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Executive Summary
Dar es Salaam, Tanzania, is a city where the convergence between climate change and
rapid urbanization is felt acutely. Over 70% of the city’s population lives in informal
settlements that frequently exist in low-lying, flood-prone areas and have an anticipated
annual population growth of over 5% (START, 2011). More erratic rainfall patterns and
frequent severe weather events are predicted, causing those living in flood-prone areas
to be increasingly at risk (IPCC, 2018). After severe flooding in April 2018, households
impacted by the floods lost 23% of their annual expenditure and Dar es Salaam lost about
4% of the city’s GDP (Erman et al, 2019). The impacts of flooding are not confined to
informal areas of the city. Solutions for improving flood resilience, therefore, need to be
tailored to specific community contexts. By employing a multiplicity of solutions centred
around early warning systems, the utilization of social and mobile platforms, informal
education and the improvement of waste management, both informal and formal areas
of Dar es Salaam can improve their preparedness and response to flood crises.
A variety of systems at differing levels of technological and spatial complexity can,
together, constitute an early warning system. Simplistic models using colour-coded
hazard levels provide cheap, community-based warnings while a national stream gauge
system would help centralize the projection of flood events, the ensuing response and the
collection of data regarding rainfall, streamflow and flooding. The use of mobile and
online platforms in flood mitigation strategies as a form of citizen science can
complement the use of early warning systems by increasing the temporal and spatial
resolution of flood warning systems. The integration of citizen science approaches in
flood mitigation strategies has already proven successful in other contexts such as Jakarta
(PetaJakarta) and Kenya (Project Ushahidi). Furthermore, the rising rates of mobile use
and Internet penetration in Dar es Salaam display the potential for the success of the
integration of mobile and online platforms in flood warning systems. Informal education
programmes can be taught through television and radio to reach the widest audience in
Dar es Salaam. This mode of delivery is especially important given the relatively low
percentage of Tanzanians enrolled in formal schooling. Informal learning has a higher
chance of reaching populations both in formal and informal flood-risk areas of Dar es
Salaam with a greater level of parity and improving flooding resilience in the community
at large. Improving solid waste management can be accomplished by increasing the
number of dustbins in communities so as to reduce illegal dumping. In companionship
with the recommendations around informal education, an awareness campaign can be
launched that explains the importance of solid waste management in mitigating flooding
and outlines the good practices of solid waste management at the household and
community levels. These initial efforts should be directed at informal areas of Dar es
Salaam as they face a greater challenge than formal areas when it comes to solid waste
management.
The disparity in impacts of flooding on different affected communities in Dar es Salaam
is great. There is, therefore, a need for comprehensive and varied flood mitigation
strategies that takes into account the discrepancy in impacts between formal and
informal settlements. As a city with both a growing population and growing vulnerability
to the effects of climate change, Dar es Salaam is faced with a particular need to develop
new and adaptive flood mitigation strategies.
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1.

Overview of Flooding in Dar es Salaam

By the end of the 21st century, Tanzania and its surrounding region are expected to have
a wetter climate with more intense wet seasons and less severe droughts (IPCC, WGIAR5,
2014). The greatest climate change threat is the projected increase in future synoptic
conditions which will see rainfall patterns become more unpredictable and intense and a
rise in sea levels, causing more coastal flooding. Broader variations in climate will also
translate into more frequent and/or severe storms, rain, flooding and drought cycles
(IPCC, 2018). Current climate trends for Tanzania indicate a clear increase in
temperature. However, precipitation trends still remain somewhat unclear on whether a
positive trend is establishing (Figure 1). Representative Concentration Pathways (RCPs)
are descriptions of climate change projections, which are defined by the concentration or
level of carbon in the atmosphere over the next few years. (The reader is directed to Van
Vuuren et al., (2011) in the references for a full explanation of RCPs). The highest of the
four RCPs is 8.5 which is the ‘business as usual’ scenario – that is, what is likely to occur
if no mitigation or adaptive measures are put in place (Riahi et al., 2011). Based on the
RCP8.5 projection scenarios, temperatures in Tanzania are expected to increase by 2.2 4.5°C by the end of the century (Rudari et al., 2018).

Figure 1. Temperature and precipitation trends for Tanzania, showing an average increase in temperature of about 1oC
since 1970. No significant trend in precipitation is captured. (Rudari et al., 2018)

Dar es Salaam is located in the eastern part of Tanzania. It is the second fastest growing
city in Africa, with a current population growth of 5.6% per anum. The city is expected
to have 10 million inhabitants by 2030 (UNDESA, 2018). Dar es Salaam is characterised
by urban sprawl and large informal settlements. Approximately 70% of the city’s
population already live in unplanned settlements (START, 2011).
The Msimbazi River and its basins cover an area of 271 km in Dar es Salaam. The
Msimbazi riverbed is no longer perennial, due to environmental degradation, meaning
that the river is completely dried up for most of the year. When rain comes, the ground is
unable to absorb the sudden influx of water leading to the onset of flash floods. Flooding
exerts considerable impacts on fast-growing cities such as Dar es Salaam as the majority
of infrastructure and dwellings was developed on flood plains. The continued growth of
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unplanned environments where infrastructure is minimal or non-existent is increasingly
exposing residents to the dangers of flooding (Wamsler et al., 2020).

Figure 2. Geographical map of Dar es Salaam showing the main Morgoro Road
(Green Dot) leading to the city centre (Red dot). The Msimbazi river, depicted by the
blue line, shows how disruptions can be caused during the large flood events. (C40
Cities Finance Facility, 2020).

Dar es Salaam experiences a tropical climate, characterized by high temperature and
humidity. A bimodal rainfall pattern is due to the migration of the Inter-Tropical
Convergence Zone (ITCZ), which controls the movement of air along the equator. While
Dar es Salaam experiences rain throughout the whole year, it has two rainy seasons
(figure 3): October to December (short season) and March to May (long season). On
average, between 1000 – 1300mm of precipitation is recorded annually (University of
Cape Town, 2017). A negative feedback loop is created whereby intensified rainfall, fewer
permeable surfaces due to depleted soil quality, and increased erosion provide an
environment for more frequent flooding (START, 2011).
Extreme rainfall events that occur in Dar es Salaam are influenced by variations in climate
due to its physical topography, monsoon winds and ocean influences (Borhara et al.,
2014). The variability of the rainfall patterns observed on decadal time scales is related
to large scale remote forcings such as the El Nino Southern Oscillation (ENSO) and the
Indian Ocean Dipole (IOD). A positive El Nino phase is associated with above average
rainfall during the short rainy season, with the opposite observed during a La Nina phase.
Similarly, a positive phase of the IOD has led to increased rainfall, also during the short
season. The longer rainy season shows no consistent relationship to atmospheric
forcings. Kijazi et al. (2017) noted on interannual scales, an established trend where
ENSO modulates the rainfall variability over East Africa.
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Figure 3. 1981 to 2010 historical average seasonality for rainfall and
temperature over Dar es Salaam. Mean monthly total rainfall
(mm/month) depicted as blue bars, whiskers show +-2 standard
deviations. Monthly mean daily (max and min) temperature presented by
the red and green lines respectively. (University of Cape Town, 2017)

1.1

Types of Flooding in Dar es Salaam

According to the European Union, the term flood is defined as a covering by water of land
not normally covered by water (Kebede and Nicholls, 2010). Flooding has long been
considered one of the most destructive natural hazards with records suggesting that the
frequency and severity of large-scale flood events are to increase (Dewan, 2013). Cities
experience various types of flooding as a result of increased rainfall. Classifications such
as groundwater flooding are quite common in countries such as Ireland, where water
stored underground breaks the surface (‘Groundwater Flooding Data Viewer’). Dar es
Salaam is susceptible to both fluvial and pluvial flooding (Maddox, 2014; Zurich
Insurance, 2019):
Fluvial Flooding: Occurs when water levels in a river, lake or stream rise and overflow
onto surrounding banks, shores and lands. Overflows affect small and larger rivers
downstream, compromising dams and dykes, leading to possible breakage and overflow
into surrounding areas. (C40 Cities Finance Facility, 2020)
Pluvial Flooding: Occurs as a result of heavy rainfall which creates flood events
independent of an overflow water bodies. Pluvial are further divided into two
subcategories: surface-water and flash floods. Surface-water floods occur when a
drainage system is overwhelmed, leading to water flooding onto streets. While surfacewater flooding can occur slowly, potentially causing less damage, flash-floods are
torrents of water triggered by sudden intense rainfall or release of water from a levee or
dam (C40 Cities Finance Facility, 2020).
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1.2 Flooding and Climate Change Resilience
Dar es Salaam experiences regular flooding events each year. While frequent, the impact
and magnitude of these events vary. In April 2018, Dar es Salaam was hit by some of the
worst flooding in its history, with over 82mm of rain falling over 14-15 April and a further
99.6mm in the following 24 hours. This event led to 15 fatalities, with a further 11 injured
(START, 2011). Dar es Salaam was again inundated by rain in May 2019, which saw
144mm of rainfall over 2 days (5-7th May), which is close to the monthly average. More
recently, on October 13th, 2020, flooding led to the death of 12 people due to the
Msimbazi river overflowing. Roads providing the means for evacuation and the
transportation of emergency services were obstructed by the blocking of several main
roads leading to further disruptions and delays (“Tanzania – 12 Killed”, 2020).
In a recent report by OCHA (2020), it was noted that since the beginning of March 2020,
over 1.3 million people have been affected by flooding in East Africa, with an estimated
481,000 of these people being displaced. Not only do these flooding events displace
people from their homes and communities, but they also have a negative impact on the
infrastructure, drinking water, sewage drainage, coastal erosion, as well as agriculture
and food supply. Casmiri (2008) observed that at the time of writing the coastline of
Kunduchi Beach in northern Dar es Salaam had retreated by over 200m over a 50-year
period.
Climate change resilience is defined as the adaptive capacities of communities in
responding to and recovering from natural events associated with climate change across
different timescales. Augmenting resilience to climate change involves reducing exposure
and vulnerability of communities and physical environments to climate risks (IPCC, 2007;
OECD, 2014). This can be achieved with increased preparedness, response, as well as the
introduction of short-term adaptive and long-term mitigation measures (OECD, 2014). In
Dar es Salaam, the increased frequency and magnitude of fluvial and pluvial flooding due
to climate change has significantly undermined socio-economic wellbeing and livelihoods
of communities (START, 2011: OCHA, 2020). Increasing resilience to flood-risks through
elevating the adaptive capacities of communities will aid in counteracting the negative
impacts of flooding.
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2. Overview of High-Risk Informal and Formal Flood
Areas in Dar es Salaam
Elevating the adaptive capacities of communities is more complicated in Dar es Salaam
as the city consists of a conglomeration of informal and formal areas, both of which are
affected by flooding. Dar es Salaam thus becomes what Rasmussen describes as two
cities: the formal city and the informal city (Rasmussen, 2013). The formal city developed
along Dar es Salaam’s four primary roadways whilst the informal city developed filled the
remaining space between those roadways and the outer periphery (Rasmussen, 2013).
Informal settlements in Dar es Salaam are described as “unplanned neighbourhoods
where a mix of middle- and low-income families live face to face” (Rasmussen, 2013: 4).
Residents of informal settlements work in the formal and informal economy, and services
are provided by the municipality but often with a high degree of irregularity. This section
provides an overview of flood-prone areas in Dar es Salaam, both in the formal and
informal city.

Figure 4. Map of Dar es Salaam with EAs categorized
according to flood risk categories (Erman et al., 2019)

Kinondoni, Ilala and Temeke are the three municipalities that make up the city (Pastore,
2015). Within each municipality, there are numerous wards and sub-wards (Pastore,
2015). All three municipalities have areas that are prone to flooding. As evident by Figure
4, coastal areas are at a high risk of flooding (Erman et al, 2019). However, the area in
and along the Msimbazi River Valley is a very flood-prone area as well (Rugai and
Kassegna, 2014). Moreover, future flood modelling suggests that 35%, 67%, and 70% of
the Kinondoni land area would be affected by floods in the coming 5, 10, and 50 years,
respectively (World Bank, 2016). Similarly, Ilala could see 10%, 22%, and 41% of its land
area impacted by flooding in the next 5, 10, and 50 years, respectively (World Bank,
2016). Temeke is not set to be as impacted as much as these municipalities – nonetheless,
certain wards in Temeke are still at risk (World Bank, 2016).
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One area from the Temeke municipality that is prone to flooding is the sub-ward of Keko
Machungwa. This sub-ward is an informal settlement with a total of 961 buildings that
are at risk of flooding (Sakijege, 2013; Ramani Huria, 2016). Keko Machungwa lacks
drainage channels and a solid waste management system, which increases the risk of
flooding (Ramani Huria, 2016). Flooding, in turn, has several consequences in this subward. First, it increases the risk of ground and surface water pollution (Sakijege, Lupala
and Sheuya, 2012). Second, it increases the risk of diseases, such as water-borne diseases
including diarrhoea, cholera and typhoid (Sakijege, Lupala and Sheuya, 2012). Children
tend to be more affected because they play in the water that is likely polluted. Third,
flooding increases traffic as vehicle and pedestrian pathways become inaccessible
(Sakijege, Lupala and Sheuya, 2012).

Figure 5. Map of the study area- Magomeni Suna settlements (John, 2020).

One area from the Kinondoni municipality that is prone to flooding is the sub-ward of
Suna. This sub-ward is also an informal settlement that has a total of 1,744 buildings at
risk of flooding (De Risi et al, 2013; Ramani Huria, 2016). Figure 5 puts into perspective
areas that are at risk of flooding in this sub-ward (John, 2020). The lack of drainage
capacity and haphazard construction in the river valley, and the fact that upstream solid
waste gets compiled in the area, are all factors that increase the risk of flooding in Suna
(Ramani Huria, 2016). The December 2011 floods highlight the consequences of flooding
in this area: only 15 per cent of Suna inhabitants said that their income had not been
affected; 41 per cent had lost home possessions; 34 per cent had lost money; most of the
houses had been flooded up to their roofs; and a few houses had been completely
destroyed (Kiunsi, 2013). Moreover, businesses were closed, and three lives were lost
(Kiunsi, 2013).
In addition to informal areas like Keko Machungwa and Suna being at risk of flooding,
formal settlements are at risk as well. For example, within the city center, Upanga
Magharibi, Jangwani, and parts of Kariakoo are the areas where floods occur most often
(Ramani Huria, 2016). Old infrastructure that effectively drains stormwater is the main
issue confronting these formal areas (Ramani Huria, 2016). Heavy rain can cause flooding
in just a few hours (Ramani Huria, 2016).
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3. Solutions for Improving Flood Resilience in Formal
and Informal Dar es Salaam
As the risk of floods increases in Dar es Salaam and the city’s population continues to
grow, particularly in informal areas of the city, solutions must be created and adapted to
meet the needs of specific communities. There can be no uniform solution to increase the
flood resilience of the city at large as the resources, demographics and proximity to the
state differ across the map. Flood resilience is here understood to be defined at the most
fundamental level as “relate[d] to a system’s ability to resume functionality in the wake
of a perturbation” (McClymont et al., 2018: 1152). By employing a multiplicity of
solutions centred around informal education, the utilization of social and mobile
platforms, the improvement of waste management and stream gauge networks, the
extent and severity of flooding can be diminished in Dar es Salaam and both informal and
formal areas of Dar es Salaam can improve their preparedness and response to flood
crises respectively.

3.1 Current Education on Flood Risk and Disaster Management in Local
Communities
This section will outline the current state of education in Tanzania and will evaluate
potential access points in order to propose the most efficient methods of increasing flood
education in local communities. Additionally, this section will outline the limitations of
introducing flood education in schools, favouring informal methodologies to increase
public awareness.
In order to create effective frameworks of prevention and management within disaster
climates, it is important to increase awareness and disseminate accurate information
among the entirety of the Tanzanian populace. Although flooding has a disproportionate
effect on certain demographics of the Tanzanian population, flood-related natural
disasters affect the country as a whole, whether that be on a personal level or through the
impacted economy. Wide societal participation is key in improving flood resilience, as
citizens can then identify their own problems and find solutions “through the process of
empowerment which gives the poor control over their lives and increases their ability to
mobilize sufficient development resources” (Thwala, 2010). The most crucial
recommendation is thus to give autonomy to local students and experts to decide on the
most effective interventions to reach their own communities.
Schools are not the most efficient access point in increasing disaster management and
education because those who live in places most likely to experience flooding are
statistically less likely to complete formal education, as shown in Figure 6. Education in
general does not enable significant outreach, because “almost 70% of children aged 1417 years are not enrolled in secondary education while a mere 3.2% are enrolled for the
final years of schooling.” (UNICEF, n.d.). Another problem with using formal educational
institutions as access points to high flood-risk communities is that women are less likely
to have access to education but are more likely to be affected by flooding.
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Figure 6. Description of respondents in Mbura’s case study (Mbura, 2014)

A study conducted on Disaster Management and Persistent Flooding Disaster in Dar Es
Salaam concluded that there is a disproportionality in the affected communities based on
five determinators: gender, marital status, family size, length of stay in their respective
location and education level (Mbura, 2014). Based on her own 2012 fieldwork, Mbura
concludes that sixty per-cent of the respondents were female which indicates that
“disaster prone areas have a gender gap that males are few in these areas that are
exposed to disasters” and women are more likely to be the respondents to the initial
disasters (Mbura, 2014).
Moreover, “female-headed households are more likely to be directly affected than maleheaded households,” and they are “more likely to live in areas affected by floods.” There
appears to be a great advantage to allocating resources to female-headed households as
those households have a higher likelihood of contributing to community savings (AlSamarrai and Evane Tamagnan, n.d.), suggesting that resource allocation to femaleheaded households can have a greater impact on the wider community. In summary,
women are more likely to be impacted by flooding and have a greater community
influence during disaster times, while simultaneously being 4% less likely to finish
secondary school education than their male counterparts (Al-Samarrai and Evane
Tamagnan, n.d.). Mediums which have the least gender disproportionality in disasterprone areas therefore have greater potential to succeed in increasing awareness of
flooding and flood management strategies.
Informal points of education, such as radio and television, have a higher likelihood of
reaching those who do not have access to formal education. Between 2017-2018, 24%
percent of households owned a television in Tanzania (Statista, 2020). Although this
percentage is lower than the 30% of the population having access to education, a
household includes several occupants, including older generations and women, who have
a lower probability of attending school while simultaneously being more involved in the
aftermath of flooding. This suggests that using television as an access point to
communities may be more effective than through the use of schools.
According to a 2018 paper supported by the Federal Ministry for Economic Cooperation
and Development, one of the best ways for running public awareness campaigns in Africa
is to “work with the mainstream press to get your message out” (Vogl, 2018: 7).
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Contrasting Realities and Solutions for Flooding in Informal
versus Formal Settlements in Dar es Salaam
Television has become a competitive media outlet, as the dominance of radio has been
diminished. IPP media and the state-run Tanzania Broadcasting Corporation are
becoming the major players in broadcasting in Tanzania (BBC, 2019). The increasing
presence of television in Tanzanian communities suggests that it is becoming an
increasingly valuable outlet for educational material.
Radios are a much more affordable option for families and a more popular one, since
43% of households in 2017-2018 owned at least one radio. Like televisions, radios are
beneficial access points since they are also a point of community gatherings. Yet, radio
does not enjoy the same level of engagement as television, and it has been declining in
popularity since 2007 when 66% of households owned a radio. Additionally, given that
radio listening is a more passive activity than television viewing, radios provide an
effective mode of communication for reaching communities with emergency information
as they are often played constantly in the background of households and gathering
spaces.
However, there are certain drawbacks with the use of television and radio as a means of
communicating information on the causes, preparation and aftermath of flooding. Firstly,
electronics are prone to damage during flooding, and communities may not be able to
afford to replace those easily, especially in the light of COVID-19’s impact on Tanzanian
economy. According to a report published by the World Bank in June 2020, the pandemic
is expected to severely impact the GDP growth, cutting it at least in half and increasing
poverty. The report also states that “Tanzania’s macroeconomic performance has been
strong for the last decade, but the current crisis is an unprecedented shock that requires
strong, well-targeted and sustained policy response” (BBC, 2019). Thus, education
through television may not target the audiences that are suffering the most from floods,
such as communities in informal settlements.
Another issue facing access points, especially those informal ones, is the existing
governmental corruption. Freedom House Report (2016) states that there is a decline in
press freedom, as evidenced by the internet restrictions during the 2020 election
campaigns. Therefore, the media outlets, although seemingly increasing in accessibility,
are limited by governmental policies (World Bank, 2020). While the access points
discussed are useful to a certain extent, a framework that is not completely reliant, but
aided by, media resources would be advantageous in overcoming the limitations that
exist with the media.
Community workshops, led by volunteers or local organisations, can also be held to
disseminate information about flood risk and mitigation strategies. Such organised
settings also allow for community participation in curating local flood preparedness
plans (Shariff and Hamidi, 2019). The inclusion of specific local flood knowledge through
participatory approaches increases the robustness of preparedness measures and overall
community resilience to flooding (Dufty, 2008; Dewan, 2014). Additionally, the more
participatory and ‘bottom-up’ approach undertaken augments the sense of ownership
and responsibility community members have over dealing with flood risk, concomitantly
increasing participation in flood education (Annamalai et al., 2016).
A case study on community-based service learning in Tanzania found that a system that
involved partners from communities and universities was effective because participants
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“appeared to be more realistic about what the students could do; thus there were fewer
expectations.” (Akhurst, 2016: 27).

3.2 Utilisation of Mobile and Online Platforms in Flood Warning
Systems
Mobile and online platforms, such as telecom services and social media websites, can be
utilised in crowdsourcing flooding information as a form of citizen science. Citizen
science is defined as the involvement of the public in the crowdsourcing of data in
scientific projects (Sy et al., 2018). Citizen science approaches can complement physical
warning systems, increasing the spatial and temporal resolution of flood monitoring
while allowing for rapid dissemination of flood warnings (Okolloh, 2009; Gomani et al.,
2010; Walker et al., 2016).
In Tanzania, the use of mobile and online services is relatively high and has been
increasing. In 2019, 85% of the population were using telecom services with an overall
internet penetration rate of 46%, increasing from 61% and 21% in 2013 respectively
(Statista, 2021). Hence, there is great potential in employing the use of mobile and online
platforms in flood monitoring and warning systems in Dar es Salaam.
Such approaches have been piloted and employed in other regions like Jakarta and Kenya.
In Kenya, the Project Ushahidi allows for individuals to report flood risk through websites
and SMS services in crowdsourcing real-time information about flooding. Volunteers factchecked the reports by contacting the individual or through online platforms like news
websites or social media before disseminating warnings through the Ushahidi website
(Okolloh, 2009). In Jakarta, the PetaJakarta project utilised Twitter to collect georeferenced tweets regarding flooding before generating a real-time flood risk map that
the public can easily access. Similar to Project Ushahidi, PetaJakarta verified the online
information by contacting the individuals through Twitter. Simultaneously, additional
information about the flood report, such as the water level and photographs, were
obtained to improve the accuracy of the generated flood-risk map (Ogie and Forehead,
2017).
However, having good and stable mobile service networks alongside internet
connectivity is crucial in ensuring the success of utilising mobile and online platforms in
flood warning systems. The lack of good internet connectivity was a pertinent issue cited
in both the case studies of Project Ushahidi and PetaJakarta (Okolloh, 2009; Ogie and
Forehead, 2017). In addition, the informal and volunteer-based nature of these
programmes may reduce the receptiveness and reach of such approaches (Okolloh,
2009).
Tanzania is susceptible to unreliable power supply, suffering from frequent power
blackouts due to old electricity infrastructure and poor connectivity (IIED, 2018). Power
outages have also occurred during political events, such as in October 2020. According to
NetBlocks (2020), a watchdog organisation monitoring Internet freedom, online and
social media platforms were disrupted a day before the presidential elections.
Additionally, the Tanzania Communications Regulatory Authority issued to service
providers directives to halt mobile services during the election period.
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Hence, the stability of the local mobile and internet connectivity, alongside the degree of
Internet freedom needs to be assessed before deciding to integrate mobile and online
platforms in flood warning systems. In the execution of such citizen science approaches,
education is crucial in increasing its outreach and participation rates (Okolloh, 2009).
This can be done through informal organisations like community workshops or
institutional settings like schools. Furthermore, in the utilisation of social media
platforms, it is possible to partner with social media companies to increase outreach.
Increasing outreach and participation increases the potential success and effectiveness
of citizen strategies, which is fundamentally dependent on the ability to crowdsource
information from a large participating body. Lastly, given the technological sophistication
involved in such strategies, the use of mobile and online platforms can be piloted within
chosen wards or sub-wards, such as in the case of PetaJakarta (Ogie et al., 2019), before
scaling up to other regions within Dar es Salaam.

3.3 Improving Solid Waste Management
One way to mitigate the impacts of flooding in Dar es Salaam is by improving solid waste
management in both formal and informal areas. Most residents do not have access to
good, organised waste collection services (Kasala, Burra, and Mwankenja, 2016).
Furthermore, there is only one dumpsite in the entire city, and only about 50-60
neighbourhood collection points (Giavini 2017; Huisman, Breukelman and Keesman
2016). Consequently, locals end up leaving their solid waste in informal sites that in turn
end up blocking drainage channels. These blockages then, of course, contribute to
flooding (Salukele and Chale 2017; Niekerk and Weghmann 2019). In fact, a remarkable
70% of all waste in the city is dumped informally or illegally, including in rivers and other
waterways (Salukele and Chale 2017; Niekerk and Weghmann 2019).
However, at the city level there is a lack of meaningful action, as the government rarely
fines those who dispose waste improperly (Emig, 2010). Moreover, at the national level
there is a lack of a cohesive waste management strategy with adequate financial support
to cities like Dar es Salaam (Huisman, Breukelman and Keesman, 2016). Furthermore, at
the household level, there is a lack of support to pay for a community waste collection
program (Kasala, 2014). Accordingly, there is a need for a seismic shift in the thinking
and focus of people at all these levels. The most practical way to do this is through an
educational and awareness campaign that promotes the practice of proper solid waste
disposal. For example, from September 2015 to November 2016, the International Solid
Waste Association commissioned a project in two sub-wards of Kinondoni to improve
solid waste management via an awareness campaign that included door to door
engagement with households (Bremen Overseas Research & Development Association,
2016). This effort helped lead to behavioural change and improve waste management
practices among community members (Bremen Overseas Research & Development
Association, 2016).
This measure could be accompanied by strategically placing dustbins throughout the
communities in order to bridge the space between households and the waste collection
points. One of the major problems preventing effective waste collection, especially in
informal areas, is that it is difficult for waste collectors to go to every house, so
households end up illegally dumping their waste (Kasala, 2014). If this approach is
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adopted, then waste collectors would just go to these bins instead of each individual
household. However, it would be critical that this measure be adopted alongside an
educational and awareness campaign in order to ensure that households understand the
benefit to them – in terms of reduced flood-related consequences – of disposing their
waste in common dustbins.
Therefore, one recommendation for mitigating flooding in both informal and formal areas
of Tanzania is to implement educational and awareness campaigns accompanied by
investments that strategically place dustbins throughout communities in an effort to
improve solid waste management.

3.4 Stream Gauges and Early Warning Systems
The predominant mode of measuring streamflow is through stream gauging stations,
with “a gauging station being a stream site instrumented and operated so that a
continuous record of stage and discharge can be obtained” (Manual on stream gauging,
2010: xvii). This data is of particular use during the high-flood risk seasons, for “during
certain events, such as imminent flood threats, real-time data are used as input to
hydrological models to simulate water behaviour and provide flood forecasts for
authorities.” Data garnered from stream gauges during a flood threat is not just of use to
authorities but can also be “published on internet sites for immediate use by the general
public,” though it must be made clear that data published in real time is preliminary
(Manual on stream gauging, 2010: xviii).
There are different levels of complexity and breadth in the technological and
geographical aspects of stream gauge stations and stream gauge networks. For example,
the United States Geographical Survey (USGS) operates a national stream gauge system
that “supports the collection and (or) delivery of both streamflow and water-level
information at approximately 8,500 sites and water-level information alone for more
than 1,700 additional sites” (USGS Streamgauging Network). The density of stream
gauging stations, as seen in Figure 7, and the consistent uploading of data enables the
USGS to not only warn about water crises like floods and droughts, but also plan and
forecast such events.

Figure 7. Federal Priority Streamgages (FPS) Mapper (USGS, 2021)
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In a case study of the Zimbabwe National Water Authority (ZINWA), the hydrological
water management system managed by ZINWA covers seven major river basins,
including the Manyame catchment which encompasses Harare Metropolitan (Mwedzi et
al., 2016). The ZINWA case illuminates the importance of reliable and accurate data for
the efficacy of stream gauges as a flood warning system. The efficacy of stream gauges
can be contextually diminished, however, as “in many countries, stations tend to be
spatially clustered and short-lived, because data collection is contingent on development
projects. Limited funding and shifting government priorities also limit stream gauging
capacity” (Ruhi et al., 2018: 199). Such a decrease in funding for stream gauges occurred
in Zimbabwe, which contributed to ZINWA receiving unreliable data from one-third of
their stream gauges. Dar es Salaam has six gauge stations to measure sea level, although
only two of the six were operational as of 2015 (Ngwali, 2015). However, Dar es Salaam
is not just at a higher risk of coastal flooding on account of rising sea levels. It is also
threatened by the flooding of the Msimbazi River and its subsidiaries, which greatly
impacts settlements built on floodplains. Thus, not only would Dar es Salaam benefit from
improvements and expansion of its gauge stations, it would also specifically benefit from
a program where data collection continues beyond the external influence of a
development project.
There are different levels of stream gauges and stream gauge networks as seen in the U.S.
and Zimbabwe examples. Similarly, different levels could be employed in Dar es Salaam.
The most cost-effective and rudimentary stream gauge is a simple colour-coded stick.
Red, yellow and green are utilized to indicate Level III, Level II and Level I warnings
respectively. This simplistic stream gauge model requires little monetary investment, can
be widely dispersed and community members can be easily educated about how to read
the different warning levels and respond accordingly.
A more technologically advanced gauge system could utilize community-based tipping
bucket rain gauges. SMS data loggers can be attached to a standard tipping bucket rain
gauge, and thus data can be dispersed digitally via text. The tipping bucket rain gauge
can be relatively small in size and placed in a central location in a community.
Community members can then connect their cell phones to receive alerts, or social
media accounts can be utilized to post rainfall data. The tipping bucket rain gauge with
SMS data logger is significantly more expensive than the colour-coded stream gauge, but
it produces data that can better predict rising water levels and flood conditions and
then provide early warnings to community members.
The most complex stream gauge system would be more in line with the USGS or ZINWA
systems wherein a country has a national stream gauge system and data is collected,
analyzed and dispersed by a central authority. A national stream gauge system enables
a country to better track rainfall and flooding across the entire country. The
government can then centralize flood response, and the regularity of data submissions
from stream gauges can be increased in different communities during times of flooding,
facilitating a better community-to-community approach. However, this approach would
provide a significant investment from the Tanzanian government and, most likely,
foreign donors. Flood response would also be controlled primarily by the state rather
than being community-led.
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4.

Recommendations

As this report has outlined, there is a significant gap between the knowledge of flood
resilience and how it can be effectively applied in the context of Dar es Salaam. With
government support, there is great potential for Tanzania to become a leader in flood
resilience through the thoughtful implementation of infrastructure and training to its
citizens and communities. That being said, frameworks that include private sectors may
also be of great benefit, since financial investments may keep stakeholders committed.
Recommendations in this section differ in terms of their target communities, with certain
recommendations having greater potential efficacy, achievability or impact in informal
settlements versus formal areas of Dar es Salaam.

4.1 Early Warning Systems
Dar es Salaam, like many other African cities, is part of a region which has contributed
the least to climate change but is now disproportionately experiencing the impacts. As
rainfall is expected to increase towards the end of the twenty-first century and beyond,
cities like Dar es Salaam have an opportunity to create long lasting mitigation measures
to lessen the burden. Enhanced collaboration between non-governmental and
governmental organisations involved in the collection and analysis of meteorological
data would allow for greater research and development of solutions with regard to
climate change adaptation. Technological investments into early warning systems would
help the citizens of Dar es Salaam mitigate the impacts of the projected increase in rainfall
and the large flooding events connected to such an increase in rainfall, although more
substantial interventions related to flood risk management will have to be implemented
in order to decrease the vulnerability of both people and properties.
Early warning systems prepare communities on a very short timescale to prevent
financial damage to their assets where possible. They provide a warning on probable
floods through the collection and analysis of data, with an output in the form of an alarm
(Cools et al., 2012). The Bus Rapid Transit (BRT) system was developed under the
institute for Transportation and Development Policy (ITDP). The BRT system comprises
lanes dedicated to busses ensuring a fast and safe commute for communities. The
development of an early warning system (EWS) for the BRT System reduces the financial
losses to this vital transport system incurred from flooding, thereby reducing the rise in
negative economic consequences. Collaboration with initiatives such as the Tanzania
Urban Resilience Program (TURP) would provide an opportunity to further support the
implementation of such programs and early warning systems. However, such
collaboration might disproportionately benefit formal areas of the city as opposed to
informal.
One recommendation would therefore be to conduct further investigation into current
programs in place and open up the floor to discussions with the Tanzanian government
and local councils to see where skills and support could be used efficiently. This can be
done by conducting surveys and organising symposiums to provide the means for
multiple organisations to discuss collaborative opportunities. That being said, it is still
imperative to highlight the importance of instating local frameworks. International
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institutions can act as a means of checks and balances to ensure accountability on the
frontline, especially if there is an involvement in funding.
For a community-based approach, one project that might be adopted would be the
implementation of the colour-coded stream gauge. This would provide the quickest
entry-point to early warning systems, particularly in informal settlements. While unable
to collect or disseminate data, the warning levels are easy to read and react to, serving as
a first step to improving flood preparedness. With further investment, this simplistic
stream gauge model could be updated to the tipping bucket rain gauge partnered with an
SMS data logger. Informal settlements would then be able to collect and disseminate data
and warnings themselves without relying on a central government body as would be
necessary with the stream gauge station model. One limitation of the colour coded gauge
is, however, highlighted in an informative case study of the flood warning system utilised
by the Environment Agency in the United Kingdom which has been compared to a ‘traffic
light system’. The EA actively combatted this perception as they found that “people would
wait for the red to take action” (Environment Agency, 2009: 39). Community education
would therefore be crucial in the implementation of any such project to ensure that
members of the community know how to read and follow the instructions at each
respective warning level, as early warning systems are only useful if their warnings are
heeded, and the appropriate actions are taken. The tipping bucket rain gauge model
would require more instruction about setting up the gauge, maintenance and
dissemination of data gained from the gauge. This could be incorporated into flood
resilience education carried out through either formal or informal modes of education.

4.2 Online and Mobile Platforms
The use of online and mobile platforms can be integrated into flood warning systems to
increase its spatial and temporal reach. Tanzania has high and rising rates of Internet and
mobile usage, increasing the potential for success in implementation. Such approaches
have been undertaken in other countries like Kenya and Indonesia, proven to be
successful and subsequently scaled up. Utilisation of online and mobile platforms has the
potential to reach both informal and formal areas relatively equally. It is recommended
that such a project would follow a blueprint already established in other countries, such
as that in South Korea, where it is customary for mobile companies to provide a free
service of flood warnings sent to all registered SIM cards. This would be especially
effective in flood crises since vital information can be spread quickly. While this is most
likely the fastest mode of emergency communication, radios still remain a vital and more
reliable form of communication considering the internet blackouts in Tanzania which
may affect the dissemination of information through SIM cards.
However, stable internet and mobile connectivity, alongside Internet freedom is
fundamental to the success of adopting the use of online and mobile platforms.
Communications infrastructure has to be assessed by external bodies and Internet
freedom upheld before deciding to integrate online and mobile platforms into flood
warning systems. Without Internet freedom and access to communication networks, it is
impossible to rely upon online and mobile platforms during flood crises. The feasibility
and potential success of this citizen science approach is also dependent on its ability to
have a large participating body. Partnerships with local organisations in rolling-out
education workshops that increase awareness of flood risk alongside explaining
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technicalities of using mobile and online platforms in flood mitigation can increase
community impetus for participation. Additionally, partnerships with authorities like
social media companies would greatly increase the access of the Dar es Salaam
population and significantly increase outreach efficiency. Overall, given the increased
technological sophistication of this strategy, it is useful to consider a pilot phase before
implementation in Dar es Salaam at the city level.

4.3 Educational Outreach
The issues highlighted in this paper establish a need for educational programmes
regarding flood awareness and responses to be provided in ‘unconventional’ ways in
order to reach the widest possible audience. This requires a level of creativity, when
moving the focus away from a formal school educating system. It is recommended that
audio programmes provided through radio stations should be developed to ensure all
age-groups have access to the information. These programmes could cover issues ranging
from the forecasting of flooding and other synoptic events as well as more economical
topics such as waste management and alternative crops for farming. The research and
writing of the educational materials should be led by local university students who have
access to conduct interviews with members of communities living in formal and informal
areas of Dar es Salaam. Radio programs should be articulated in easily comprehensible
vernacular in order to ensure the highest levels of understanding and accessibility to
those affected by large flood events.
Informal/entertainment-style education can also be explored through the conduit of
television. IPP Media has shown enthusiasm in spreading digital media, specifically
television, to more homes in Tanzania. In fact, there appears to be a partnership and a
strong relationship between IPP media and the British company ITV. Consequently, this
represents a potential access point. Informal modes of education could also serve as a
more effective means of channelling flood resilience education to individuals and
communities in informal settlements, if increased access to television and radio is
supported in conjunction with the education initiative.
Relevant curriculums for such informal educational programmes might be developed
with the support of the Tanzanian government, and could cover themes on climate
change science, community engagement and sustainable development as well as floodresponse awareness. This curriculum could be tailored for both formal classroom spaces
as well as informal community learning spaces, thus reaching individuals in both formal
and informal areas regardless of access to education. While examples, these topics would
educate on the overarching themes of adaptation and mitigation.

4.4 Waste Management
The authors of this paper recommend that a waste management project might build
easily on extant practices in the WASH programme already developed within CDI. There
is both an environmental and economic opportunity in effective waste disposal, which
could see improvements in the environment through the safe disposal of waste and the
potential for job creation.
Expansion of waste collection services to informal areas in the city through the creation
of community bins has great potential. It would keep waste collection primarily in the
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control of the community while incorporating informal settlements more into the city’s
formal waste collection services. In order to effectively facilitate behavioural change, it is
recommended that pilots be carried out initially in one sub-ward at a time. Since informal
areas tend to experience greater challenges than formal areas when it comes to solid
waste management, it is best to focus initial efforts in the informal areas.
For instance, given the challenges described in this paper that the sub-ward Suna faces,
this is one of the first areas where the authors recommend that the implementation of
this option occur. This project in Suna could be implemented over 8-weeks in the
summer. The primary resources required would be printed literature that explains the
necessity of solid waste management in mitigating flooding and outlines the good
practices of solid waste management at the household and community level. In addition
to this, dustbins would need to be purchased. In order to enhance the feasibility of this
option, WASH should collaborate with SAWA Tanzania, which has part of its mission to
work with local stakeholders to provide for sustainable environmental sanitation, and
with NIPE FAGIO, which is a community-based organization that has prior experience
conducting awareness campaigns on solid waste management in informal areas of Dar
es Salaam (SAWA Tanzania, no date; Bremen Overseas Research & Development
Association 2016). Moreover, in order to secure funding for awareness campaign and
for the dustbins and thus make this option more feasible, support from the
International Solid Waste Association may be sought. Also, in Ghana cost per dustbin
that was 240 liters was estimated to be GHc170 in 2016 (that’s about $21 pounds
today) (Ghana Anti-Corruption Coalition, no date). If this cost can be used as a proxy for
Dar es Salaam, then the purchasing of dustbins can be relatively cost effective.
It is work acknowledging, however, that based on experiences in Keko Machungwa, there
are some challenges that can arise when trying to improve solid waste management.
These include a lack of coordination among relevant stakeholders, a lack of financial
capacity, and a lack of cooperation from households (Kasala 2014). In fact, in one survey
63% of respondents placed responsibility for solid waste management with the
Government instead of with themselves (Kasala 2014). An additional hurdle is the
ongoing pandemic, which will limit the ability of doing door-to-door visits and holding
large gatherings to raise awareness. For these reasons, this option is recommended only
if there is a concrete plan to overcome these barriers to implementation.
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5.

Conclusions

As this paper argues, there is a major disparity in the flood-prone geographical areas and
affected communities in Dar es Salaam. Consequently, there is a need for multiple changes
and implementations in order to deal with individual and specific challenges. For
instance, informal areas are more ill-equipped to deal with flooding when compared to
formal areas, as there is a difference in available infrastructure and access to resources.
The risks and impacts of flooding would be decreased significantly with proper sewage
systems and the implementation of complex stream gauge systems, for example, thus,
decreasing the disproportionality between formal and informal settlements. These
expensive, time-consuming, yet essential plans require major spending and involvement
from the government and other stakeholders. It may be somewhat difficult to persuade
the government to fully finance these necessary changes; partial involvement from the
private sector alongside governmental involvement may be an achievable solution.
The paper has also presented informal education as having the potential to play an
imperative role in disaster management and prevention of flooding. The impacts of
flooding are gendered in nature, as women in Dar es Salaam are more affected by flooding
while also being the most proactive players in responses to flooding. Therefore, resources
should be spent on ensuring that women are equipped with the necessary information
and tools to improve their own household’s as well as their community’s flood resilience.
There should be an emphasis on informal modes of education in the messaging around
flood resilience as access to formal education in Dar es Salaam is not universal. Hence
communication and education on flooding through non-institutional means, with the
combination of media and community-led initiatives, will allow greater access to
essential information on flooding.
As the effects of climate change increasingly impact urban spaces, it is essential to study
and analyse how different populations within those spaces are affected. By accounting
for informality in the creation and implementation of various types of flood risk
management, actors in cities, both in Sub-Saharan Africa and outside of the continent, can
better mitigate the impacts of flooding and improve the flood resilience of all
communities residing in urban spaces.
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