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In many parts of the world today, soil erosion is the major obstacle to mankind's future
well-being. Combined with flooding, soil erosion is responsible for almost half of all
deaths from natural disasters over the last 50 years, and almost a third of all economic
losses worldwide. To prevent the Bubolese population from these disasters, it is necessary
to identify the causes of recurrent flooding and erosion in the Municipality of Mususa in
the City of Butembo and to propose solutions for the efficient prevention of these
phenomena. Thanks to an approach based on a combination of several methods, notably
documentation, fieldwork and the use of 'open street map' satellite data and the reference
RGC database in the Democratic Republic of the Congo (DRC), flood-prone areas
were identified and located around the Kimemi River. Whereas eroded areas are located
along the Wayimiria River. Hence, after fieldwork, flooding in the Municipality of
Mususa is the result of precipitation and inappropriate urbanization. Strategies to combat
this phenomenon include (a) public awareness campaigns and (b) the use of tanks to store
rainwater. In addition, erosion is caused by the regular mining of sand in the riverbed by
the riverside population, and also partly by the nature of the soil. For this reason, the use
of plants such as bamboo and public awareness campaigns would be the best solutions to
these problems. Considering the urgency and gravity of the situation, the political and
administrative authorities must get involved to stop these disasters, because prevention is
better than cure.

1. Introduction

of devastating rains in the capital Kinshasa (Lopanza et al.,

Of all the natural disasters that strike the world every year,
floods are the most frequent, damaging and deadly
(Maghsood et al., 2019; Ro and Garfin, 2023). They are the
source of almost half of all deaths caused by natural disasters
over the past 50 years and are responsible for almost a third
of economic losses worldwide (Kundzewicz et al., 2014;
Gasana, 2018; Krvavica et al., 2023; Li et al., 2023).

It is estimated that 2.9 million people have been displaced by
the severe flooding in Central and West Africa (Kundzewicz
etal., 2014; Oyedele et al., 2022) and the DRC is not exempt
from this natural calamity. In December 2022, the United
Nations Office for the Coordination of Humanitarian Affairs
(OCHA) reported that at least 169 people had died as a result
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2020). Furthermore, as predicted by (Cosoveanu et al., 2019;
Shin et al., 2022; Yereseme et al., 2022; Manno et al., 2023),
if climate change trends combined with an increase in the
population living on flood-prone land, deforestation, the
disappearance of marshland and rising mean sea levels, are
confirmed in the coming decades, catastrophic floods are
likely to be more frequent, and an increasing number of
people should therefore be exposed to this phenomenon.

Faced with this well-founded warning, the issue of flood risk
management iS becoming increasingly important for
governments and municipalities alike. This is the case for
current concerns in the City of Butembo and especially for
vulnerable entities located in low-lying areas.
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As for erosions, they currently constitute the main evidence
for explaining phenomena degrading the Earth's topographic
surface, and these mnatural disasters have serious
consequences for the environment (Chalise et al., 2019;
Pandey et al., 2021; Chuma et al., 2022). Many books and
publications have already been produced in these fields, and
scientists are continuing with their research to provide
detailed data on erosive phenomena around the world and
their environmental consequences. According to Sahani
(2012), it's not the climate that's behind the increase in runoff,
but rather the impermeabilization of the Kimemi watershed.

Additionally, the degradation of the vegetation cover as a
result of anthropogenic actions eliminates the delaying effect
of rainwater concentrations and runoff that vegetation used
to play (Rey et al., 2004; Kitakya, 2007; Wang et al., 2016)
and urbanization intensified considerably between 1987 and
2004 (in km?) in the Kimemi watershed (Sahani, 2012). This
makes the soil surface impervious. In fact, according to the
current mentality in the urban area of Butembo, a good plot
is one where the entire courtyard is paved or cemented. This
practice encourages runoff rather than infiltration.

That's why (Kundzewicz et al., 2014; Williams et al., 2018;

Dong et al., 2023), believe that anthropogenic factors are the
triggers of flooding phenomena. In addition, rainfall analyses
carried out by (Sahani, 2012) reveal a downward trend. This
supports the fact that the occurrences of flooding in the City
of Butembo are not a result of the rains of recent years, as
these are very normal. So, it's not the climate that's causing
flooding in Butembo, but poor urbanization. This
urbanization acts in two different ways (Lopanza et al.,
2020). Firstly, it leads to an increase in the runoff coefficient,
i.e., rainfall of the same intensity produces more surface
water; and secondly, roads form privileged paths for runoff
water. They increase watershed hydrological connectivity
and transfer runoff to vulnerable areas in a short space of
time. The massive inflow of water into the valley bottoms
exceeds the drainage capacity of the valleys. This generates
flooding.

These works of our predecessors are very similar to our
research theme. Since most of them attempt to address some
aspects of either flood or erosion risk management. That's
why, in this study, we're going to draw on their results,
especially those concerning methods of combating and
preventing these natural disasters, to compare and discuss
our findings.
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Fig. 2. Geological map of the City of Butembo according to BRGM geologists (Sahani, 2012; Odhipio et al., 2022)

However, this research attempts to solve two problems. The
first problem or natural disaster identified in the Municipality
of Mususa is flooding. After the field trip, the consequences
(footprints) of this flooding phenomenon are very deplorable
in the study area, especially in the areas located along the
Kimemi River. The second problem identified in the
Municipality of Mususa is erosion. The heads of these
erosions, in certain cells of the Municipality of Mususa, are
very advanced. This is because there are no anti-erosion
practices in place, or those that do exist appear to be
inefficient.

Given the above, it is worth asking the following questions:
(a) What are the most vulnerable areas to flooding and
erosion in the Municipality of Mususa? (b) What are the
causes of flooding and erosion in Mususa? The anticipated
answers to these questions are as follows: (a) the most
vulnerable areas are located near the Kimemi and Wayimiria
Rivers; (b) inappropriate urbanization and the absence of
erosion mitigation practices are respectively the main causes
of flooding and erosion in the City of Butembo. For this
reason, the main objective of this study is to identify the
causes of flooding and erosion in the Municipality of Mususa
and to propose solutions for the efficient prevention of these
phenomena. More specifically, this study aims to: (a) identify
the most vulnerable areas to flooding and erosion in Mususa;
(b) identify the causes of flooding and erosion in the
Municipality of Mususa; and (c) propose some strategies for
combating these problems.
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2. Materials and Methods

2.1 Study Area

2.1.1 Geographical Frame

The Municipality of Mususa, which is the focus of our study,
is one of four municipalities of the City of Butembo. It
occupies the southern part of the City of Butembo and
extends between 0°03'10"N and 0°08'25"N latitude, and
29°17'45"E and 29°21'04"E longitude (Fig. 1). It is limited to
the north by the Rawbank - CUGEKI Bridge Road, to the
east by the Kimemi River, to the south by the Mususa River,
and to the west by national road no. 2 (‘Président de la
république’ Boulevards).

Butembo is one of three towns in North Kivu, in the
northeast of the Democratic Republic of Congo. The urban
area lies between 0°03'10"N and 0°12'08"N latitude and
29°12'18"E and 29°21'20"E longitude (Fig. 2). It is about ten
kilometres north of the equator. It is located close to the
western edge of the Albertine Rift. Butembo's geological
substratum is very fragile and sensitive to erosion. The relief
of the urban area of Butembo (Municipality of Mususa) is the
result of Tertiary orogeny concomitant with the formation of
the Albertine tectonic rift (Yamba and Boven, 1998). This
gives the city a morphology consisting of an alternation of
several hills and valleys, facilitating the accumulation of
rainwater and its drainage in large quantities via the Kimemi
River into the Congo River watershed. The soils in the
Municipality of Mususa vary according to bedrock, texture,
water and organic matter content. They are formed by a
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kaolinitic material characterized by a clay fraction dominated
by kaolinite and free oxides (Bruneau and Katsuva, 1981).
The oxides present in the soils are generally iron oxides,
which give the soil its reddish or brownish tint, conferring on
it the name of ferrisols (Zitong et al., 2000). The original
vegetation of the Municipality of Mususa has disappeared as
aresult of human activity. It has given way to post-cultivation
ruderal herbaceous weed groups and exotic woody species
(eucalyptus, Grevillea, robusta...). For centuries, the region
has been systematically deforested, to the extent that the
climatic mountain forest survives only in a few
underpopulated areas and on the few summits of isolated
massifs.

Climatically, the Municipality of Mususa, like the whole city
of Butembo, enjoys a humid subtropical climate tempered by
mountains according to the Koppen-Geiger classification
(Peel et al., 2007). The average temperature is 18 °C, with an
average rainfall of 1.382 mm/year (Mahamba et al., 2022).
There are two rainy seasons. The first begins in March-April-
May, and the second in August-September-October-
November. This climate is influenced by the passage of the
intertropical zone (Fontaine et al., 2011).

2.1.2. Geological Setting

The geological substratum of Butembo is very fragile and
sensitive to erosion (Sahani, 2012; Mahamba et al., 2022).
The bedrock of the Precambrian basement underwent folding
during the Paleozoic, and recent granite intrusions are
thought to have been influenced by orogenic movements
(Kawa et al., 2022; Odhipio and Kakule, 2022). Four main
rock types are encountered in the City of Butembo (Fig. 2)
and can be described from northwest to southeast as follows
(Benjamin, 2022; Odhipio et al.,2022; Odhipio et al., 2023):
1) Maffic complex of the Luhule-Mobisio: Found around the
Mubunge River. It consists of metabasalts, dolerites, diorites
and quartzite islands. 2) Luhule-Mobisio sedimentary
bedrock: composed of schists and quartzites with limestone
intercalations. These schists date from the Lower and Middle
Burundian, i.e., from around 1,235 + 40 Ma. These schists,
dark in colour and easily detachable in platelets, intercalated
with large quartzite beds, are sound on interfluves and
weathered at the bottom of hills and valleys. They are most
notable at the bottom of the Lwamiso hill and on the hills
west of the Kimemi. They form the floor of this river below
the Biasa Bridge. 3) Orthogneissic complex: made up of
laminated and retromorphosed granites and granodiorites,
sometimes orthogneiss and homogeneous migmatites. This
complex dates from the Antekibalian or Lower Kibalian. The

Lower Kibalian dates from around 2,800 Ma. They are
located in the centre and east of the town. Much of the urban
area is built on this orthogenetic complex. 4) Lubero series:
consisting of mica schists with granitic intrusions, phyllites,
shales, sandstones and quartzites dating from the Lower
Burundian. These rocks are located to the east of the town of
Lubero.

2.2. Data Collection

This work is the result of an approach starting with a
literature review and ending with the interpretation of results,
via fieldwork. Not forgetting data processing and analysis.
The literature consisted of consulting books and articles
relating to the geology and geography of the study area, as
well as to the causes of flooding and erosion in the
municipality of Mususa, using 'Google Scholar and
'Mendeley' as search engines. The field equipment used
included a compass, a GPS, a decameter, a phone (whose
camera was used to take images) and a field notebook.
During this investigation, we found that the most vulnerable
areas to flooding and erosion are those located along rivers.
The compass was used to determine the flow direction of the
watercourses; the GPS helped us to take geographical
coordinates (these coordinates were taken with a precision of
3m in UTM format); the decameter was used to measure the
width of the watercourses and to estimate the average height
of water in the minor and major bed respectively.

2.3. Data Analysis

Data were compiled and processed using QGIS (version
3.16) and Excel (version 2013). This enabled us to produce
the various thematic maps used in this work. The data used
to produce the location map came from a combination of
'open street map' satellite data and the RGC reference
database for the DRC. On the other hand, the database used
for the geology map (notably lithological and structural data)
is available on the USGS platform.

3. Results and Discussion

3.1 Flood Risk Assessment in the Mususa Municipality

3.1.1 Impacts of Floods and Vulnerable Areas

In this report, we focus on the recent flooding of the Kimemi
River on November 09, 2022. After a heavy rainfall lasting
more than 4 hours, the river flooded the riverside
neighbourhoods. Leaving footprints and damage after the
flood. Using GPS and compass, respectively, we took the
geographical coordinates of the site and the direction of the
river's flow at each observation point (Table 1), making it
easier to map the flooded area.

Table 1. Observation sites of the consequences of flooding in the Municipality of Mususa during the flood of November 09, 2022

Geographical coordinates [in UTM format]

Flow direction

Sites Places

Longitude [m] Latitude [m] Elevation [m] from to
Site 1 Vungi 756,096 E 14,366 N 1,722 N183° N003°
Site 2 Vungi 755,803 E 14,195 N 1,719 N178° N358°
Site 3* Vungi 755,851 E 12,553 N 1,721 N120° N300°
Site 4 Vungi 755,586 E 14,858 N 1,713 N180° N360°

*The river flows in the same direction from N178° to N358°, the level of water on the road can easily reach 2 m at this point
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Fig. 4. Mososo quarter flooded after the heavy rains that fell on Kinshasa on April 01, 2023. Image UNDP-DRC

The consequences of this flooding include: (a) the
abandonment of homes due to flooding: i.e., during the
flooding, the waters of the Kimemi River reached the interior
of the houses, forcing the inhabitants of the riverside areas to
move and temporarily abandon their homes. (b) The flood
waters killed several people during the flood, but their
numbers were not communicated to us. These included
vulnerable people such as the drunk, the very aged, the sick
and children. (c) Not forgetting the loss of property and the
destruction of homes, i.e., when the waters of the Kimemi
River overflowed into homes, they affected their structure
and strength. (d) On the other hand, the floodwaters (very
dirty) reached some pharmacies located near the river and
wetted several cartons of medicines. Unfortunately, after the
floods had passed, the pharmacy owners simply cleaned and
dried the medicines, and then resold them to the public. From
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a sanitary point of view, this was a big mistake, as these drugs
were already contaminated. (e) Wastewater fills and pollutes
drinking water wells. Due to a third external problem linked
to the lack of drinking water and the insufficiency of
REGIDESO taps, the local population always tends to
replenish itself in these polluted wells. All of which lead to
various illnesses linked to the consumption of dirty water.

In addition, floods have a serious impact on human activities
and on biodiversity in the affected areas (Zhang et al., 2021).
For example, some wildlife can be washed away, and
vegetation can be uprooted. It is therefore clear that bank
erosion along the Kimemi River is often due in part to
recurrent flooding. For Oyedele et al. (2022), flooding often
causes significant damage, in addition to long-term
submergence of property and water pollution. The most
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sudden floods are the most dangerous for people's safety
because they leave no time to evacuate flood-prone areas (Ji
et al., 2018). The same reality is often experienced in the
Municipality of Mususa, where neighbourhoods in
downtown Butembo are submerged even when there is no
rain in the downtown area.

Being a major collector for the city, the Kimemi River drains
a very large area of the region. As a result, sudden floods
often occur in the Vungi quarters. After the flood of
November 09, 2022, the difficulties for users continued.
Some communication axes, notably roads, remained cut off
after the rain (Fig. 3).
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Fig. 5. Maps of flooded areas in the Municipality of Mususa in the City of Butembo after the rain of November 09th, 2022

For Rubinato et al. (2019) and Degeai et al. (2022), the risk
of river flooding is increasing, with the massive arrival of
water in a reduced concentration time due to the absence of
obstacles, a consequence of the destruction of the bocage
network (hedges, embankments, etc.). And that watercourses
are undergoing a considerable deterioration in their physico-
chemical quality, such as increased turbidity, pollution by
phytosanitary products, increased eutrophication due to the
use of soil improvers, and reduced substrate diversity. Silt
transported by runoff also contributes to the obstruction of
reservoir spawning grounds. Not to mention the risk of

173

groundwater pollution, depending on its contact with the
surface (in karstic environments, for example).

These disasters expose the population to epidemics (Gao et
al., 2016; Huang et al., 2016), as some households lack
sanitary facilities and prefer to defecate in the open air.
Added to this is unmanaged garbage. This leads to water
pollution, which constitutes the main impact of flooding in
the city. The rise in water levels in residential, industrial and
agricultural areas leads to numerous contaminations. Water
pollution can also threaten human safety, particularly if
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hazardous substances are carried away by the waters, and
potentially in contact with people. Moreover, Butembo is not
the first Congolese town to experience the problems of
flooding. Kinshasa (Fig. 4), the capital of the DRC, is one of
the Congolese cities most affected by flooding (Wouters and
Wolff, 2010; Lopanza et al., 2020).

Here is a cartographic representation of the areas flooded
during this torrential downpour (Fig. 5). The Kimemi
riverbed began to widen at the Henri Pierrard secondary
school, where the waters no longer follow the normal
riverbed. They overflow onto the riverside plots, entering
houses and destroying everything in their path. With
enormous damage downriver.

3.1.2. The Causes of Flooding and Some Possible Solutions
Although rainfall is the natural cause of flooding, human
activities and inappropriate urbanization are the main causes
of flooding in Butembo (Sahani, 2012; Mahamba et al.,
2022). In addition, the lack of water pipes in certain quarters,
the obstruction of water pipes by rubbish and anarchic
construction remains the main causes of flooding in the city
of Butembo. As previously stated, poor urbanization is one
of the causes of flooding in Butembo, as it contributes to the
waterproofing of the ground surface. The more buildings
there are, the more infiltration diminishes to the benefit of
run-off. The result is a successive increase in the volume of
runoff, with significant consequences for low-lying areas,
including the centre of Butembo.

In an attempt to solve the problem of flooding in the
provincial city of Kinshasa, the Minister of State, Minister of
Infrastructures and Public Works, at the 30th meeting of the
Council of Ministers, speaking of the problem of post-rainfall
flooding in the city of Kinshasa, mentioned that the causes of
flooding in the city of Kinshasa (a city initially designed for
400,000 inhabitants, but now home to over 12 million due to
demographic constraints), are: the lack of implementation of
the various development plans, uncontrolled urbanization,
the absence of an efficient waste management system in the
city, leading to the discharging of solid waste into channels,
collectors and watercourses, irregular maintenance of
waterways and cleaning of collectors and watercourses,

insufficient evacuation capacity of existing hydraulic
structures, and climate change (with higher and more intense
rainfall) (Muyaya, 2021).

For the Minister, solving this problem requires the
application of a series of recommendations that call for
substantial financial resources. These include Implementing
the city's development plan, the Strategic Orientation
Scheme for the Agglomeration of Kinshasa (SOSAK);
Updating the mapping of the sanitation network; Planning
systematic dragging and cleaning operations on the networks
(hydrographic and sanitation); Efficient and rational solid
waste management; Implementing the city's Flood Risk
Prevention Plan (PPRI); Financing sanitation studies for the
city; and the citizen awareness campaign (Muyaya, 2021).

These solutions are ambitious and require huge resources,
which could handicap the implementation of these plans.
However, raising public awareness through conferences and
workshops seems simple and feasible. And it is the most
efficient way, because in Butembo, as in most Congolese
cities, waterproofing the entire surface of one's plot of land is
a prestige. Changing this philosophy is a direct solution to the
problem of flooding. As it is difficult to prevent the
population from building and to impose a development
model on the plot, the only solution available to effectively
combat rainwater is to set up a water storage system on each
plot. In this way, the quantity of water that falls on the plot
remains stored in the tanks (Fig. 6). This has two advantages.
Firstly, this practice helps to combat flooding by reducing
runoff flows. Secondly, it combats water shortages, as the
population will be supplied with large quantities of rainwater
for laundry and household cleaning.

3.2. Erosion Risks in the Mususa Municipality

3.2.1. Impacts and Vulnerable Areas along Wayimiria Stream
Erosion is defined as the detachment and transport of
particles by rain when the soil is no longer able to infiltrate
water (Bezak et al., 2021; Kinnell, 2021). It generally occurs
on previously weakened soils, in the event of rainfall intensity
exceeding the soil's infiltration capacity (particularly during
violent storms), or on waterlogged soils (in autumn and
winter) (Du et al., 2022).

Fig. 6. Images of some tanks for domestic rainwater storage
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Fig. 7. Images of some eroded areas along the Wayimiria River

Table 2. Location of some eroded area along the Wayimiria Stream

Geographical coordinates (in UTM format)

Sites Places
Longitude (m) Latitude (m) Elevation (m)

Site 1 Vichai 756,046 E 11,518 N 1,762
Site2* Vichai 755,992 E 11,598 N 1,746
Site3* Vichai 755,836 E 12,483 N 1,739
Site 4 Vichai 755,961 E 11,652 N 1,745
Site5* Vichai 755,939 E 11,824 N 1,746
Site 6 Vichai 755,828 E 11,664 N 1,745
Site 7 Vungi 755,785 E 12,890 N 1,731

*The river flows in the same direction from N178° to N358°, the level of water on the road can easily reach 2 m at this point

This more or less massive and rapid transport of water and
soil can have major economic, human and ecological
consequences, including a reduction in the agronomic
potential of land, increased flood risk (mudslides, increased
intensity and volume of river flooding), and the degradation
of natural environments (Kundzewicz et al., 2014). These
consequences can be serious both for biodiversity and for the
safety of all those living in the direct vicinity of these
environments (Zhang et al., 2021).

In the Municipality of Mususa, in the City of Butembo, for
example, erosion of the riverside is observed along the
Wayimiria Stream, with direct consequences for houses.
Examples in sites 1, 2a, 4b and 5 (Fig. 7). These images (Fig.
7) show the degree of erosion evolution in the few
observation sites in the Municipality of Mususa, along the
Wayimiria Stream. Their geographic coordinates (Table 2)
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were very useful in drawing up the map of eroded areas in the
Municipality of Mususa (Fig. 8). Besides, deforestation and
agricultural practices have significant consequences for soil
erosion and watercourses, notably through flooding and
pollution (Mangaza et al., 2021). In addition, the APEL
(Lake Saint-Charles and Northern Marshes Environmental
Protection Association) reminds us that erosion also has local
impacts on construction sites. It has a significant economic
impact and improves working conditions on construction
sites (Thibault et al., 2018).

3.2.2. The Causes of Erosion and Some Possible Solutions

Soil erosion, i.e., the mobilization of soil particles, is a
complex phenomenon involving many factors. Soil is a
collection of particles of varied sizes, constituting the basic
unit of the soil (Kinnell, 2021). These particles are sometimes
grouped in aggregates, or complexes, spaced by pores. One
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of the first factors likely to modify this structure is the "splash
effect", which corresponds to the projection of particles
following the impact of raindrops (Thibault et al., 2018). This
effect depends on two parameters: (1) the bond strength
between particles, and (2) particle size. A clay soil is made up
of small (< 2 um) but strongly bound particles. The impact of
raindrops slightly loosens the aggregates. A sandy soil, on the
other hand, is made up of bigger particles (between 50 um
and 2 mm) lightly bonded to each other, making it difficult
for the splash to displace them. The most sensitive soils to
splash are silty soils, whose particles are intermediate in size
between clays and sands (Thibault et al., 2018). Complexes
can therefore be dissociated, and particles mobilised by the
impact of raindrops. Revised Universal Soil Loss Equation

(RUSLE) is one of the erosion models developed by the
United States Department of Agriculture (USDA) research
program (Pandey et al.,, 2021; Chuma et al., 2022).
Considering this model, the main factors influencing erosion
are climate, mainly rainfall, soil types, topography land use
or vegetation and more particularly cultivation practices
(Pandey et al., 2021). In urban areas, all these factors can be
grouped into two categories, namely: (a) factors related to
ecological conditions (natural factors that are linked to the
manifestations of erosion) among which can be
distinguished: rainfall, soil type, topography and land use or
vegetation cover; (b) factors related to socio-economic and
political conditions including anthropogenic actions and
urban planning policy (Lopanza et al., 2020).
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Fig. 9. The main causes of erosion in the Municipality of Mususa in the City of Butembo

For Wouters and Wolff (2010), the causes of gully erosion
can be deduced for each gully from a contextual analysis of
satellite images and commented on using a field analysis
(Wouters and Wolff, 2010). Then, the deduced causes are
confirmed by an exhaustive geological survey of the gullies.
In Kinshasa, for example, they observed four main causes of
gullying using this method, namely: overflowing retention
basins, broken collectors, paths created in the direction of the
slope and silting-up and subsequent failure of lost wells.
Many infrastructures have been unable to withstand the
erosive nature of precipitation and the instability of the
surface of sandy soils. Lack of maintenance and the absence
of sites for the various wastes of the people of Kinshasa also
played a role in the failure to control gullying.

Blais (2005), on the other hand, highlights the role of bedrock
depth and old riverbeds in the development of internal
foundation erosion (Blais, 2005). Thus, for a relatively classic
alluvial soil (i.e., a clay layer covering alternating sandy-
gravelly and silty layers), the area’s most susceptible to
internal foundation erosion are (a) areas corresponding to
bedrock rises, (b) areas close to former river meanders, and
(c) areas where human activity has modified the surface layer
(agricultural use, borrow areas, etc.). He also assumes that in
areas where the clay layer is weak, erosions are numerous but
benign, whereas in areas where it is strong, they can lead to
rupture.

However, in the case of the Mususa Municipality, the
combination of erosion causes listed by Lopanja (2020)
seems to be apparent in some of the observation sites.
Notably in the Tarce Primary School valley (Fig. 9a) and in
the Vichai Valley (Fig. 9b), where the main cause of erosion
is the regular mining of sand in the riverbed by the riverside
population. In Fig. 9c, the nature of the soil seems to be the
cause of erosion.

Faced with this situation, many non-governmental
organizations in the Democratic Republic of Congo have
recently decided to combat erosion in Kinshasa by
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reinventing erosion control methods, the idea being to
combine the construction techniques of the various
infrastructures known to date with fast-growing vegetation
and strong root systems (Wouters and Wolff, 2010).

According to Mietton (1986), today's erosion control
methods can draw on a whole range of traditional
techniques, the fruit of spontaneous farming initiatives.
These range from mechanical processes (stone cordons,
fascinage, grass or shrub planting) to biological or cultural
practices (associated crops, mulching, ridging) (Mietton,
1986). On the other hand, Roose, et al. (1985) add that water
and soil conservation will therefore be organized as a set of
complex actions within the agrarian system aimed at bringing
into play the interactions that exist between each of the
resistance factors and especially the most efficient
management of the soil. Not forgetting erosion control
techniques such as ploughing, isohypse ridging, hedgerows
or stop strips, which can reduce soil losses by 1/10, and some
techniques for reducing the slope of the land, such as
benches, trenches and pits (Roose and Sarrailh, 1989).

For example, INRA has demonstrated an 80% reduction in
the transfer of sand and silt after a 3 m wide grass strip, and
a 98% reduction after a 6 m wide strip, using soft hydraulic
structures to control runoff and erosion such as grass strips,
hedges, fascines and even weir ditches (Gésan-Guiziou et al.,
2019). Dabney et al. (1995) and Barfield et al. (1975) obtained
similar results by combining fascine, hedge and grass strip
(Meyer et al., 2001).

Besides, Graf et al. (2003), encourage and advise the use of
plant-based protective structures, qualifying the latter as
"living construction", "plant technology", "biological
engineering" or "ecological engineering". According to
APEL, erosion control not only has positive effects on
nature, it also has an economic impact (Graf et al., 2003).
For this reason, effective erosion management will: limit the
loss of soil and materials needed for development work
around the building; reduce siltation of construction sites;
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reduce sediment input into the municipal drainage system;
reduce pollution of watercourses; reduce drainage system
maintenance costs; prevent culverts from becoming blocked;
prevent clogging and silting of rivers; eliminate gullying of
sloping surfaces; prevent deterioration of bathing areas.
Seeking to combat recurrent erosion along the Wayimiria
River in the Municipality of Mususa, the vulnerable
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population uses the following techniques and methods.
These include the use of vehicle tires as in Vungi near the
confluence of the Wayimiria and Kimemi Rivers (Fig. 10a),
wooden stakes used in the Vichai Valley (Fig. 10b), wooden
stakes wrapped in bags used in the valley near the Vichai
Elementary School (Fig. 10c), and mosquito nets supported
by wooden stakes in the Vichai Valley (Fig. 10d).

Fig. 11. Images of bamboo to be used to combat erosion along the Wayimiria River in the Municipality of Mususa

Some of these anti-erosion techniques are very simple and are
based on the use of affordable materials. The use of tires, for
example, seems to be very successful in the Valley of Vungi.
However, other erosion control techniques appear to be less
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efficient and unsustainable, such as the use of wooden stakes,
wooden stakes wrapped in sacks, and mosquito nets
supported by wooden stakes, etc. Despite their use, erosion
continues to progress. This is why, instead of these, it would
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be preferable to use plants such as the bamboo, whose roots
effectively help to stabilize the soil (Fig. 11).

Despite the use of all these techniques, it is important to raise
people's awareness of the problem of erosion by informing
them of the steps to be taken to minimize or simply avoid the
formation and development of gullies. These include: (a)
reducing the degradation of natural vegetation cover as much
as possible, (b) sowing grass on every plot instead of
waterproofing the entire surface, (c) using rainwater storage
tanks as in the case of flood control, (d) avoid sand mining in
riverbeds.

4. Conclusion

Responsible technicians today recognize that soil erosion in
many parts of the world is the most significant obstacle to the
future well-being of mankind. Combined with floods, they
are the source of almost half the deaths caused by natural
disasters over the last 50 years and are responsible for almost
a third of economic losses worldwide. To prevent the
Bubolese population from this scourge, it is necessary to
identify the causes of recurrent flooding and erosion in the
Mususa commune in the City of Butembo and to propose
solutions for the effective prevention of these phenomena.

Thanks to an approach based on a combination of several
methods, notably documentation, fieldwork and the use of
'open street map' satellite data and the DRC's reference RGC
database, areas vulnerable to flooding were identified and
located around the Kimemi River. Whereas areas vulnerable
to erosion are located along the Wayimiria River. To reduce
and/or eradicate the consequences of flooding and erosion as
listed in this work, it is very important to know the causes of
these disasters in the Municipality of Mususa.

Flooding in the Municipality of Mususa is caused by
precipitations and their accumulation in the Wayimiria and
Kimemi Rivers, but also by poor urbanization (waterproofing
of the ground surface, which hinders infiltration in favour of
run-off). To combat this phenomenon, here are a few
strategies to adopt: (a) raising public awareness through
conferences and workshops. This will directly change the
behaviour of Bubolese people in the face of flooding, by
combating the imperviousness of the entire surface of the
plot. (b) The use of tanks for domestic rainwater storage. As
it is difficult to prevent the population from building and to
impose a development model on the plot, the only solution
available to effectively combat rainwater is to set up a water
storage system on each plot. In this way, the amount of water
that falls on the plot remains stored in the tanks. This has two
advantages. Firstly, it helps combat flooding by reducing
runoff flows. Secondly, it combats water shortages, as the
population will be supplied with rainwater in large quantities
for laundry and household cleaning.

In addition, erosion in the Mususa commune is caused by the
regular mining of sand in the riverbed by the local
population, and by the nature of the soil. In some places
along the Wayimiria River, the soil is clayey and very rich in
organic matter (Vichai). This is why the use of plants such as
bamboo, whose roots effectively help stabilize the soil, would
be a good strategy. On the other hand, it is important to make
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the population aware of the problem of erosion by informing
them of the steps to be taken to minimize or simply avoid the
formation and development of gullies.

Considering the urgency and gravity of the situation, here are
the actions to be taken by the political-administrative
authorities: (a) rapidly provide the City of Butembo with
development plans. These will enable the best possible
organization of the already urbanized areas as well as those
to be developed. (b) Install drainage systems along roads and
clean them regularly, for example during weekly community
work. (c) Set up a monitoring committee to check the water
storage system in each household. For example, a committee
made up of the heads of the cells and the heads of ten houses.
(d) Organize campaigns to promote awareness and
understanding of natural hazards (Cfr. Urban environmental
services). (e) Formally prohibit the population from
extracting sand from the riverbeds and streams draining the
city. (f) Propose penalties and sanctions for recalcitrant
offenders, to eradicate once and for all the practice of
extracting sand from streams. Sand is less appreciated by
construction experts because of its heterogeneous nature and
grain size.
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