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Abstract

This study evaluates urban growth and access to drinking water in Bukavu from 1980 to
2024, combining diachronic Landsat image analysis, demographic and geospatial data, and
household surveys. Bukavu’s population rose from 280,000 to over 2 million, with an annual
growth rate of 4.57%, doubling every 16 years. The urbanized area expanded from 17 km?
in 1984 to nearly 50 km? in 2024, with progressive densification in risk-prone zones such as
steep slopes and wetlands. Theoretical access to drinking water is 61%, falling below 20% in
informal neighborhoods. REGIDESO produces 25,000-30,000 m3/ day, while the estimated
demand is 70,000-72,000 m?/ day, creating a deficit of over 30,000 m3/ day. Households
rely on public standpipes (45%), unimproved sources (33%), and the parallel market (44%),
with average collection times of 45 min. High-density areas show elevated health risks,
with 57% of water samples contaminated by Salmonella and 36% contaminated by E. coli.
Land tenure insecurity affects 29.7% of households. Statistical analysis indicates strong
correlations between distance and collection time (r = 0.963) and moderate correlations
with disease occurrence (distance r = 0.582; time r = 0.411). These findings demonstrate
that rapid urban sprawl, informal settlement, and weak institutional capacity significantly
constrain water access, contributing to health risks and highlighting broader implications
for African cities experiencing similar growth patterns.

Keywords: urban expansion; drinking water provision; water management strategies;
urban governance; SIG; spatial analysis

1. Introduction

The world’s population, and particularly that of developing countries, has grown
remarkably over the past few decades [1,2]. In 2000, there were more than 6 billion people
on the planet, and the United Nations population projections for 2030 predict a global
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population of around 8.2 billion, with 6.9 billion living in developing countries [3]. In 2030,
3.9 billion people will live in urban areas in the Global South [4]. In less than thirty years,
1.8 billion people will migrate from rural areas to cities or be born in urban areas [5,6]. As a
result, cities, as large agglomerations, the inhabitants of which have diverse professional
activities, are subject to the process of urban sprawl [7,8]. Urban sprawl, which occupies
an important place in the debate on territorial development, is gradually transforming the
areas surrounding cities [9,10]. Urban sprawl and its impact on access to water are well-
documented challenges in developing countries [11,12]. Globally, urban areas are expected
to absorb all of the world’s population growth in the coming decades, with the majority of
city dwellers living in overcrowded, unplanned settlements with inadequate water and
sanitation services [13,14]. In sub-Saharan Africa, the situation is particularly worrying,
with a growing number of people deprived of access to safe drinking water [4,15,16]. The
DRC, despite having more than 50% of the African continent’s water reserves, has one
of the lowest rates of access to safe drinking water and adequate sanitation, with only
52% of the population having access to an improved water source [17,18]. Urban sprawl,
characterized by the uncontrolled expansion of urban areas, poses significant challenges to
sustainable development, particularly in terms of access to essential services such as drink-
ing water [13,19]. In the Democratic Republic of Congo, this problem is particularly acute in
cities such as Bukavu. With a population exceeding 2 million, Bukavu is undergoing rapid
urbanization, fueled by immigration, conflict, and economic opportunities [20-22]. Bukavu,
the second largest city in Eastern DR Congo, has an average intercensal natural growth
rate of 4.2% per year, meaning that the population could double every 16 years [23,24].
Its population has grown from 383,934 inhabitants in 1984 to 2,013,683 inhabitants in
2023. Characterized by recurrent water shortages due to geological and geomorphological
conditions [25,26], access to drinking water has become a daily concern for the popula-
tion [27,28]. According to REGIDESO [29], the access rate is around 61%, or approximately
16 L/day per person, which is well below requirements. In 2024, the average daily water
production for the city was around 32,000 m®/day [29] for an estimated population of over
2,000,000 inhabitants.

In Bukavu, neighborhoods are exposed to different water supply problems depending
on their geographical location, morphology, and the standard of living of their inhabi-
tants [30]. Despite the involvement of development actors (NGOs, donors, institutional
actors, private operators), the proportion of city dwellers who do not have access to water
services is still significant [31,32]. This is attributable to the fact that urban water and
sanitation services are still designed according to a conventional “top-down” model [33,34].
This system has not enabled universal access to water for all [19,35]. Indeed, the network
model in question is unsuitable for guaranteeing access to water services for all in the
current context of urban sprawl through housing developments and the establishment
of informal settlements in cities in the “global South” [36-38]. Today, with even more
widespread and rapid urban growth coupled with uncontrolled construction in Bukavu,
people are developing other strategies to access water services through various means.
Previous studies have addressed issues related to land rights and conflicts, land grabbing
in the city of Bukavu, urban growth and environmental change, and the assessment of
wastewater and excreta management in Bukavu [39-42]. These studies did not specifically
address the issue of water stress as a direct consequence of uncontrolled urban growth
in Bukavu. Other studies have focused on uncontrolled urbanization, wastewater and
excreta management, basaltic lava flows and population growth in some neighborhoods
of Bukavu [43—45]. None of these studies emphasized the role of state policies in urban
planning in understanding the problem of access to drinking water in Bukavu. In fact,
the urban sprawl of the city has consequences for the conventional provision of water
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services in terms of cost [46—48] and environmental preservation [49]. This urban sprawl
means that the main actors (REGIDESO, SNEL, etc.) involved in the provision of water and
electricity services are unable to meet the needs of the population, particularly those in
the outlying districts of Bukavu [50]. As a result, the inhabitants of these outlying districts
have to wait several years to benefit from a hypothetical extension of the water supply
network. Faced with this situation, we are seeing the emergence of strategies for accessing
water. This observation requires a systemic analysis that takes into account the various
manifestations of urban sprawl on water services, particularly urban governance and the
alternative solutions offered by institutional and non-institutional actors in Bukavu. This
study, therefore, aims to analyze the impacts of urban sprawl on the water network service
in terms of satisfaction, consequences, and alternatives on the one hand, and the actors
involved in supply on the other. The theoretical framework, characteristics of the study
area, methodology, study results, discussion, and conclusion are presented in succession.
Research on this topic provides us with answers to the impacts of urban sprawl on water
services in the city of Bukavu.

2. Materials and Methods

2.1. Study Area
2.1.1. Geographic Location

The city of Bukavu is located between 2°46' and 2°45' south latitude and 28°89’ and
28°79 east longitude. Situated at an altitude of over 1600 m, it is the highest city in the
Democratic Republic of Congo. Separated from Rwanda by Lake Kivu and the Ruzizi
River, it is administratively subdivided into three communes: Bagira (23.3 km?), Ibanda
(13.3 km?), and Kadutu (6.4 km?) (Figure 1). With more than 2 million inhabitants, it is
the seventh largest city in the country in terms of population after Kinshasa, Lubumbashi,
Kisangani, Mbuji-Mayi, Kananga, and Likasi [51]. The city of Bukavu covers an area of
approximately 62.88 km?, of which 43.17 km? is land and 19.71 km? is occupied by Lake
Kivu. The municipality of Bagira has four districts: Cahi (0.17 km?), Kasha (20.2 km?),
Lumumba (1.5 km?), and Nyakavogo (1.6 km?). The municipality of Ibanda is subdivided
into three districts: Ndendere (4.2 km?), Nyalukemba (4.7 km?) and Panzi (4.4 km?). The
municipality of Kadutu is the smallest but most densely populated, accounting for about
half of the city’s population. It comprises the districts of Cimpunda (0.4 km?), Kajangu
(0.9 km?), Kasali (0.4 km?), Mosala (0.7 km?), Nkafu (2.2 km?), Nyakaliba (1.5 km?) and
Nyamugo (0.3 km?) [24].

2.1.2. Climate, Soil, and Vegetation

The city is located within the western branch of the East African Rift, a seismically ac-
tive region crossed by numerous faults [52,53] and known to be prone to landslides [54-56].
With its steep slopes, mountainous terrain, deep clayey regoliths and Nitisols, alternating
layers of basaltic rock that have undergone varying degrees of weathering, and a humid
tropical climate, Bukavu is prone to numerous natural landslides [53,55,57].

The seasonal alternation between wet and dry seasons, combined with sometimes
contrasting vegetation cover and anthropization of the territory, promotes soil erosion,
which manifests itself in the form of large ravines with often unstable slopes [55,58,59].
The topography influences underground flows from the bedrock aquifers and surface
water [43,59,60]. The terrain slopes from northwest to southeast. The city has high-altitude
areas of over 2300 m near Comuhini and Ciriri and low-altitude areas of around 1460 m
near the Mukukwe Valley and along Lake Kivu.
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Figure 1. The city of Bukavu and its communes and neighborhoods. The city is located in South Kivu
Province, in the eastern part of the Democratic Republic of Congo.

The climate in Bukavu is tropical and humid, with two distinct seasons: a rainy
season from September to June and a dry season from July to August, characterized
by temperatures not exceeding 27 °C. Rainfall varies between 1500 and 1000 mm/year.
November is generally the wettest month, sometimes accounting for more than 40% of
the total annual rainfall. Rainfall records taken over several decades at the Bukavu station
show, in addition to significant interannual fluctuations, a general downward trend. The
city of Bukavu is crossed by an extensive hydrographic network [61,62]. In addition to
the rivers draining the watersheds, Lake Kivu provides the city with nearly 20 km? of
surface water.

2.1.3. Socio-Economic Situation in Bukavu

There is a diverse population in the city of Bukavu. All tribes and ethnic groups from
the province of South Kivu, if not the entire country, can be found in Bukavu. However,
the majority are the Bashi and the Rega [43]. In addition to the Bashi from neighboring
territories (Walungu and Kabare), the Rega, the Bembe (Mwenga, Shabunda, and Fizi),
the Havu from Idjwi and Kalehe, the Bavira (Uvira), the Nyindu, and the Batwa are
part of the population of the city of Bukavu. Added to this population are all the other
tribes from all corners of the country, foreigners, often from neighboring countries such as
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Rwanda and Burundi, and tourists and expatriates [63]. This often uncontrolled settlement
is characterized by increasing pressure on resources (state houses, roads, bridges, green
spaces, etc.) [25]. This dynamic has contributed to the emergence of informal settlements
on steep, often unstable terrain, exacerbating environmental risks (landslides, flooding,
erosion) [41,61,62]. Economically, Bukavu is dominated by a very active informal sector.
Small businesses, urban transport (motorcycle taxis), crafts, and peri-urban agricultural
activities form the basis of household income. However, the multidimensional poverty
rate remains alarming: more than 70% of the population lives on less than $1.40 per
day [50,64,65]. Structural unemployment, particularly among young graduates, affects
nearly 45% of young people between the ages of 18 and 35. The informal employment
rate exceeds 85% [66]. In terms of population, the urban part of the city has approximately
2,013,683 inhabitants [67]. It is characterized by a high proportion (60%) of young people
under the age of 25. Demographically, the city has a relatively higher number of women
(54%) than men (46%).

2.1.4. Water Organization and Service in the City of Bukavu

A more in-depth analysis reveals that the apparent unity of the city of Bukavu is
reflected in such diversity that one might say that every city is made up of several cities.
This is also the opinion of many authors. The city is a heterogeneous space, structured by
different social groups, customs, and temporalities, which translates into polycentricity
and urban multiplicity [68].

In Bukavu, all these elements tend to group together by affinity into individualized
clusters that form strata. Thus, the city of Bukavu is characterized by central administrative
subdivisions that were developed between 1928 and 1940 (1); the old planned cities or
Extra-Customary Centers developed between 1947 and 1958 (2); the peripheral adobe
neighborhoods that appeared between 1959 and after 1960 (3); unplanned peripheral areas
of self-built housing dating from 1975 and recent spontaneous peripheral neighborhoods
located in the city’s fourth ring. Although Bukavu is not a grid city based on Burgess’s
theory, which distinguishes four concentric strata at the city level [69], its organic structure
allows us to identify five strata based on neighborhoods. A neighborhood is defined as
a clearly delineated geographical space with a main function (residential, commercial,
or industrial), a social content (bourgeois, white, indigenous, mixed, etc.), an external
appearance (old, modern, traditional, collective, spontaneous, etc.), a pace of life linked to its
location (lively, central, peripheral, quiet), a parcel structure (formal, informal subdivision),
and finally an administrative criterion (whether or not it has a neighborhood leader) [70].

With regard to the city’s water supply, the water distributed by REGIDESO comes
mainly from the Murhundu plant through 10 reservoirs spread across the city’s three
municipalities. This plant is the main drinking water collection and treatment station for
the city of Bukavu. It dates back to the 1950s.

2.2. Methods
2.2.1. Sampling Campaign

Field visits consisted of observing city neighborhoods to learn about housing types and
drinking water infrastructure. Next, the Murhundu facilities were visited, including storage
tanks, pumping stations, springs, and standpipes. Information on the drinking water
distribution network and methods, and on water supply coverage in the context of urban
sprawl, was gathered from REGIDESO officials and public authorities. Subsequently, semi-
structured questionnaires were administered to household heads, covering demographics,
water sources, collection time and costs, and perceptions of water quality. Blocks were
selected based on urbanization level, population density, and diversity of water supply
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sources. All interviews were carried out in French or the local language, according to
respondent preference, following questionnaire translation and pre-testing. Households
surveyed had an average size of 6.8 people. A total of 655 households were sampled in
67 blocks for the survey. The overall sample size was calculated to ensure an absolute error
slightly above 0.05 with a 95% probability. The following formula was used to obtain the
minimum sample size:

2 xp(l—p)xdx (1+k)

Z
mﬂ

1)

where

e  nrepresents the total number of households to be surveyed;

e  t(a) is the value of the reduced centered normal distribution with a confidence thresh-
old of 1.96 for 95%;

e  pis the proportion constituting a variable of interest in the survey, set at 0.4, with
p(1—p)=0.24;

e  drepresents the sampling effect equal to 1.5;

o ma=0.062, the margin of error of the estimate;

e kis the non-response rate set at 0.1 (10%).

Thus, the overall sample size for all neighborhoods drawn is 655 households using
Formula (1). The survey was conducted in 67 blocks across the city’s 14 districts. At least
four blocks with at least six households were selected in each district. The 655 households
were distributed across the following districts: 17 in Cahi, 40 in Cimpunda, 39 in Kajangu,
50 in Kasali, 23 in Kasha, 40 in Lumumba, 44 in Mosala, 106 in Ndendere, 40 in Nkafu, 31 in
Nyakaliba, 54 in Nyakavogo, 63 in Nyalukemba, 38 in Nyamugo, and 70 in Panzi. The
sample from each neighborhood is distributed evenly according to the number of blocks in
the neighborhood. All households in each block are surveyed. In each household, the head
of the household is interviewed if present. If not, another member of the household over
the age of 15 is interviewed. Overall, 62% of respondents are male heads of household and
38% are female.

2.2.2. Determination of Spatial Evolution and Urban Settlement Islands in the City
of Bukavu

Determining the spatial evolution of Bukavu was facilitated by analyzing multi-
temporal Landsat satellite images obtained from the USGS website [71] for the years 1984,
1989, 2000, 2011, and 2024. Using QGIS (v3.44.2) tools, it was possible to detect, classify, and
map urbanized areas according to different periods by visualizing the extent of built-up
areas. Urban settlement clusters were determined using QGIS tools, including Raster
Calculator (integrated in QGIS 3.44.2), GRASS r.clump (GRASS GIS v7.9), SAGA Cluster
Analysis for Grid (SAGA GIS v8.4.0), and OBIA (Object-Based Image Analysis)(integrated
in QGIS 3.44.2). To define the population clusters themselves, supervised classification was
used to calculate the urban density index, facilitated by QGIS extensions such as Urban
Sprawl Metric and Shannon’s Entropy Index, and supported by the NDBI (Normalized
Difference Built-up Index) tools used in GoogleEngine (v0.1.5) [72]. All these tools enabled
us to vectorize built-up areas in order to extract population clusters and highlight them on
the map.

2.2.3. Determination of the Topographical Characteristics of the City

Various GIS (Geographic Information System) tools were used to determine the char-
acteristics of the terrain in the city of Bukavu. To determine the slopes (in %) and elevation
of the terrain (in m), a 30 m spatial resolution SRTM digital elevation model downloaded
from the Open Topography website [73] was used. Quantum GIS 3.6.1 software was
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used to extract the study area (Bukavu) from a masking layer of the city’s outline. The
slopes were then calculated and classified (from >5% to >30%) and the different altitudes
(from >1460 m to >2300 m). The detection of landslide scars, susceptibility assessment,
and risk evaluation were made possible through QGIS extensions such as SCP, SAGA,
GRASS, and InaSAFE. Roads, rivers, and the lake were extracted from existing shape files
for the DRC. The locations of various reservoirs in the city and water sources were collected
using an Etrex 64 GPS (Garmin Ltd., Olathe, KS, USA). The pipe routes were obtained
through georeferencing and digitization of REGIDESO distribution plans.

2.2.4. Assessment of Accessibility and Costs of Access to Water in Bukavu

The assessment of household accessibility to water points was based on the use of a
Pléiades image of Bukavu acquired via the National Institutional System for Shared Access
to Satellite Imagery (DINAMIS) [74]. This image provided the basic data for characterizing
urban morphology. First, the urban morphology was analyzed using the Urban Sprawl
Metric Toolset extension of Quantum GIS, which allows urban strata to be distinguished
according to build density, compactness, and spatial fragmentation. Secondly, actual
accessibility to water points was modeled using cost distance, which takes into account
not only physical distances but also topography, building structure, and traffic routes.
Unlike a conventional Euclidean measurement, this approach is based on recursive graph
optimization, defined by the following equation:

Fric(n) + Fric(x,y)

CostDist(x,y) = min,cyx,,)[CostDist(n) +d(n, x,y) x 3

I @

where

d(n,x,y) is the distance between cells.
Fric(x,y) and Fric(n) are the friction values representing movement difficulty.
N(x,y) denotes the neighboring cells of (x,y).

(Fric(n) + Fric(x,y))/2 corresponds to the average friction between two cells.

Equation (2) was used to convert the spatial structure and morphology of neighbor-
hoods into values for time and cost of access to water. The results aggregated by urban
stratum obtained using this method are presented in Section 3.

2.3. Tools, Data Processing, and Analysis

The survey database was analyzed using Microsoft Excel 2016, Minitab (v22.4.0), and
version 3.4.3 of R. This software also enabled us to produce graphs and tables. Logistic
regression was performed to assess the dependence of water stress on various spatial,
demographic, and physical factors. A significant effect was assessed at a probability
threshold of 0.06.

The variables studied concerned spatial change and its impacts, the role of the various
actors involved in the provision of drinking water services, and households’ strategies for
accessing these services. This information was supplemented by semi-structured interviews
using six interview guides. Spatial analyses were performed using Quantum GIS software
versions 3.6.1 and 3.26. The SCP (Semi-Automatic Classification), Cluster Analysis, Spatial
Analyzer, CDU Creator, USM toolset (Urban Sprawl Metric toolset), Area Weighted Average,
and other extensions facilitated image classification, centrality assessment, and stratum
delimitation. In summary, the main tools and software used for spatial analysis and image
processing, statistical analysis, graphing, and logistic regression are, respectively: Quantum
GIS 3.6.1 and 3.26 (1), Microsoft Excel 2016 (2), Minitab (3), RStudio (v2025.09.2) and
R 3.4.3 (4). All shapefile layers and Landsat datasets supporting this analysis are provided
in the Supplementary Materials.
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3. Results

3.1. Population Growth, Urban Sprawl, and Evolution of Planning Tools

The city of Bukavu has experienced rapid population growth for several decades,
leading to uncontrolled urban sprawl. Between 1980 and 2024, Bukavu’s population grew
from 280,000 to over 2 million, representing an average annual growth rate of 4.57% (Table 1,
Figure 2a,f). The urbanized area of Bukavu has expanded considerably, from less than
17 km? in 1984 to nearly 50 km? in 2024, exceeding the administrative boundaries of the
city as revised in 2014 (Figure 2f). This expansion was associated with a progressive
densification of the built environment throughout the different temporal intervals analyzed

(Figure 2a—f).

Table 1. Evolution of land use in the city of Bukavu (1980 to 2024).

Annual Growth

Average Density Proportion of Formal

Proportion of Informal

Year  Urban Area (ha) o) (Inhabitants/ha) Neighborhoods (%)  Settlements (%)
1980 1700 - 164.7 85 15
1984 1970 3.9 194.9 80 20
2000 2860 2.8 318.2 15 55
2015 3700 2.1 382.8 30 70
2020 4380 3.0 459.7 25 75
2024 >5000 >35 570 15 85
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Figure 2. Evolution of urbanized space in the city of Bukavu: 1984 (a); 1984 to 19 (b); 1989 to 2000 (c);
2000 to 2011 (d); 2011 to 2015 (e); 2015 to 2024 (f).

Diachronic analysis reveals that several periods of urban expansion are associated
with massive population movements linked to armed conflicts since the 1990s (Figure 2¢,d).
Bukavu’s administrative, educational, health, and commercial functions as the provincial
capital also contribute to its strong migratory appeal. The demographic data collected
indicate a birth rate of 3.8% in Bukavu. Over the same period, the annual population
growth rate reached 4.57%, which means that the total increase observed is greater than
the natural increase alone. This indicates a significant contribution from net migration
and demographic momentum. Such a growth rate represents a doubling of the population
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approximately every 16 years. Spatial data show an expansion of settlements towards
slopes, steeply sloping areas, and certain marshy areas. The urban sprawl observed over
the last three decades has led to an increase in the areas exposed to landslides, erosion, and
flooding (Figure 3a,b), also affecting essential infrastructure, including water and electricity
networks. The results indicate a theoretical access rate to drinking water of approximately

61%, with lower levels in peripheral areas and spontaneously urbanized neighborhoods, as
shown in Figure 3d.
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The data collected highlights a set of urban planning documents produced at various
key periods. The urban archives include an initial plan drawn up in 1927, followed by a
second document in 1947, and then other versions published in 1953, 1980, 1997, 2013, and
2021, respectively. A chronological analysis of these instruments reveals a succession of
regulatory frameworks aimed at spatial organization and urban development guidance.
Each document has its own structure, incorporating elements such as the division of urban
areas, land reserves, infrastructure proposals, land use principles, and territorial expansion
forecasts. The results also show that these different tools are characterized by varying
methodological approaches depending on the period. The oldest plans (1927, 1947, 1953)
are based mainly on zoning principles and the functional hierarchy of neighborhoods, while
the more recent versions (1980, 1997) incorporate more technical data on densification,
the polar organization of the city, and population growth prospects. The 2013 document
introduces new components related to structural infrastructure, natural risks, and the
management of sensitive areas. The 2021 plan is the most recent tool identified in the
corpus; it includes updated data on growth trends, priority development areas, technical
networks, and environmental constraints. Alongside these documents, several institutional
initiatives have been observed in recent years. The available data indicate the existence of
an Urban Development Master Plan (SDAU) and an Urban Reference Plan (PUR) developed
for the city of Bukavu. These two tools constitute operational frameworks designed to
organize the spatial development of the city, particularly with regard to the location of
facilities, the structuring of road networks, the management of residential areas, and the
integration of water, sanitation, and electricity networks. The information collected also
highlights the existence of several recent programs for the rehabilitation or improvement
of urban infrastructure. These interventions include the partial modernization of the
road network, the rehabilitation of drainage sections, the upgrading of certain hydraulic
installations, and the restoration of priority urban areas [17,66]. The data indicate that
these programs were initiated by various actors: central government, local administration,
technical partners, internationally funded projects, or public—private partnerships. The
sectors concerned vary according to the interventions, ranging from water and sanitation
services to community facilities and mobility infrastructure. In general, there has been
a continuous succession of planning tools and development initiatives over the last few
decades, documenting changes in Bukavu'’s urban framework and the various technical
interventions expected in the city.

3.2. Physical Conditions and Spatial Distribution of Water Services in Bukavu

The distribution of drinking water services in Bukavu is highly heterogeneous in
spatial terms. Municipal areas located in regions that are vulnerable due to geological and
geomorphological conditions have lower levels of service (Figure 4). Observations indicate
that certain parts of the urban area are exposed to phenomena such as earthquakes, land-
slides, erosion, or volcanic activity, consistent with the level of tectonic activity documented
in the region (Figure 3). In several urban areas, buildings are located on steep slopes or in
marshy areas, as indicated by elevation, slope, and land cover maps (Figure 3b—d).

Statistical analysis reveals a significant negative correlation between distance from the
city center and drinking water service coverage (r = —0.42, p < 0.05). Central neighborhoods,
notably Nyawera, Labotte, Mukukwe, and Pageco, have connection rates above 60%,
while peripheral neighborhoods such as Cahi, Cimpunda, Nyakaliba, Kajangu, and Ciriri
have rates below 20% in several cases (Figure 4). Field observations also reveal that the
distribution of water infrastructure is denser in areas close to the city center.

In Figure 4, consolidating spatial data shows that certain population centers are
characterized by high building density and unplanned urbanization, particularly in sloping
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areas. These areas coincide with zones where landslides have been recorded (Figure 3a,c).
In several cases, the historical landslides identified show a high recurrence in steeply
sloping areas (Figure 3a,b). The city is also located on the shore of Lake Kivu, whose deep
waters contain significant concentrations of dissolved gases, notably carbon dioxide (CO;)
and methane (CHy) [75,76]. Studies conducted on water quality in Bukavu indicate that the
chemical stability of Lake Kivu is a factor that may influence the groundwater in Bukavu
and Goma [77]. The results of analyses suggest that, in some cases, geophysical or chemical
disturbances in the lake could have a dangerous impact on groundwater resources, which
is particularly relevant given that these resources account for a significant proportion of the
urban water supply.
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Figure 4. Population clusters and water service by neighborhood in Bukavu.

3.3. Governance Challenges, Structural Limitations of the Service, and Alternatives for Access to
Water in Bukavu

The city of Bukavu faces several institutional constraints that directly affect the quality
and continuity of water services. The data collected reveal a lack of operational coordi-
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nation between local, provincial, and national levels of governance, which limits urban
planning and the implementation of interventions related to water and basic infrastruc-
ture. The departments responsible for land registry, urban planning, and housing have
limited material and financial resources. Testimonies collected report that several housing
developments are created without prior study or integration into an updated master plan.
This situation complicates the anticipation of water infrastructure needs. Procedures for
issuing land titles and building permits appear to be unsystematic, and exchanges between
technical services remain limited. The institutional officials interviewed pointed to the lack
of an operational urban policy framework to implement the strategies announced at the
national level. The data collected indicate that local financial allocations remain insufficient
to ensure regular maintenance of water infrastructure (Figure 5c,d) and to initiate projects
that keep pace with the city’s growth.

Figure 5. Vulnerability of the REGIDESO network: DN 300 pipe damaged by construction in Nfafu
(a); DN 450 pipe broken by landslide in Funu (b); butterfly valve clogged with debris in Nya-kavogo
(c); and secondary pipe destabilized by erosion in Kasha (d).

Nevertheless, there are notable community initiatives active in several neighborhoods.
These initiatives focus on improving access to water, installing sanitation facilities, and
certain housing-related actions. These actions are present in several densely populated
areas and are led by local committees, neighborhood associations, or resident groups.

In the city of Bukavu, there are recurring delays in the maintenance of existing facilities
and a low capacity to meet growing needs, particularly in expanding neighborhoods
(Tables 1 and 2).
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Table 2. Access, main source, and frequency of distribution by municipality.
Households Distribution
. Type of Estimated with Access to Main Source of
Neighborhood . . o 1. .. Frequency
Neighborhood Population Drinking Drinking Water
o (Days/Week)
Water (%)
Bagira Formal/Informal 467,874 64 Public network 5
Kadutu Informal/Formal 856,776 45 Wells/standpipes 3
Ibanda Formal/Informal 678,856 75 Public network 6

Data provided by REGIDESO indicates that the Murhundu plant, built in the
1950s with an initial capacity of 6000 m?/day, currently produces between 25,000 and
30,000 m?/day. This production is still below urban needs, estimated at between 70,000 and
72,000 m?/day, generating a deficit of more than 30,000 m?/day. In 2024, daily readings
show a decrease in production from 32,000 m?3 to 20,000 m3 [29]. Interviews confirm that
various technical measures have been considered, including expanding the plant, replacing
outdated pipes, and increasing supplies from secondary stations. The information gathered
also mentions a project to capture water from the Mpungwe River, financed by the AFD,
which is expected to provide an additional 25,000 m?/day.

Faced with the persistent shortcomings of the public water distribution network,
largely inherited from colonial infrastructure, households in Bukavu are mobilizing a
diverse set of alternatives to meet their daily needs. Household surveys reveal that 45%
of them depend on public standpipes (Table 2), with an average collection time of 45 min
(Table 3). Seasonal variations have been recorded, with the dry season marked by lower
pressure and longer collection times. Thirty-two-point-eight percent of households obtain
their water mainly from unimproved sources, rivers, lakes, or rainwater (Table 2). At
the same time, 43.7% say they use the parallel market, which is dominated by the sale of
mineral water, ice water in bags or used bottles, and distribution from cisterns or private
sources. Prices vary depending on the method of supply: a 20 L canister sells for around
200 FC, while a used bottle of ice water costs between 200 and 300 FC, with prices rising
during the dry season (Table 3). So-called “mineral” water is sold at around 2000 FC for
a 1.5 L bottle, while a 20 L jerry can cost 45,000 FC, including the cost of the container,
estimated at 40,000 FC; subsequent refills are charged at an average of 6000 FC. The results
also show that most of this “mineral” water is imported from neighboring countries (67%),
followed by products bottled within the city (8%), in the Kabare territory (15%), and in the
city of Goma (10%). Domestic strategies also include harvesting rainwater. This practice is
particularly widespread in Ndenedere (45%), Nyalukemba (23%) and Nkafu (12%), where
households have tanks that provide a few days’ worth of water during periods of shortage.
In other neighborhoods, such as Panzi, Bagira, Cimpunda, Kasha, and Ciriri, access to
water relies largely on collective use or sharing of community water fountains.

Table 3. Distance, time, price, and related diseases.

Correlation Average Time Distance Price
Distance 0.963

Price 0.124 0.066

Diseases 0.411 0.582 —0.431

3.4. Organic Urban Fabric, Land Insecurity, and Spatial Constraints on Households

The city of Bukavu is undergoing urbanization marked by informal development,
producing an organic urban fabric (Figure 4). Peripheral neighborhoods such as Cimpunda,
Panzi, Nguba, Karhale, Binamé, Mulengeza, Chai, etc., have an irregular configuration
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characterized by unregistered plots, the absence of functional zoning, and a poorly struc-
tured road network. This dense and fragmented urban morphology limits vehicle and
public service accessibility and complicates the extension or maintenance of water networks
(Figure 5a,c). In the field, several documented cases show that unregulated construction
and occupation of unstable sites have contributed to the destabilization of REGIDESO
pipes (Figure 5b,d).

The data collected indicate close interactions between land tenure insecurity and
conditions of access to water. Customary, administrative, and informal land tenure systems
overlap, leading to situations of parallel title holdings and persistent land conflicts. These
inconsistencies hinder urban planning and complicate the installation of drinking water
infrastructure. Poor regular connection to the drinking water network has been recorded
in areas where most households lack formal land titles. These households represent 68%
of dwellings located on the urban periphery and 74% of those established in informal
neighborhoods. These areas also have the highest population densities and the lowest
rates of water infrastructure coverage. Surveys indicate that 29.74% of households have
not established land titles for their plots. The main reasons cited are inheritance of the
land, the cost of the procedures, and administrative burdens. In addition, 4.03% of the
land declared has at least two parallel land titles, often associated with expropriation or
multiple sales. The results relating to occupancy status show a predominance of owners
(61.23%), followed by tenants (32.57%), co-owners (4.56%), and tenants living rent-free
(1.64%). Among tenants, surveys report frequent disagreements over the payment of
water bills, leading in some cases to the temporary disconnection of homes when bills are
not paid.

Statistical analysis of the measured variables reveals several significant relationships.
The correlation matrix (Figure 6, Table 3) indicates a very strong correlation between
distance traveled and average time to access water (r = 0.963), reflecting a simultaneous
increase in these two variables. On the other hand, the two correlations between distance
and price (r = 0.066) and between access time and price (r = 0.124) are weak, suggesting a
weak association between these dimensions. Health indicators show a moderate positive
correlation with distance (r = 0.582) and collection time (r = 0.411), while the correlation
between water price and the frequency of waterborne diseases is negative (r = —0.431)
(Figure 6, Table 3).
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Urban Sci. 2025, 9, 525

16 of 27

These results describe the statistical organization of water access conditions in differ-
ent neighborhoods of the city and highlight the measured relationships between supply
modalities, spatial constraints, and health indicators.

Spatial analysis also revealed a dense urban fabric (Figure 5), composed of irregular
plots where the land use coefficient is often equivalent to the footprint coefficient (Figure 3).
In these informally urbanized areas, water supply relies mainly on individual connections
to pipes located along tertiary roads. This type of organization is one of the main supply
mechanisms observed in these neighborhoods.

3.5. Health Impacts Related to the Lack of Drinking Water

In an urban context strongly marked by rapid population growth and unplanned ur-
banization, the city of Bukavu is facing increasingly severe water stress. This phenomenon,
defined as a situation where water demand exceeds available resources in terms of qual-
ity and quantity, has worsened in this lakeside city despite its immediate proximity to
Lake Kivu and numerous natural sources. The degradation of these resources, combined
with inadequate water infrastructure and institutional vulnerability, has had profound
health consequences, mainly affecting populations living in informal peripheral neigh-
borhoods [78,79]. The first manifestations of this water stress in the city are reflected in
a chronic shortage of drinking water. The results of this study showed that nearly 60%
of households in Bukavu do not have direct access to a source of drinking water within
a 500 m radius. This situation forces them to draw water from unsanitary sources, such
as polluted rivers, untreated lake water, or rainwater, exposing populations to serious
waterborne diseases.

Diarrheal diseases are now one of the leading reasons for visits to health centers
in the city [80-82]. This high prevalence of waterborne diseases is due not only to the
poor quality of the water consumed but also to the lack of water for hygiene purposes.
Our household surveys show that hygiene practices such as hand washing, cleaning
utensils, and bathing are often sacrificed in favor of vital needs such as drinking and
cooking. This trade-off greatly increases the risk of transmission of microbes responsible for
waterborne diseases [83]. Water stress in the city of Bukavu also has significant implications
for reproductive and maternal health. Pregnant women, faced with high water loads,
see their health deteriorate, and the risks of obstetric complications are increased by the
consumption of contaminated water. Children, who are particularly vulnerable, suffer from
chronic complications linked to repeated infections caused by unsafe water. In 2024, the
city of Bukavu faced a significant resurgence of waterborne diseases, particularly cholera.
According to consolidated data from provincial health facilities, the entire city was affected.
In Kadutu, a total of 1096 cases of cholera were recorded, with 17 deaths, representing
a fatality rate of 1.55%. The Ibanda health zone recorded 427 cases and 8 deaths (1.33%
fatality rate), while the Bagira health zone recorded 209 cases and 3 deaths (1.43%). Across
the city of Bakavu, this represents a total of 1732 confirmed cases and 28 deaths, for an
average case fatality rate of 1.61%.

Microbiological analysis of water sources, carried out in 2025 by local environmental
health teams, revealed alarming contamination in the outlying districts. Of 104 water
samples analyzed, 57.1% showed traces of Salmonella enterica, while 35.7% were positive for
Escherichia coli (E. coli) [83,84]. These were mainly located in unprotected natural sources
commonly known as “Bisola,” especially in the Nyamugo, Cimpunda, Panzi, Cariri, and
Nguba neighborhoods. These densely populated areas are characterized by the absence or
weakness of REGIDESO coverage, forcing the population to obtain water under precarious
conditions. The frequent proximity of latrines to sources, lakes, or rivers, sometimes less
than 10 m away, is a factor that aggravates fecal contamination of water [81,84]. The local
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health system, already fragile, becomes overwhelmed during epidemic outbreaks. Surveys
have shown that cholera often resurges during the dry season. The considerable decline in
supply forces the population to resort to untreated water from lakes or springs.

4. Discussion
4.1. Uncontrolled Urbanization and Inequalities in Access to Drinking Water

The distribution of drinking water in Bukavu illustrates a deep socio-spatial divide,
reflecting both the legacy of post-colonial infrastructure and the contemporary effects of
informal urban sprawl [78]. Some planned central neighborhoods benefit from a relatively
stable supply thanks to recently modernized infrastructure [79,85]. In contrast, peripheral
and informal areas remain largely excluded from the official network, relying on natural
sources, unprotected wells, or community fountains [42,86]. This inequality of access, which
makes supply unpredictable and seasonal, is not specific to Bukavu. Studies conducted
in Kinshasa, Nairobi, and Dar es Salaam have shown similar dynamics, where informal
neighborhoods face intermittent supplies, often contaminated water sources, and high
collection costs for households [17,87]. The socioeconomic implications are comparable
to those observed in other African cities experiencing rapid urban growth. The time and
effort spent collecting water particularly affects women and children, reducing school
enrollment and household economic participation. Households on steep slopes, ravines, or
swamps, and informal settlements face major logistical challenges in accessing water [78,88].
Dependence on community water points and unsafe sources leads to conflicts of use and a
sense of injustice, weakening the social fabric and trust in the authorities.

Informal urban sprawl in Bukavu complicates the technical and financial viability
of the REGIDESO network, a situation similar to that of water networks in the outskirts
of Maputo and Abidjan [11,68]. Investments remain concentrated in central and formal
areas, while expansion to peripheral neighborhoods is limited by high costs, non-payment
by subscribers, and lack of maintenance [66]. The effects of water scarcity in the city of
Bukavu confirm the findings of similar studies [11,12,38]. These studies state that water
scarcity in all its forms has a local impact on small processing, catering, and construction
businesses, which struggle to find the necessary volumes of water, thereby hindering their
development. Even initiatives to modernize the network and emergency interventions, such
as support from the ICRC, have a limited spatial impact, leaving peripheral populations
dependent on precarious and often contaminated supplies [82-84]. This situation highlights
the need for an integrated approach to urban water management, similar to what has
been successfully attempted in Ougadougou and Lubumbashi, where Integrated Water
Resources Management (IWRM) is used to plan distribution and protect sources [89,90].
Dependence on community water points and unsafe sources leads to conflicts of use and
a sense of injustice, weakening the social fabric and trust in the authorities. However,
in Bukavu, implementation is limited by institutional constraints and the difficulty of
including informal areas. The use of tools such as hydraulic modeling coupled with GIS
could help optimize the network and plan its expansion, but their application remains
insufficient. The indirect consequences of water stress are significant and multidimensional:
impacts on public health, food security, education, gender, and the local economy. These
effects reinforce a vicious circle of social exclusion and compromise the city’s prospects for
sustainable development.

In conclusion, the situation in Bukavu is not unique, but it illustrates the challenges
common to cities in the Global South: inadequate infrastructure, informal urban expan-
sion, institutional weakness, and socio-spatial inequalities. Sustainable solutions require
targeted infrastructure investment, source protection, neighborhood inclusion, and focused
collective action.
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4.2. Physical Constraints and Limited Spatial Reliability of the Drinking Water Network

The inability of the drinking water network to keep pace with rapidly growing demand
in Bukavu is the result of a complex combination of physical, historical, and institutional
factors. The horizontal expansion of the city, characterized by unplanned informal urban-
ization, has gradually distanced households from the supply network. This situation is
particularly pronounced in peripheral neighborhoods, where public network pipes are
poorly protected and exposed to erosion risks. This phenomenon is also observed in other
fast-growing African cities such as Yaoundé and Bangui, where studies have shown that
informal urban sprawl complicates water distribution, increases losses, and reduces net-
work efficiency [91,92]. The topography of the city is an aggravating factor. Peripheral
neighborhoods located on unstable hillsides, wetlands, or swamps require adapted pump-
ing and pressure systems to ensure sufficient flow. Pipes must also be secured against the
risks of erosion and landslides [30,54,55]. In Bukavu, several informal areas, notably Ciriri
and Panzi, illustrate these difficulties, where access to drinking water remains limited not
only by distance but also by the fragility of the infrastructure. Similar situations have been
observed in Addis Ababa, Bujumbura, and Zinder, where the combination of complex
terrain and rapid urbanization has contributed to the deterioration of services and the
contamination of water sources [93-95].

This structural mismatch between the existing network and the urban growth model
observed in Bukavu is reinforced by historical legacy [78,96]. The infrastructure, designed
during the colonial era, was sized for a population concentrated in planned central neighbor-
hoods. Population growth and the proliferation of informal neighborhoods have therefore
created a structural imbalance, with demand far exceeding distribution capacity. This
situation is exacerbated by the gradual deterioration of pipes, leaks, lack of maintenance,
and low subscriber solvency, limiting the resources available to maintain and expand the
network. In this context, the populations of peripheral neighborhoods remain marginalized
and exposed to health and environmental risks, such as landslides and flooding. These
disparities create a growing territorial divide between planned areas and informal neigh-
borhoods, with differing effects on the quality of life of residents. In well-served areas,
households can devote more time to productive activities and enjoy a healthy environment.
Integrated water resource management, promoted by the DRC’s Water Code, provides a rel-
evant framework for coordinating these efforts, but its implementation remains limited by
institutional constraints and the complexity of informal urbanization [22,59,87]. The active
involvement of communities in local management and securing alternative water sources
also appears essential to improving equity of access and strengthening urban resilience. In
short, the network’s inability to absorb growing demand is the result of a combination of
technical constraints, historical choices, and institutional limitations. Comparisons with
other African cities confirm that these challenges are structural and require multi-scale
solutions combining planning, investment, resource protection, and citizen participation.
Without these measures, peripheral populations will remain vulnerable and prospects for
sustainable development will continue to be compromised.

4.3. Institutional Governance, Operational Precariousness, and Low Service Resilience

Water sector governance in Bukavu appears to be one of the weakest links in the urban
water system. However, in the context of the city of Bukavu, demographic pressure and
unplanned urbanization would, on the contrary, require greater coordination. Institutional
fragmentation is a major obstacle. Responsibilities for resource management, monitoring,
planning, and protection are scattered among several structures that often operate in paral-
lel rather than complementarily. REGIDESO, as the main service operator, operates in an
environment where local authorities, provincial services, community actors, and technical
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partners intervene without a stable framework for consultation. This lack of coordination
leads to a dispersion of efforts and, consequently, a lack of coherence in the actions under-
taken. Studies conducted in cities such as Goma, Kinshasa, and Bujumbura show that this
fragmentation of governance is a recurring factor in the inefficiency of urban water man-
agement, especially when cities are experiencing rapid and uncontrolled growth [17,97].
In this uncertain institutional framework, the operational precariousness of the service is
an additional constraint. Financial resources remain well below what is needed, both to
ensure regular maintenance of the network and to anticipate failures or improve existing
equipment [66,85]. Allocated budgets are often absorbed by emergency interventions to
plug leaks, repair broken pipes, or restore distribution during severe shortages. The lack
of multi-year planning and sustainable financing keeps the service in a recurring cycle
of short-term management, where corrective actions systematically replace preventive
approaches. These findings corroborate the results of studies conducted in several other
parts of the DRC, notably Lubumbashi and Kinshasa, where the structural investment
deficit prevents public operators from engaging in ambitious technical and organizational
reforms, widening the gap between demand growth and distribution capacity [17,90,98].
This dynamic is accentuated by the weak technical and organizational capacities of the
local operator [99]. The lack of qualified personnel, the limited availability of suitable
equipment, and the absence of a modernized management system slow down incident
resolution and complicated network supervision [78,100]. Digital monitoring tools, which
are essential in complex and extensive networks, are still underused, limiting the ability to
anticipate outages and preventing the implementation of predictive management strategies.
In other African cities such as Kigali and Addis Ababa, the gradual integration of smart
management technologies, even on a small scale, has had a positive impact on reducing
losses and improving performance [93,101,102]. Their absence in Bukavu widens the gap
between the growing demand for reliable service and the actual capacity to provide it.

At the same time, land governance is a major obstacle to planning network extensions.
In informal settlements, the lack of a land registry, irregular plot sizes, and complex
occupancy statuses make it difficult to secure the right-of-way necessary for installing
pipes. This reality exposes infrastructure to the risk of destruction, private appropriation,
or illegal resale, creating an environment of great uncertainty for the operator [66,88]. Local
authorities, for their part, find themselves limited in their ability to enforce urban planning
standards, both because of political constraints and the influence of non-state actors present
in certain neighborhoods. In many other cities, such as Ouagadougou, Niger, and Nairobi,
these land tensions have been identified as one of the main obstacles to the expansion
of public services in urbanized peripheries without a master plan [13,103,104]. However,
weak governance is not only administrative or technical in nature; it is also part of a context
of institutional vulnerability. Stable structures, continuity of public policy, clarification of
responsibilities, and effective enforcement of regulations are fundamental conditions for
ensuring the resilience of an urban water service [104,105]. The system’s low resilience is
thus apparent in its vulnerability to environmental, political, or health crises. Episodes of
drought or falling river levels, such as those documented in Bukavu in 2024, have shown
that the network can quickly come under strain without emergency mechanisms in place
to ensure minimal service continuity. Similarly, cholera outbreaks have highlighted the
excessive dependence on ad hoc humanitarian interventions, which, although essential,
cannot replace a structured public policy. In a similar context, cities such as Lusaka and
Harare have demonstrated that institutional resilience depends as much on the strength of
infrastructure as on coordination capacity, reliable planning, and the availability of stable
financial resources [105,106].
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Overall, institutional governance, operational precariousness, and low service re-
silience are major obstacles to sustainable improvement in access to drinking water in
Bukavu. These factors, in close interaction with rapid urbanization and population growth,
create a system marked by vulnerability, reactivity rather than anticipation, and fragmented
decision-making that limits the capacity for long-term planning.

4.4. A Complex Relationship Between Urban Form, Land Tenure, and Health Risks

Health vulnerability in Bukavu is closely linked to the combination of urban mor-
phology, land dynamics, and water constraints. While the built density and irregular
configuration of plots have been described above, it is worth examining here how these
factors modulate the health exposure of populations and the resilience of the water network.

Peripheral areas, where urban planning is virtually non-existent and plots are infor-
mally arranged, are where health risks are concentrated. Households located on steep
slopes or in hydromorphic areas are not only more exposed to natural hazards (land-
slides, erosion) but also depend on vulnerable water sources. Frequent interruptions to the
network force people to resort to water from lakes, rivers, or untreated rainwater, which in-
creases the prevalence of diarrheal and enteric diseases. Recent health data from 2024 show
that these outlying neighborhoods are particularly affected: of 1732 confirmed cases of wa-
terborne diseases in the city, the majority are concentrated in Nyamugo, Cahi, Ciriri Mosala,
Nguba, Panzi, and Lumumba, with fatality rates ranging from 1.33 to 1.55% [80-82]. This
spatial concentration of disease reflects a cumulative phenomenon: high building density,
poor infrastructure, and exposure to contaminated sources. This situation is exacerbated by
the frequent proximity of latrines and the lack of treatment or protection of water sources,
creating a high-risk sanitary environment. Droughts reinforce this vulnerability: the drop
in the level of rivers supplying water production facilities, particularly in Murhundu, leads
to prolonged periods without running water in several neighborhoods, forcing populations
to resort to risky practices.

Beyond individual exposure, this situation reveals institutional and organizational
shortcomings. The fragmentation of responsibilities between distribution authorities, land
authorities, and health services limits the ability to anticipate risks and intervene effec-
tively [107]. Urban planning and land management, if they do not incorporate the technical
requirements of the water network, create a vicious circle in which informal urbaniza-
tion exacerbates health risks and isolated technical interventions have limited and often
temporary effects [108-110]. Thus, health inequalities are not only a function of exposure
to contaminated sources but also of the institutional and organizational context, which
shapes the resilience or fragility of infrastructure and populations. The most vulnerable
groups—children, pregnant women, and precarious households—suffer the most severe
effects [111,112]. Water stress reduces the amount of water available for domestic hygiene,
leading to compromises where hand washing and washing utensils are limited in favor of
direct consumption [109,113,114]. In children, this situation results in repeated infections
and nutritional complications, confirming the correlations established in other African
cities between urban density, diarrheal diseases, and child malnutrition [109,111]. Women,
for their part, bear increased burdens for water collection, with direct consequences for
their reproductive and obstetric health. This analysis also highlights the need for a multidi-
mensional approach to strengthen health resilience. Infrastructure improvements must be
accompanied by land tenure security and spatial planning, protection of water sources, and
the strengthening of hygiene practices. Interventions targeting vulnerable populations, par-
ticularly children and women, are essential to reduce the impact of waterborne diseases. In
addition, inter-institutional coordination, involving local authorities, distribution agencies,
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NGOs, and communities, is essential to create a governance system capable of responding
to crises and reducing inequalities in access.

Ultimately, water stress in Bukavu cannot be understood in isolation. It is the result of
a complex interplay between unplanned urbanization, land fragmentation, environmental
constraints, and institutional shortcomings, which translates into health impacts concen-
trated in the most vulnerable areas. The adoption of integrated strategies, combining urban
planning, land tenure security, resource protection, and strengthened health governance,
is imperative to stabilize access to water and sustainably reduce risks to the population’s
health. As the WHO, the UN [32,110], the Sustainable Development Goals (SDGs) and
other health standards [90,115,116] point out, access to safe water is not only a basic service
but also an essential determinant of human health.

5. Conclusions

The objective of this study is to understand the link between urban sprawl and
drinking water services in the city of Bukavu in the Democratic Republic of Congo. The
methodology used is based on direct field observation and the collection of quantitative
data at the household level as well as qualitative data. Statistical analyses and GIS were
used to process the data. This study shows that urban sprawl has major impacts on
access to drinking water in Bukavu. The population now doubles every 16 years, while
the city continues to expand into high-risk areas. Marked inequalities persist between
central and peripheral neighborhoods, with access rates falling below 20% in informal
areas. REGIDESO’s production remains far below demand, forcing many households to
use standpipes, unprotected sources, or the parallel water market. Average collection
times reach 45 min. Health risks increase in densely built and informal zones, where
land tenure insecurity and weak institutional capacity further aggravate vulnerability.
Contamination by Salmonella and E. coli confirms the severity of these risks. Statistical
analyses also reveal strong links between distance to water points, time spent fetching
water, and disease occurrence, highlighting the combined effects of spatial constraints
and service gaps on public health. Methodological limitations, including reliance on
self-reported data, exclusion of some peripheral areas, limited geospatial resolution, and
incomplete access to technical and cadastral data, constrain the generalizability of the
results. Nevertheless, the findings provide valuable insights for improving knowledge and
management of drinking water access in rapidly and informally urbanizing contexts. Future
research should integrate field data, remote sensing, hydrological modeling, and innovative
technologies, while strengthening urban planning and land management instruments.
Promoting integrated, multisectoral, and participatory strategies is essential to ensure
equitable and sustainable access to drinking water and reduce health vulnerabilities in
the city.
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