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Resumé

L'analyse morphométrique du bassin versant est un outil essentiel pour comprendre et évaluer les risques hydrogéomorphologiques.
Cette étude porte sur l'analyse des caractéristiques géométriques et hydrographiques du bassin versant de la Lukaya a l'aide des
techniques des Systémes d'Information Géographique (SIG). L’approche méthodologique réside essentiellement sur les calculs de
paramétres morphomeétriques, géométriques et hydrographiques dans un environnement SIG. L'objectif poursuivi est de fournir des
données hydromorphologiques utiles aux aménageurs, aux experts en génie civil et en réduction des risques de catastrophes d’origine
hydrométéorologique, afin de faciliter I'élaboration de plans durables d'aménagement du bassin versant de la Lukayare, la conception
d'ouvrages d'assainissement et de drainage, le dimensionnement adéquat des fondations d'ouvrages, ainsi que la prise de décisions
éclairées concernant la gestion du ruissellement pluvial. Les résultats révélent un bassin versant de forme allongée (KG = 1,9), une
variabilité spatiale de la pente, une faible densité du réseau hydrographique (Dd = 0,24 et F = 0,09), ainsi qu'un temps de concentration
prolongé des eaux de ruissellement. Ces résultats indiquent que ce bassin versant présente une faible vulnérabilité aux risques
hydrogéomorphologiques, notamment & I'érosion des sols et aux inondations. Cependant, la récurrence de tels phénoménes dans le
bassin versant pourrait étre exacerbée par son caractére semi-urbain et par une gestion des terres mal maitrisée.

Mots clés : Analyse morphométrique, risques hydrogéomorphologiques, bassin versant, SIG, Riviére Lukaya

Abstract

Morphometric analysis of the catchment is an essential tool for understanding and assessing hydrogeomorphological risks. This study
focuses on the analysis of the geometric and hydrographic characteristics of the Lukaya catchment using Geographic Information
System (GIS) techniques. It presents the results obtained through the calculation of morphometric and hydrographic parameters such as
catchment shape, topography, drainage density, and hydrographic network. The aim is to provide the useful hydromorphological data
to planners, civil engineering experts and experts in reducing the risks of hydrometeorological disasters, in order to facilitate the
development of sustainable plans for the catchment of Lukaya, the design of sanitation and drainage works, the proper sizing of structural
foundations, as well as informed decision-making regarding surface runoff management. The results reveal an elongated catchment
shape (KG = 1.9), spatial variability of slope, low drainage and hydrographic density (Dd = 0.24 and F = 0.09), accompanied by a
prolonged concentration time of surface runoff. These findings indicate that the catchment exhibits low vulnerability to
hydrogeomorphological risks, particularly soil erosion and flooding. However, the recurrence of such phenomena in the catchment may
be exacerbated by its semi-urban nature and poorly controlled land management.

Key words : Morphometric analysis, Hydrogeomorphological risks, Catchment, GIS, Lukaya river

1. Introduction risk of flooding, erosion, or mass movements (Baba-Hamed &

Bouanani, 2016; Mashauri et al., 2023). A catchment refers to
Morphometric analysis of catchments is an essential tool for a land area where topographic slopes direct surface runoff
understanding and assessing hydro-geomorphological risks. By toward a common outlet. It is subdivided into several sub-
examining the shape, size, and topographic characteristics of a catchments, representing tributaries of the main stream. The
catchment, it is possible to identify areas that are potentially at outlet of a catchment is the lowest point of the hydrographic

network through which all drained water converges. The
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catchment divide marks the boundary between adjacent
topographic catchments (Morell et al., 1999). Thus, all
watercourses - whether permanent or temporary - that
contribute to linear surface runoff form the hydrographic
network (Hocine et al., 2008). This network can exhibit a wide
range of patterns, largely influenced by four primary factors:
slope, geology, climate, and human activity (Xiaomin &
Sequeira, 2004).

In the context of increasing anthropogenic pressures and
heightened hydrological risks, the catchment of Lukaya
requires  precise  hydromorphological characterization.
However, the lack of integrated data from morphometric and
hydrographic analyses limits the effectiveness of flow
management and land-use planning initiatives. Therefore, the
core issue of this study is to determine how the use of GIS tools
for the geometric and hydrographic analysis of this catchment
can enhance the understanding of its hydrological functioning
and support decision-making for sustainable land management.

The hydrological study of catchments is crucial to
understanding how physiographic characteristics influence
streamflow regimes, particularly during flood and low-flow
periods (Baba-Hamed & Bouanani, 2016). It is therefore
essential to analyze the hydro-morphometric characteristics of
a catchment (Waikar & Aditya, 2014), as some of these
parameters exert a significant control on the velocity of surface
runoff. The physical factors of a catchment encompass
geological, geomorphological, hydrographic, hydrological, and
climatic attributes. Among these, morphometric and
hydrographic parameters play a key role in shaping surface
runoff dynamics. The response of a catchment to precipitation
is strongly influenced by morphological elements such as basin
size, relief, longitudinal slope, and orientation. Additional
factors include lithology, soil type, vegetation cover, and the
structure of the hydrographic network (Laabidi et al., 2016).

Traditional techniques for studying catchment physical
characteristics have been based primarily on manual methods,
which often produce inaccurate results (Bentekhici, 2006). For
instance, morphometric indices are generally derived from
basin area and perimeter, which are extracted using a
curvimeter for perimeter and a planimeter for area, based on
topographic maps. Errors related to instrument handling and the
inaccuracy of some maps propagate - and sometimes amplify -
throughout these operations and copies. Delineating catchments
and calculating their morphometric, hydrographic, and
hydrological characteristics (e.g., area, perimeter, elevation,
slope, velocity, and discharge) remain challenging due to data
scarcity. In the Democratic Republic of the Congo,
hydrological and limnometric stations have not been
operational for decades, and topographic maps offer limited
accuracy for this type of analysis. Consequently, data extracted
from such maps are often unreliable, introducing errors that
propagate with repeated use. For example, catchment shape
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indices are calculated using basin area (A). If the area value is
incorrect due to poor delineation, all indices derived from it will
inevitably be inaccurate. Unfortunately, several catchment
areas derived through this traditional method are
underestimated. This is the case for the Funa basin (Makoko &
Sedjabo, 1975). Such underestimation results from inconsistent
delineation relative to the accepted definition, which directly
affects index values. This concern is even more relevant today,
as digital elevation models (DEMs) and geographic information
system (GIS) tools allow for more accurate computation of
these parameters, even if their accuracy remains influenced by
image resolution (pixel size). Nevertheless, resolution-related
uncertainties are generally less significant than errors stemming
from manual catchment mapping and extraction (Bentekhici,
2006).

This study aims to analyze the catcment of Lukaya from a
hydro-morphometric perspective. The main objective is to
determine the physical characteristics that significantly affect
surface runoff and contribute to erosion and flooding risks.

To achieve this, the study adopts a geomatics-based
methodological approach to automatically extract the drainage
network and delineate the catchment using a DEM, in order to
quantify and analyze hydro-morphometric parameters for the
prevention of hydro-geomorphological risks in the Lukaya
basin. This approach has been successfully applied by several
authors (e.g.: Vogt et al., 2003; Bloch et al., 2004; Kuldeep &
Upasana, 2011; Tamll et al., 2011; Akawwi, 2013). The study
of hydro-geomorphological parameters is of undeniable
importance for the effective management of natural hazards
such as erosion and flooding (Bewket & Sterk, 2005; Kouame
Kassi et al., 2007; Kouame Kassi et al., 2011; Narmatha et al.,
2013; Makanzu Imwangana, 2014). With the development of
advanced tools such as GIS and remote sensing, it has become
increasingly feasible to determine catchment shape, relief, and
hydrographic typology in a more accurate and efficient manner
(Saidi, 2013), thus producing results closer to reality.

2. Materials and Methods
2.1. Study Area

The Lukaya River is one of the tributaries of the N’Djili River,
and its catchment therefore constitutes a sub-basin of the
N’Djili. The Lukaya catchment is located to the south of the
larger N’Djili basin, at the extreme southwestern edge of
Kinshasa city-province, and extends into the eastern part of
Kongo-Central Province. It covers an area of approximately
350 km2, lying between 4°25' and 4°46’ South latitude and
15°07" and 15°16’ East longitude. Administratively, it falls
within the Commune of Mont-Ngafula in Kinshasa city-
province, as well as Kasangulu territory in Kongo-Central
Province (Fig.1).
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Figure 1. Geographical location of the Lukaya catchment

The climate of the Lukaya catchment is classified as humid
tropical, corresponding to the Aw, climatic type in the Képpen
classification (Peel et al., 2007), characterized by a four-month
dry season and an eight-month rainy season. The mean annual
temperature is relatively uniform, averaging around 25°C. The
first and last rainfall events are estimated to occur around
September 15 and May 25, respectively, with a short dry season
typically observed between January and February, although it
is sometimes irregular (Makanzu Imwangana et al., 2023). Soils
within the Lukaya catchment, particularly in the Kimwenza
valley and Kasangulu, are acidic, with a pH below 5,
predominantly sandy, and low in organic matter. Regarding
other elements - nitrogen, calcium, magnesium, potassium, and
phosphorus - concentrations are very low (UNEP, 2016).

2.2. Materials used

A Digital Elevation Model (DEM) with a spatial resolution of
12.5 meters was employed to describe the morphological and
hydrographic characteristics of the catchment. Using the
functionalities of ArcGIS 10.8, it was possible to automatically
extract information related to catchment boundaries, elevations,
slope directions, and hydrographic networks.

2.3. Determination of Hydro-Morphometric Parameters
2.3.1. Characterization of the Physical Environment of the
Lukaya catchment

To characterize the physical environment of the Lukaya
catchment, various hydro-morphometric parameters were
calculated. In this study, three groups of parameters were
considered: geometric, topographic, and hydrographic. With
the DEM, the flow direction map was first generated using the
Flow Direction tool in ArcGIS. The Basin tool was then applied
to delineate the catchment boundary. The resulting boundary
data enabled the calculation of the catchment’s area and
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perimeter, which in turn facilitated the determination of the
Gravelius compactness coefficient (KG) - an indicator of
catchment shape (Musy, 2005). For certain applications, a
stylized catchment perimeter can be drawn by tracing its
contour (Musy, 2005). In this study, the calculation was
performed in a semi-automatic manner using GIS with ArcGIS
10.8, based on a DEM with a spatial resolution of 12.5 meters.

The purpose of characterizing the geomorphological
parameters of the Lukaya catchment is to render the physical
environment analytically measurable using mathematical tools
(Kisangala, 2008). The objective of characterizing relief form
parameters in this study is to make the physical environment of
the Lukaya River catchment amenable to mathematical analysis
(Kisangala, 2008).

2.3.2. Calculation of Parameters

e  Compactness Index (KG): The Gravelius compactness
index (KG) expresses the ratio between the perimeter
(P) of a catchment and the perimeter of a circle having
the same area (A). It is calculated as follows:

KG=—— ... (éq.1)

Where

KG = Gravelius coefficient;
A = catchment area (km?);

P = catchment perimeter (km).

e The equivalent rectangle was introduced by Roche
(1963) as a purely geometric transformation, in which
the lines parallel to the rectangle’s width are aligned
with the catchment outlet, such that the outlet
corresponds to the shorter side or width of the
rectangle (Baba Hamed & Bouanani, 2016). This
approach is particularly useful for comparing
catchments in order to assess the influence of their
geometric characteristics on runoff behavior. The
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length (Lr) and width (Ir) of the equivalent rectangle
are derived using the expressions presented in
Equation (2), which involve both the catchment area
(A) and the Gravelius compactness index (KG).

2
b= AR ()
2
KGAA ’ 1.12 .
1z 1- |1- (E) ] ........ (eq. 2)

Lr = length of the rectangle (km); Ir = width of the

rectangle (km).

Mean Altitude (Hmoy): The mean elevation (Hmoy)
is derived from hypsometric curves, and its
measurement provides a characterization of the
average height of the catchment. The mean elevation
of the Lukaya catchment was calculated using the
following formula (Eq. 3):

Aj.h;

Hioy = 225 . (éq. 3)

Where:

Hmoy: Mean elevation of the catchment (m)

hi = mean altitude between two contour lines [m];

A\ = area between contour lines [km?];

A = total catchment area [km?].

Mean Slope (Pmoy): The mean slope provides a useful
indication of the overland flow travel time, the time of
concentration, and directly influences the peak
discharge during a rainfall event. Several methods
have been developed to estimate the mean slope of a
catchment. All these methods rely either on reading an
actual or approximate topographic map or on using a
DEM. The method applied in this study consists of
calculating the weighted average of the slopes of all
elemental surfaces located between two given
elevations. An approximate value of the mean slope is
then obtained using the relation presented in Equation
(4), (Jabri, 2015).

AH Hmax-Hmin

Paverage = oo e (éq.4)

Where:

Pmoy: Mean slope of the catchment

AH = elevation difference;

Lr = equivalent rectangle length (km).

Specific Relief (Ds): Specific relief is used to
characterize catchment relief. It was calculated using
the global slope index and catchment area (Laborde,
2009):

Ds =ng\/S ........ (éq.5)

Where: Ds = specific relief (m); Ipg = overall slope
index (m/km); S = catchment area (km?).

Dubreuil’s Overall Slope Index (Ig): This coefficient
provides information on the runoff potential of a
terrain. It is expressed in m/km and is calculated as the
ratio between the useful relief (Dut, in meters) and the
length of the equivalent rectangle (L, in km). The
useful relief is extracted from the hypsometric curve
as the difference in elevation between two specific
points representing 5% and 95% of the total catchment
area. These elevations are denoted as H5% and H95%,
respectively. The useful relief thus corresponds to the
elevation range encompassing 90% of the catchment
area (Laabidi et al., 2016; Mardy et al., 2023).

ISSN (online): 3107-0949; ISSN (print): 3107-0930

140

Journal Africain des Sciences, VOL. 3, 1 (2026) 137-148

Table 1. Classification of relief types by ORSTOM/IRD

Relief Types Value of Dubreuil’s
Overall Slope Index (Ig)

Very low relief Ig <2 m/km

Low relief 2<lg<5

Moderately low relief 5<1g<10

Moderate relief 10<1g<20

Moderately steep relief 20<1g<50

Steep relief 50 < 1g < 100

Very steep relief Ig > 100

Source: ORSTOM/IRD (lgué, 1973)

e Stream Frequency (Fs): Stream frequency is defined
as the total number of all-order thalwegs per unit area.
A low value of this parameter (1 to 3.5) indicates that
streams are structurally controlled by fractures,
whereas a high value (4 to 10) reflects a steeper slope
relative to surface runoff (Kouedjou & Anaba, 2021).

e Torrentiality coefficient (Ct): The torrentiality
coefficient is defined as the product of drainage
density and the stream frequency of first-order
channels (Kouedjou & Anaba, 2021). It is calculated
using the relationship presented in Equation (6).Ct =
Dd*NI1/S.............. (éq. 6)

Where Ct = torrentiality coefficient; Dd = drainage
density; N1 = number of first-order streams; S =
catchment area.

o Infiltration number: The infiltration number is defined
as the product of drainage density and stream
frequency. It provides information on the infiltration
characteristics of the catchment (Kalaivanan et al.,
2014; Sanoussi Ibrahim Mahamadou & Mamadou,
2024.). High values indicate slow infiltration and
significant surface runoff (Kouedjou & Anaba, 2021).

e Time of concentration (Tc): The time of concentration
is defined as the time required for a water drop
originating from the most distant part of the catchment
to reach the outlet. It is calculated using the formula
presented in Equation (7), (Tarik EI Orfi, 2023) :

Te = 4VA +1.5%L

= m ............ (eq. 7)
Where L = equivalent rectangle length (km); Hmin =

minimum altitude (m); Hmean = average of altitude
(m); A = catchment area (km?).

3. Results and Discussion
3.1. Geometric Characteristics
3.1.1. Area and Perimeter of the Catchment

The area of the Lukaya River catchment was determined to be
350.7 kmz?, with a perimeter of 127.9 km. The basin area (350.7
km?), calculated from a 30m resolution DEM, is significantly
larger than that estimated in some previous studies (Musanga,
2019), which may influence future hydrological projections. In
morphometric analysis, the size of the watershed is of
paramount importance. This extent (350.7 km?) reveals a large
basin. Itis likely that the vast extent of the basin, combined with
its stretched shape, results in prolonged concentration times and
more complex hydrological dynamics (Faye, 2021).
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3.1.2. Compactness Index

The Gravelius compactness index is determined from a
topographic map by measuring the catchment perimeter and its
area. It approaches 1 for a nearly circular, compact catchment,
but exceeds 1 for an elongated basin. In the case of the Lukaya
catchment, the Gravelius compactness index was calculated as
follows:

127.94
—=1091
24/3.14x350.71

KG =
The compactness index value (KG > 1) reveals that the
catchment of Lukaya has an elongated shape. This particular
morphology results in a relatively long concentration time,
favoring a gradual flow of runoff. The elongation of the
catchment and the extended water evacuation time thus give the
hydrological system a certain natural stability with a reduced
risk of flooding. However, this stability in the catchment of
Lukaya is compromised by increasing anthropogenic pressures.

Indeed, the downstream part of the catchment, predominantly
semi-urban, is experiencing an unplanned expansion of built-up
areas and market gardening areas. These land use changes
locally modify infiltration and runoff conditions, increasing the
environment's sensitivity to rain erosion. This observation
corroborates the results of Kouassi et al. (2020), who showed
that uncontrolled human activities such as deforestation and
hillside cultivation are major factors in soil degradation in
humid tropical areas.

3.1.3. Equivalent Rectangle (Length and Width)

To enable comparisons between catchments in terms of the
influence of their characteristics on runoff, the concept of the
equivalent rectangle is introduced. It is assumed that, for a
given catchment, runoff behavior is approximately the same as
that of a rectangle with the same area, the same Gravelius
compactness coefficient, and the same hypsometric
distribution, under similar climatic conditions, with similar soil
distribution, vegetation, and drainage density. This is a purely
geometric transformation, in which the lines parallel to the
rectangle’s width are aligned with the outlet, which corresponds
to the shorter side or width of the rectangle.

By taking into account the perimeter (P), the Gravelius
compactness index (KG), and the catchment area (A), the
length (Lr) and width (Ir) of the rectangle can be determined as
follows:

_ 1,93 1122
Lr—./350,71.m[1 n /1- (E) ]

Lr =58.55 km
Ir= A/Lr
Ir=350.71/58.55= 6 km

The catchment length (Lr = 58.55 km) and the average width
(Ir = 6 km) confirm the elongated nature of the Lukaya
catchment. The length-to-width ratio (Lt/lr = 9.76) of the
Lukaya catchment clearly highlights its elongated nature,
reflecting a relatively slow hydrological response and water
flow spread over a longer period. This type of morphological
configuration promotes better natural regulation of flood flow,
unlike compact basins where precipitation converges quickly
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towards the outlet (Kouedjou and Anaba, 2021). These values
are comparable to those observed in several African basins of
similar size. For example, Kouame Kassi et al. (2007) obtained
lengths between 50 and 65 km for catchments in Ivory Coast
with a similarly elongated morphology, while Kouedjou &
Anaba (2021) reported average widths of 5 to 8 km in
catchments in the mountainous regions of Cameroon. Similarly,
Akawwi (2013) emphasizes that this elongated configuration is
typical of tropical basins in Central and West Africa, where
moderate slopes and geological structure control the flow
direction. These morphometric similarities suggest that the
catchment of Lukaya shares the same hydrological
characteristics as several other African basins subject to tropical
climatic regimes, marked by an intense rainy season. This type
of morphology favors a progressive flow of runoff water, thus
limiting flash floods but sometimes accentuating linear erosion
on slopes devoid of vegetation cover.

3.2. Topographic Characteristics

The influence of relief on surface water flow is significant, as
many parameters, including precipitation and temperature, vary
according to the altitude and morphology of the catchment
(Benzougagh et al., 2019). Additionally, the slope affects the
velocity of water flow (Bentekhici, 2006).

3.2.1. Hypsometric Zones of the Lukaya Catchment
The measurements of the topographic parameters of the Lukaya
catchment, along with the results of their descriptive statistical

analysis, are presented in Tables 2 and 3.

Table 2. Hypsometric zones, area fraction ai (% of A),
cumulative ai, and relief

Hypsometric
zones (m) Cumulative ai

(%) Relief di (m)

Area fraction
ai (% of A)

281 — 300

0,59 0,59 19

300 — 350

10,61 11,20 50

350 — 400

26,46 37,66 50

37,04

400 — 450

74,70 50

450 — 500

16,56

91,26

50

500 — 550

7,18

98,44

50

550 — 600

1,26

99,70

50

600 — 650

0,28

99,99

50

> 650

0,01

100,00

7

In this case, we will extrapolate to obtain the elevation values
corresponding to 5% and 95% of the total catchment area
(Dubreuil, 1974).
H5% falls within the range of 0.59% to 11.20% of the area.

059% <> 281m
10.61 { } 19 and 5% - 0.59% = 4.41%
11.20% € 300m

10.61%

—> 19mx4.41%/10.61% =7.89 m
H5% is calculated as: 281 m + 7.89 m = 288.89 m.
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H95% falls within the range of 91.26% to 98.44% of the area, ORSTOM (Laborde, 2009; Laabidi et al., 2016) reflects a
hence: topography that favors infiltration to the detriment of runoff.
91.26% <> 450 The relatively low drainage density (0.24 km/km?) could
7.18% { } 50 and 95% - 91.26% = 3.74% indicate significant natural infiltration given that the soil is
98.44% € 500 sandy (Moeyersons et al., 2015; Makanzu Imwangana et al.,
' 2025a). However, the loss of vegetation cover and unplanned
718% > 50mx3.74%/7.18% = 26.04m urbanization disrupt this infiltration capacity (Makanzu
3.74% - Imwangana et al., 2025b). This paradox is also observed in the
Mefou basin in Cameroon (Kouedjou and Anaba, 2021), where
Therefore, H95% = 450 m + 26.04 m = 476.04 m. urban pressure has reversed natural infiltration dynamics in
Useful relief (Dut) = H95% — H5% = 187.15 m favor of runoff. Similar studies in the Ganges basin in India and
H95% = elevation corresponding to 95% of the total catchment in the Awash region of Ethiopia (Bewket & Sterk, 2005) show
area (m), and H5% = elevation corresponding to 5% of the total that rapid anthropogenic transformations often lead to a
catchment area (m). decrease in the efficiency of the hydrographic network,
favoring linear erosion phenomena and flash floods. These
3.2.2. Relief Values of the Lukaya Catchment trends are corroborated in Morocco, in the Beht basin, by
Benzougagh et al. (2016), who noted an increase in torrentiality
Table 3 indicates that the global slope index (1g) is 3.19 m/km, linked to deforestation and changes in land use.
with a mean slope of 6.4%.
BV Dg Ipg | Ds Ip Hma | Hmi | Hm 3.2.3. Hypsometric Curve of the Lukaya Catchment
m. | x n
Value | 187.1 | 3.1 | 59.9 | 6.42 | 657 281 | 443, The effect of topography on a hydrograph is highly significant:
S 5 9 2 5 a steeper slope corresponds to a shorter concentration time of
runoff within the drainage channels. Relief is often
With Dg = total relief (m), Ipg = global slope index (m/km), Ds characterized by the hypsometric curve of the basin (Fig.2). On
= specific relief (m), Ipm = mean slope index (m/km or %), this curve, a given elevation is represented on the x-axis, while
Hmax = maximum elevation (m), Hmin = minimum elevation the y-axis indicates the portion of the basin area where each
(m), Hm = mean elevation (m). point has an altitude at least equal to that elevation. The
hypsometric curve is then established by planimetrically
The analysis of Table 3 reveals that the global slope index is measuring the areas corresponding to the definition of the
3.19 m/km, with an average slope of 6.4%. The maximum and ordinate for each contour line (Baba Hamed & Bouanani,
minimum elevations are 657 m and 281 m, respectively, with a 2016). This hypsometric curve can also serve as a reference for
total relief of 187.15 m. determining the H5% and H95% values in the calculation of the
basin’s global index.
The moderate relief (Ig = 3.19 m/km, Ds = 59.92) according to
120,00
3 100,00 & & * *
$ 80,00
5
g 60,00
8
E 40,00
[}
a8 20,00
0,00 ¢ S
o o =) o
g§ & 8 8§ 8§ 8 8 8 8
£ 8 8 g8 8 8 g g °
«~N o (3] n n
Altitude (in meters)

Fig.2. Hypsometric Curve of the Lukaya Catchment

This curve is established for different elevations of the areas
located above the corresponding contour line. Since most
meteorological and hydrological factors are functions of
elevation, it is therefore relevant to study the basin’s
hypsometry by elevation intervals. The hypsometric curve can
also be used to determine both the mean and median elevations.
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3.2.4. Characteristic Altitudes

Most of the indices are presented for illustrative purposes,
showing what can be done for a comprehensive catchment
analysis. For the purpose of this study, we limited the
assessment to the most characteristic and essential indices
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relevant to our research.

- The maximum and minimum elevations are obtained
directly from the topographic map. The maximum
elevation represents the highest point of the
catchment, while the minimum elevation corresponds
to the lowest point, generally located at the outlet.

- The mean elevation can be derived directly from the
hypsometric curve or from the interpretation of a
topographic map. The median elevation corresponds
to the elevation read at the 50 percent abscissa of the
basin’s total surface area on the hypsometric curve.
This value is close to the mean elevation when the
hypsometric curve of the catchment exhibits a regular
slope.

The mean elevation can be derived directly from the
hypsometric curve or from the interpretation of a topographic
map. In the present case, for example, considering the contour
lines at 339 m and 369 m, the area between the two contours is
Ai = 38.4 km?, while the mean elevation between them is hi =
354 m. Since the total area of the basin is known, the mean
elevation can then be calculated by referring to Table 1 for all
areas enclosed between the contour lines.

_ 39.27%350 92.8%400 129.9%¥450 58.08x500 25.17%550
Haverage— + +
350.71 350.71 350.71 350.71 350.71
+4-.4-4-*600 +1.05*650

350.71 350.71
Haverage = (39.19) + (105.84) + (166.68) + (82.81) + (39.47) +
(7.60) + (1.95) =4435m

The catchment of Lukaya is mainly dominated by intermediate
elevations (350-500 m, 90%), with few low-lying areas (281—
350 m, 5%) and high-lying areas (>500 m, 5%). This
distribution suggests a moderately inclined relief, favoring a
gradual flow of surface water. However, intermediate and high-
slope areas may be particularly vulnerable to rainfall erosion if
agricultural practices or urbanization modify the vegetation
cover. These results corroborate with the work of Kouedjou
Idriss & Anaba Banimb (2021) who showed that the catchments
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around Kinshasa also have a majority of intermediate areas with
moderate slopes, favoring a relatively slow flow of surface
water. Similarly, Kisangala (2008) reported that a dominant
relief dominated by intermediate altitudes in Congolese basins
leads to increased vulnerability to erosion on steeper slopes
when vegetation cover is altered.

To prevent soil erosion and degradation in the intermediate and
high-altitude areas of Lukaya, it is recommended to maintain or
restore vegetation cover and implement anti-erosion measures
on the steepest slopes. This would reduce downstream sediment
transport and protect infrastructure located in low-lying areas.

3.3. Hydrographic Parameters
3.3.1. Stream Network Hierarchy

We conducted an analysis of the hydrographic network
morphology to better understand the different types of drainage
networks present in the catchment of Lukaya. The results of this
spatial analysis are illustrated in Figure 3. The hydrographic
network of the Lukaya River catchment comprises at least 33
rivers and several streams, distributed into two main sections:
the upper course and the lower course. Stream coding was used
for automated data processing. Several classification methods
exist for stream segments, among which Strahler’s (1964)
classification was employed in this study. This classification
allows for an unambiguous determination of the drainage
network development from upstream to downstream. The
extraction of the hydrographic network according to Strahler’s
(1964) classification and the delineation of sub-catchments
were performed semi-automatically using ArcGIS software.
The hierarchical organization of the Lukaya catchment’s
hydrographic network highlights streams of order 1 to 4. Orders
1 and 2 correspond to small streams or the heads of sub-
catchments, while the Lukaya River is classified as order 4 at
the catchment outlet.
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Figure 3. Hierarchy of the Hydrographic Network According to Strahler’s Classification

By examining the map presented in Figure 3, it is evident that
the hierarchy of the Lukaya hydrographic network, according
to Strahler’s (1964) method, consists of 33 third-order streams.
The tributaries are generally organized in a dendritic pattern,
although local variations can be observed, where the network
may assume a parallel or rectangular configuration in certain
areas.

Analysis of the order of rivers, according to Strahler's
classification (1964), allows us to assess the hierarchy of the
hydrographic network and to characterize the drainage
structure, the degree of network branching, and the dynamics
of surface water flow. In the Lukaya watershed, the main river
(Lukaya River) is of third order, indicating a relatively young
organization of the hydrographic network, where erosion and
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sediment transport processes are expected to be moderate
(Roose, 1996). However, the density and hierarchy of the
network in the basin are influenced by human activities.
Deforestation, urbanization and unstructured agricultural work
favor the appearance of temporary channels or ravines,
artificially increasing the number of first-order watercourses
during heavy rains (Kouedjou Idriss & Anaba Banimb et al.,
2007), a phenomenon which contributes to the intensification
of linear erosion and the accumulation of sediments in the
downstream areas of the basin under study.

3.3.2. Stream Length and Longitudinal Profile
e Characteristic Length: A catchment can also be
defined by the length of its main stream. The main
stream length (L) is the curvilinear distance from the
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outlet to the catchment divide. In the case of a
branching, the measurement is extended along the last
branch to the topographic boundary of the catchment;
when the two segments at the branch are of the same
order, the segment draining the larger area is followed.
For the Lukaya catchment, the main stream length is
55 km, extending from Tampa Village in the
Kasangulu territory to N’Djili Kilambu.

e Profile of the Lukaya River: The Lukaya River
exhibits a pronounced incised hydrographic profile
(V-shaped profile) in its upper reaches, particularly in
the hilly areas where the slope is steep. Along the
middle course, the incision becomes less pronounced
from upstream to downstream. This explains the high
sedimentation observed in the middle course, as the
river’s slope decreases, making it shallower and prone
to occasional severe flooding, such as in the
Kimwenza Valley. Indeed, it is from this section that
flooding typically begins, extending downstream
toward the outlet at its confluence with the N’Djili
River.

e Hydrographic Density: Drainage density is defined
as the number of flow channels per unit area within a

catchment.
F=-—2_=0,09Km
350,71
Where:

- F: drainage density (km?)

- Ni: number of streams

- A: catchment area (km?)

- Drainage density
Drainage density, introduced by Horton (1945), is defined
as the total length of the hydrographic network per unit
area of the catchment:

Dd =22
A
Dd = 2858 _ o 24 Km/Km2
350,71
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- Dd: drainage density [km/km?]
- Li: stream length [km]
- A: catchment area [km?]

Drainage density depends on the geology (structure and
lithology), the topographic characteristics of the catchment,
and, to some extent, climatic and anthropogenic conditions. In
practice, drainage density values range from 3 to 4 in regions
where runoff has experienced very limited development and is
centralized, and can exceed 1000 in areas where flow is highly
branched with minimal infiltration.

According to Schumm (1999), the inverse of drainage density,
C = 1/Dd, is referred to as the ‘stream stability constant’.
Physically, it represents the area of the catchment required to
maintain stable hydrological conditions in a unit hydrographic
vector.

e Time of Concentration: This parameter represents
the time between the end of effective rainfall and the
end of runoff. It is a key parameter for characterizing
catchment behavior during and after a continuous
storm event (Kouedjou Idriss & Anaba Banimb,
2021). By applying the formula presented in the
methodology and substituting each term with its
respective value, the concentration time (Tc) for this
catchment is obtained as follows:

T 4,/58,6 +1.5*55
Cc =
0.8 x,/443,5 — 288

The concentration time of the Lukaya catchment is precisely 11
hours, 20 minutes, and 25 seconds. The conclusions regarding
the morphometric and hydrographic characteristics of the
Lukaya catchment are summarized in Table 4.

= 11,340350 hours

Table 4: Summary of the Geometric, Topographic, and Hydrographic Characteristics of the Lukaya Catchment

S P Ka Lr Ir Ig Dg | Ipm Ds Hsoo | Hosoe Dd F
Km? Km Km Km | m/Km m % (m) m m Km/Km2 | Km?
350.7 127.9 19 | 58.6 5.9 3.2 187 | 6.42 | 59.9 288 476 0.24 0.09

According to the calculations, the catchment of Lukaya has an
area of 350.7 km? and an estimated perimeter of 127.9 km. Its
Gravelius compactness index (KG) is 1.9, indicating an
elongated catchment shape. Consequently, as described by
Bentekhici (2006) in his studies on catchments, this catchment
is expected to exhibit low peak flood discharges, meaning it
should experience less frequent flooding during heavy rainfall
events. Unfortunately, factors such as land-use practices,
combined with topography and the effects of extreme weather
events, contribute to very high peak flood discharges in this
catchment.

The dimensions of the equivalent rectangle of the catchment
are: length (Lr) = 58.6 km and width (Lr) = 5.9 km (Table 4).
These values indicate that the rectangle’s length is 9.9 times
greater than its width. Furthermore, information derived from
altimetry aligns well with that of the equivalent rectangle,
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showing that a large portion of the catchment area lies at
elevations above 281 meters. This implies that the geometric
characteristics related to slopes and elevations of the catchment
can strongly influence surface runoff in the absence of adequate
soil vegetation cover.

The study area exhibits a specific relief of approximately 60 m,
a global slope index of 3.2 m/km, and an average slope of 6.4%.
These values indicate that the catchment is characterized by
moderate relief according to the ORSTOM classification
(Laborde, 2009; Laabidi et al., 2016). Regarding the
catchment’s hydrographic network, the drainage and
hydrographic densities are very low (Dd = 0.24 km/km? and F
= 0.09 km?), indicating a limited development of surface flow.

Compared with other catchments in the region of Kinshasa or
in similar tropical contexts (Kisangala, 2008; Kouedjou Idriss
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& Anaba Banimb, 2021; Makanzu Imwangana, 2014), the
catchment of Lukaya presents morphometric and hydrographic
characteristics typical of semi-urban basins affected by rapid
and poorly controlled urbanization. This study therefore
highlights that the hydrological risks in this catchment are less
linked to the intrinsic geometric shape than to the increasing
anthropogenic ~ pressure  (deforestation,  urbanization,
insufficient drainage network), which degrades the natural
hydrological regulation functions.

Finally, the limitations of this study lie mainly in the absence
of a chronological series of rainfall data and recent field
observations on urban evolution and the secondary drainage
network. A multi-temporal analysis supported by more recent
satellite data and the integration of hydrodynamic models
would make it possible to refine the results and better anticipate
future hazards.

Conclusion

The present study aimed to highlight the morphometric and
hydrographic characteristics of the catchment of Lukaya using
GIS. Analysis of the morphometric parameters indicates that
the Lukaya catchment exhibits an elongated shape (KG > 1) and
a moderate slope (5 < Ig < 10). Its hydrographic characteristics
are marked by low drainage and stream densities (Dd = 0.24
and F = 0.09), accompanied by a prolonged flow concentration
time. This situation appears to be related to relief features, soil
characteristics, and land cover types, notably the moderate
slopes, forest cover in the upstream area, and the sandy soil
permeability in the downstream part of the catchment.
Catchment-scale analysis revealed spatial variability in
topographic parameters. The combination of criteria such as the
Gravelius index, global slope index, drainage density, and
concentration time suggests that the Lukaya River catchment
exhibits a reduced vulnerability to hydrogeomorphological
hazards, particularly erosion and flooding. However, this
vulnerability is exacerbated by the semi-urban nature of the
catchment and poorly controlled land management. In this
context, the implementation of integrated basin management
actions, such as slope stabilization, targeted reforestation and
regulation of urbanization, is essential to preserve the
hydrological and ecological functions of the catchment.
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