbezi is less developed as up- and especially downstream areas.
In both catchments, a dilemma in infrastructure development is evident. As the effects of improvements in

one infrastructure type, such as roads and housing, are
causing substantial problems in another infrastructure,
the water system.
Today, in both catchments, the solutions to the caused
water related problems are mainly found in individual
coping strategies, such as private boreholes, erosion
control with solid waste and plantings, small dikes and
swales. A lack of individual resources as well as a lack
of joint community based solutions often hinders more
effective strategies.

Research directions for WP2

The site analysis in this research project indicates
possible potential in interlinked solutions. A holistic
watershed approach, based on a community based
strategy and resources, paired with informed individual
solutions, might find stronger answers to the problems
at hand.

Catchment:
•
•
•

To develop such strategies for the catchments and individual solutions for the case sites, this research project
will try to work with the following tasks:

Catchment plans/ strategies for Mbezi and Jemo
based on coordination and involvement
Find ways to improve collaboration between communities and initiatives
Find ways to disseminate knowledge on green infrastructure to individual residence in the catchment
(e.g. harvesting technologies, erosion protection)
and to local planners and political stakeholders (e.g.
new ideas for important bufferzones, infrastructure
improvement in new build houses).
Find synergies between income generating activities (e.g. brick building, urban agriculture) and green
infrastructure development and maintenance.

What new ideas can be developed for a better suited
water infrastructure approach?

•

City:
• Develop ideas for a new water infrastructure approach that is suited to each cities physical conditions and governing processes.
• Develop suggestions for water resource friendly
infrastructure (housing, roads) development.
• In depth analysis of the water harvesting potential
in both cities. Hypothetical extrapolation of site/
catchment level experiments. Assessment of potential impact at city level. Suggestions for possible
strategies to explore the potential.

Site:
• Find ways to include individual residents in the
solution finding process
• Reduce mistrust to stormwater as a clean water
resource (especially in Addis Ababa)
• Find innovative synergies between stormwater
management and income generating activities
• Research the potential of greening for flood mitigation

•

Find individual design solutions for:
• Extend the rainwater harvesting –effective
collecting and storage facilities based on local
resources
• Extend the local landscapes potential for
stormwater detention and groundwater recharge
• Develop “living with floods” strategies for the
downstream case sites
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