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Abstract 

Urbanization profoundly modifies hydrological processes by altering natural drainage pathways, reducing infiltration, and 

increasing surface runoff volumes. In rapidly expanding cities such as Dakar, these changes are exacerbated by unplanned 

development and limited stormwater infrastructure. This study aims to assess the hydrological impacts of urbanization by 

implementing a rainfall–runoff model adapted to data-scarce environments. The model was calibrated using the limited 

hydrological and meteorological observations available, along with integrated spatial indicators representing both urbanization 

density and the modification of natural drainage directions. Simulations were carried out for identical rainfall events under  two 

contrasting land-use scenarios, corresponding to the years 1983 and 2018. The results reveal a marked increase in runoff levels 

and discharges at the watershed outlets, with amplification factors of 1.75 for watershed 1 and 2.75 for watershed 2. These results 

clearly demonstrate the intensification of surface runoff resulting from increased imperviousness and the densification of the 

urban fabric. Beyond the quantitative findings, this study highlights the strong relationship between urban growth, flood risk, and 

urban planning in African cities, where land pressure and informal development are particularly pronounced. The acquisition of 

additional rainfall–runoff measurements would help refine model calibration, reduce uncertainties, and strengthen the robustness 

and relevance of the proposed approach. 
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1. Introduction 

In West African cities, rapid and predominantly unplanned urbanization (Forget et al. 2021; Yuan et al. 2023), 

driven by population growth and the concentration of economic activities (Tabutin, Schoumaker 2020), 

accentuates hydrological risks, particularly flooding (Ramiaramanana, Teller 2021). In Dakar, this dynamic has 

led to extensive land artificialization, including in former natural drainage areas, often disregarding hydro-

morphological constraints (Ndiaye 2015; Diop et al. 2018). In the absence of adequate drainage infrastructure, 

these urban transformations have contributed to recurrent flood events in 2005, 2009, 2012, and 2020 

(Diedhiou et al. 2024a; 2024b; Diémé et al. 2024). The floods were further exacerbated by the intensification of 

extreme rainfall in the Sahelian zone (Taylor et al. 2017; Chagnaud et al. 2022).  

The link between changes in urban dynamics, alterations in hydrological response, and the increasing 

frequency of flooding has been the subject of various studies. Several recent studies provide empirical 

evidence to characterize these interactions. Among the major references, Tang et al. (2025) examine the 

respective contributions of urbanization and population growth to changes in urban flood exposure in a 



large Chinese city over the last decade (2010-2020). To this end, they apply the InfoWorks Integrated 

Catchment Modeling (ICM) tool, developed by Innovyze (Autodesk), to translate the physical evolution of 

the city (urbanization) into measured hydrological impacts (water levels, flooded areas), and then assess 

the consequences for residents by integrating census data. Their results show that in areas of rapid urban 

expansion, urbanization accounts for more than 97% of the increase in risk, while in already densely 

populated urban centers, it is mainly population growth that increases exposure. Another study in China 

highlights a significant increase in flow rates during the 2002-2013 urbanization period (Bian et al. 2020). 

The authors indicate that the flood magnitudes were higher than during the reference period (1986-2001), 

even for identical return periods. Using the HEC-HMS hydrological model coupled with GIS to analyze 

two land-cover states in Poland, corresponding to 1990 (before significant urbanization) and 2018 (period 

of rapid urbanization), Janicka and Kanclerz (2022) confirm the direct effect of impervious surfaces on 

hydrological responses and flood peaks. Finally, at the global scale, Cao et al. (2022) point out that urban 

exposure to flooding has been increasing steadily for more than three decades, and that this trend poses a 

major challenge for sustainable risk management in the context of rapid urbanization, regardless of climate 

variability. In a more recent study, Zhang et al. (2025) indicate that, according to projections, the North-

South gap in urban exposure to rainwater is likely to widen over the course of the century. 

In West Africa, studies on the quantitative assessment of the impact of urbanization on hydrological 

response remain scarce (Ongaga et al. 2024). Moreover, the absence or discontinuity of urban rainfall and 

hydrometric records is a major constraint for hydrological modeling (Djibo et al. 2023; Koch et al. 2025). 

In this context, semi-empirical approaches are particularly interesting for analyzing and managing urban 

runoff. They offer a relevant compromise between simplicity of implementation, parsimony of 

parameters, and robustness of results, while enabling the assessment of urbanization impacts on the 

hydrological response (Chahinian et al. 2023; Diémé et al. 2025). In addition, the growing availability of 

remote sensing data, combined with cadastral databases, now facilitates the spatialization of hydrological 

parameters (Ali et al. 2023), thereby improving the representativeness of simulations, even in 

environments characterized by strong spatial heterogeneity. From this perspective, the ATHYS modeling 

platform (L'ATelier HYdrologique Spatialisé, https://www.athys-soft.org/, last access 30 September 

2025), designed for hydrological analysis in both data-rich and data-poor contexts, was used to implement 

simple approaches based on conceptual models and also more detailed schemes relying on a distributed 

representation of parameters. The SCS (Soil Conservation Service) production model, applied to estimate 

surface runoff, was combined with the Lag and Route (LR) hydrological transfer model (Tramblay et al. 

2011). The study compares two contrasting land-cover conditions (1983 and 2018), subjected to the same 

rainfall forcing, to isolate the effect of urbanization on runoff dynamics and the spatial redistribution of 

flows. Two representative catchment areas in the city of Dakar were modeled using detailed cadastral, 

topographical, and rainfall data, providing a basis for analyzing the hydrological changes induced by urban 

expansion. 

https://www.athys-soft.org/


This work is structured in four parts. The first describes the study area and its main characteristics. The 

second presents the data used and their processing. The third part details the hydrological model selected 

and its calibration, while the fourth is dedicated to the presentation and discussion of the results, before 

concluding. 

2. Study area 

The study area is located on the outskirts of Dakar, within a context of rapid and dense urbanization over 

the past several decades (Sané 2013), which has significantly disrupted local hydrological functioning 

(Diop et al. 2018). The annual rainfall ranges from 400 to 600 mm (Mendy 2023) over predominantly 

sandy soils, with hydromorphic characteristics around low-lying areas linked to a shallow groundwater 

table (Faye et al. 2019). The flat topography, combined with predominantly sandy and highly permeable 

soils, naturally limits surface runoff; however, increasing imperviousness and the limited efficiency of 

drainage systems amplify runoff volumes (Schaer et al. 2018). Two small urban catchment areas (50-

107 ha) were selected to illustrate contrasting urbanization trajectories around the area. Catchment 1 

(Djidah Thiaroye Kaw) is characterized by dense urbanization that began in 1983 with the gradual 

occupation of former runoff channels and natural depressions. Catchment 2 (Mbede Fass) illustrates rapid 

informal urbanization since the 1990s and shows mixed urbanization (planned and unplanned) leading to 

the disappearance of wetlands (Fig. 1). 

 

Fig. 1. Location and urban context of the studied catchments. 

  



3. Data 

Three categories of data are used: (i) topographic data, (ii) land use data, which are used to define surface 

conditions and associated runoff coefficients, and (iii) rainfall data. 

3.1. Topographic data 

The topography of the catchments was characterized using a high-resolution Digital Elevation Model 

(DEM) with 1 m² spatial resolution (Fig. 2), derived from high-density airborne LiDAR surveys over 

Dakar. This DEM, acquired within the framework of the Integrated Flood Management Project in Senegal 

(PGIIS) and provided by the Directorate for Flood Prevention and Management (DPGI), offers a detailed 

representation of micro-relief features. It was used for extracting drainage directions, whether natural or 

altered by urban developments (Diémé et al. 2022) and as a basis for implementing the surface runoff 

simulation model. 

 

Fig. 2. Altitude distribution within the two catchments. 

3.2. Land use data 

Urban development was analyzed using land-use data from 1983 and 2018. For the 1983 reference state, 

the urbanization rates of the two catchments were estimated from city topographic maps (IGN, scale 

1:25,000) and available aerial photographs, using visual interpretation and digitization of built-up areas. 

Although these historical maps do not allow a detailed characterization of urban density, they provide a 

sufficiently reliable representation of the spatial extent of urbanized areas, estimated at less than 20% in 

watershed 1 and less than 10% in watershed 2. For the 2018 situation, the analysis relied on cadastral data 

from the Dakar urban database provided by the DPGI. These building-level data were aggregated to the 

urban block scale to quantify built-up density within the urban blocks of each catchment. Density rates, 

defined as the ratio of built-up area to total block area, averaged 58% in watershed 1 and 55.2% in 

watershed 2 (Fig. 3). 



 

Fig. 3. Land use in 1983 and current urban density. 

 

Fig. 4. Double-triangular hyetograms derived from Dakar IDF curves. 

3.3. Rainfall data 

Rainfall data were derived from Intensity–Duration–Frequency (IDF) curves established for Senegal by 

Diedhiou et al. (2024a), based on sub-hourly (5-minute) rainfall series spanning several decades. These 



new curves provide a finer resolution than the hourly curves previously produced by Sane et al. (2018), 

allowing for a more accurate characterization of extreme rainfall variability in Dakar. In this study, a 100-

year return period was selected, representing a rare but hydrologically plausible event, relevant for both 

long-term planning and in the context of increasing extreme precipitation frequency. Using this basis,  

4-hour double-triangular 4-hour storms were generated following the Desbordes method (Desbordes, 

Raous 1980), consistent with the total duration of regional convective rainfall events (Tadesse, 

Anagnostou 2010). Three characteristic durations of maximum intensity – 10 min, 30 min, and 1 h – 

were generated (Fig. 4) to cover a relevant range of temporal scales for urban hydrological modeling. 

4. Method 

A distributed hydrological model (SCS-LR) was applied that integrates runoff production and transfer 

processes within natural and urban units and is then calibrated using available observations to estimate 

flows. 

4.1. Model overview 

4.1.1. Runoff production model 

The SCS model (equation 1), widely applied in urban contexts (Meng et al. 2019; Nguyen, Bouvier 2019; 

Nielsen et al. 2025), is used to simulate the rainfall–runoff transformation process (Bouadila et al. 2023) at 

a high-resolution grid scale of 1m². For each grid cell in the catchment, infiltration and runoff capacities 

were assigned based on soil type and urban density. The model relies on two parameters: the initial 

abstraction Ia (mm) and the maximum retention capacity S (mm). Ia is considered equal to 0.2S, which 

allows runoff Q (mm) for each grid cell to be computed as follows: 

𝑄 =  
(𝑃−𝑂,2.𝑆)2

𝑃+𝑂,8.𝑆
              𝑃 > 0,2. 𝑆 ;  𝑖𝑓 𝑛𝑜𝑡 𝑄 = 0 (1) 

where Q is the runoff (mm), and P is the net rainfall (mm).  

To account for the temporal evolution of rainfall intensity, a dynamic formulation (equation 2) (Gaume et 

al. 2004), was applied to each grid cell with a time step of 5 minutes, considering the spatial variability of S 

in relation to urban conditions: 

𝑃𝑒(𝑡) = 𝑃𝑏(𝑡). (2 −
(𝑃(𝑡)−𝑂,2.𝑆)

𝑃(𝑡)+𝑂,8.𝑆
) (

𝑃(𝑡)−𝑂,2.𝑆

𝑃(𝑡)+𝑂,8.𝑆
) (2) 

where Pe(t) represents the runoff produced at time step t (mm/h), Pb(t) is the intensity of the rain at 

time t (mm/h), and P(t) is the cumulative rainfall at time t, since the start of the storm (mm). S is the only 

model adjustment parameter. 

  



4.1.2. Runoff transfer using the Lag and Route (LR) model 

Runoff computed by the SCS model was routed to the catchment outlet using the LR model (Tramblay et 

al. 2011; Nguyen, Bouvier 2019). Each grid cell produces an elementary hydrograph, and the sum of these 

hydrographs constitutes the total catchment at the outlet. The transfer time (equation 3) is defined as: 

𝑇𝑚 =  𝐿𝑚/𝑉𝑜 (3) 

where Lm is the distance to the outlet and Vo is the average velocity, while wave diffusion (equation 4) is 

given by: 

𝐾𝑚 =  𝐾𝑜. 𝑇𝑚  (4) 

with Ko as the proportionality coefficient. The hydrograph (equation 5) produced by the grid mesh m and 

the effective rainfall Pe(to) at each time is expressed as: 

𝑄(𝑡) =
𝑃𝑒(𝑡0)

𝐾𝑚
 𝑒𝑥𝑝 (

𝑡−(𝑡0+𝑇𝑚

𝐾𝑚
)  𝐴              if 𝑡 > 𝑡0 + 𝑇𝑚  and  𝑄(𝑡) = 0 if not (5) 

where A is the grid cell area. The LR model has the advantage of being numerically stable with respect to 

grid size and time step. It was applied at a resolution of 1 m² with a 5-minute time step. The calibrated 

parameters of both the SCS and LR models allow for the assessment of urbanization impacts on surface 

runoff height and outlet flow hydrographs.  

4.1.3. Simulation scenarios 

Two contrasting land-use scenarios were simulated: 

• Scenario 1 (1983): Land use based on IGN mapping, representing predominantly permeable soils with 

low built-up coverage. 

• Scenario 2: Land use based on 2018 cadastral data, characterized by high urban density, increased 

impervious surfaces, and encroachment of former wetland areas. 

Both scenarios were subjected to the same rainfall event – a rare, 100-year return period storm – to 

directly compare the hydrological impacts of urban development. 

4.2. Model calibration 

4.2.1. Calibration of the runoff production model  

The calibration of the hydrological model was carried out in two steps : (1) Direct measurements of soil 

moisture (Diémé 2023) were used to estimate infiltration rates of Dakar’s sandy soils through inverse soil 

moisture modeling (Le Bourgeois et al. 2016) and Hydrus 1D simulations (Šimůnek et al. 2016). These 

analyses confirmed their high permeability, as previously highlighted by (Diémé 2023); (2) runoff 

coefficients (CR) were then evaluated for different rainfall events using data from the only available 

experimental catchment in Dakar, Fann Mermoz (Bassel et al. 1994; Bassel, Pépin 1995), which is 20% 



urbanized. According to (Diémé et al. 2025), these coefficients are 10%, 20%, and 30% for rainfall of 40, 

78, and 150 mm, respectively, confirming that non-paved, highly permeable soils generate very little 

runoff. Consequently, the built-up coefficient for the watershed was equated to the runoff coefficient 

associated with a 78 mm rainfall, corresponding to a decennial event in Dakar (Sane et al. 2018; Diedhiou 

et al. 2024a). Adjusting the SCS model parameter S to 117 mm allowed reproducing the observed 

behavior in the reference watershed (Diémé et al. 2025). Subsequently, S values were computed for 

different built-up density classes using the following equation (Equation 6): 

𝐶𝑅 =
𝑄

𝑃
=

(𝑃−0.2𝑆)2

𝑃.(𝑃+0.8𝑆)
 (6) 

Where P is the 4-hour ten-year rainfall height, i.e., 78 mm. At the scale of the studied catchments, these S 

values were generalized and assigned according to urban density classes in both scenarios (Table 1). 

Table 1. The S values obtained after adjusting the SCS model 

Urban density classes (%) Runoff coefficient (ten-yearly) S values 

20 20 117 

40 40 67 

60 60 35 

80 80 15 

100 100 0 

4.2.2. Calibration of the routing model 

Because of the dependency between theVo and Ko parameters, the parameter Ko was set to 0.7, a 

commonly used empirical value (Bouvier et al. 2017). The parameter Vo was determined from historical 

data from the Fann Mermoz experimental catchment (Bassel 1996). The lag time (Tr; between the center 

of gravity of runoff and that of rainfall) was estimated at 30 minutes, corresponding to the centroid grid 

cell of the urbanized area, located 1.2 km from the outlet (Diémé et al. 2025). The velocity Vo (Equation 

7) is then calculated as: 

𝑉𝑜 =  1.7
𝐿𝑚

𝑇𝑟
= 1.1 m/s (7) 

This value, obtained for the reference catchment, was applied to the studied catchments, considering that 

the slight variation in slopes makes this approximation representative for all rainfall events. 

5. Results and discussion 

Both land-use scenarios were subjected to the same rare-event rainfall hyetogram (100-year return period) 

to isolate the effect of urbanization changes on the two catchments. Model outputs include simulated 

water depths for each natural or urban grid cell (Fig. 5) as well as flow hydrographs computed at the 

catchment outlets (Figs. 6 and 7). 



The results highlight a significant increase in surface water level per urban density block. The magnitude 

of this increase, which varies according to urban density, can be explained mainly by the increase in 

impervious surfaces, which reduces infiltration capacity and amplifies surface runoff. 

 

Fig. 5. Spatial distribution of runoff water levels before and after urbanization for a 100-year return period rainfall 

event (54.4 mm), with a total duration of 4 hours and peak intensity concentrated over 30 minutes.  

In both catchments, peak flows in the hydrographs increased significantly between the two land-cover 

states of 1983 and 2018 (Figs. 6 and 7). For a 4-hour rainfall event with a 30-minute peak intensity, 

catchment 1 exhibits a peak flow rising from 3.29 to 5.75 m³  s-¹, an increase of approximately +75%, 

corresponding to a factor of 1.75. The larger catchment 2 shows an even more pronounced rise, with peak 

flow increasing from 7.97 to 21.9 m³ s-¹, or nearly 175% (factor 2.75), almost three times the flow of the 

natural scenario. This amplification is directly linked to urban development: the urbanization rate in 

catchment 2, below 10% in 1983, reached 55% in 2018, demonstrating that urban expansion has strongly 

intensified flows, accelerated surface runoff, and contributed to increased flood risk.  

The results indicate that urban growth substantially amplifies flood risk in Dakar’s urban watersheds. They 

provide a quantitative framework for evaluating the influence of urbanization on flood vulnerability, 



underscoring the importance of incorporating stormwater management in urban planning, conserving 

natural retention zones, and deploying suitable drainage systems, including nature-based solutions. 

 

Fig. 6. Comparison of hydrographs for a 10-minute peak intensity of a 100-year return period rainfall event (29.5 mm). 

 
Fig. 7. Comparison of hydrographs for a 30-minute peak intensity of a 100-year return period rainfall event. 

5.1. Validity of the approach and limitations 

The use of reconstructed historical data (1983) allows visual representation of past land-use states, though 

their reliability is limited by the precision of surveying techniques of that period. Nevertheless, the 1983 

map of Dakar used here provides sufficient resolution and accuracy, supporting its use alongside current 

cadastral data. Extending this approach to the entire city could enable the spatial delineation of runoff-

generating areas, identification of zones with the highest surface water levels, and assessment of outlet 

flows across catchments. Such a spatial analysis could be used to identify the distribution of impervious 

and pervious areas, and the resulting hydrological variability associated with land use (Ongaga et al. 2024; 

Dell’Aira, Meier 2025), topography, and imperviousness dynamics (Gong et al. 2023). In the context of 

Dakar, the availability of rainfall data from the meteorological radar recently installed in the city would be 

an asset for implementing this approach, providing high spatial resolution, improving the representation 



of intra-urban precipitation and runoff variability. Furthermore, instrumenting and regularly monitoring 

selected urban catchments would provide essential field data for calibrating and validating the applied 

hydrological models (Chahinian et al. 2023) and for capturing local processes not resolved by spatial data 

alone. This approach would enhance the reliability of results and facilitate the development of predictive 

tools, such as future climate scenarios and prospective analyses, tailored for urban stormwater 

management. Specifically, this proposed approach provides a relevant framework for quantifying the 

impact of urbanization on runoff generation, especially modifications of drainage directions induced by 

anthropogenic alterations (Diémé et al. 2022) and the spatial distribution of imperviousness surfaces. 

These capabilities represent a notable advantage over other modeling approaches commonly applied in 

urban contexts, which tend to simplify or neglect such changes (Ferrans , Temprano 2023; Tamm et al. 

2023), making it a relevant tool for evaluating runoff and flood risk in cities . 

6. Conclusion  

This study aimed to evaluate the impact of urbanization on surface runoff in Dakar ’s peri-urban areas 

using comparative hydrological modeling for two distinct land-use periods (1983 and 2018) under identical 

rainfall conditions. The results indicate that intensified urbanization substantially increases water levels and 

peak flows, in some cases doubling the values computed under natural conditions. These impacts are 

closely linked and driven by extensive impervious surfaces, the disappearance of natural infiltration zones, 

and the unplanned occupation of wetlands. This study provides the first differentiated quantification of 

urbanization effects on flood exposure at the scale of small catchments, highlighting the need to 

incorporate hydrological considerations into urban planning in Senegal and other rapidly urbanizing 

African cities. In many parts of the world (e.g., EU Floods Directive, Low Impact Development in North 

America, and China’s Sponge City policy), hydrological simulations are already used to support urban 

planning decisions and flood risk management, whereas such tools remain seldom integrated into planning 

practices in rapidly growing African cities. The fine-scale, scenario-based modeling approach proposed 

here is valuable for assessing impacts and guiding planning toward sustainable solutions. Overall, the study 

emphasizes the urgent need to rethink urban development with a focus on hydrological resilience, using 

accessible simulation tools and locally relevant data. In data-scarce urban contexts such as Senegal, the 

proposed approach should be viewed as a progressive framework, whose robustness can be strengthened 

through targeted field measurements, monitoring of selected representative catchments, and regular 

updating of spatial urban data. 

References 

Ali M.H., Popescu I., Jonoski A., Solomatine D.P., 2023, Remote sensed and/or global datasets for distributed hydrological 

modelling: A review, Remote Sensing, 15 (6), DOI: 10.3390/rs15061642.  

Bassel M., 1996, Eaux et environnement à Dakar-Pluies, ruissellement, pollution et évacuation des eaux. Contribution à l’étude 

des problèmes d’environnement liés aux eaux dans la région de Dakar, PhD Thesis, Département de Géographie, available 

online at https://www.documentation.ird.fr/hor/fdi:010012652 (data access 27.02.2026). 

https://www.documentation.ird.fr/hor/fdi:010012652


Bassel M., Pépin Y., 1995, Pluies, ruissellement, évacuation et qualité des eaux sur le bassin versant de Mermoz-Fann : 

Contribution à l’étude des problèmes d’environnement liés aux eaux dans la région de Dakar: rapport de campagne 1995: 

bassin versant urbain de Dakar, ORSTOM, 59 pp., available online at https://www.documentation.ird.fr/hor/fdi:010010028 

(data access 27.02.206). 

Bassel M., Pépin Y., Thiébaux J.P., 1994, Rapport de campagne 1994: Bassin urbain de Dakar, ORSTOM, 66 pp., available online 

at https://www.documentation.ird.fr/hor/fdi:010020660 (data access 27.02.206). 

Bian G., Du J., Song M., Zhang X., Zhang X., Li R., Wu S., Duan Z., Xu C.-Y., 2020, Detection and attribution of flood 

responses to precipitation change and urbanization: A case study in Qinhuai River Basin, Southeast China, Hydrology 

Research, 51 (2), 351‑365, DOI: 10.2166/nh.2020.063. 

Bouadila A., Bouizrou I., Aqnouy M., En-nagre K., El Yousfi Y., Khafouri A., Hilal I., Abdelrahman K., Benaabidate L., Abu-

Alam T., Stitou El Messari J.E., Abioui M., 2023, Streamflow simulation in semiarid data-scarce regions: A comparative study 

of distributed and lumped models at Aguenza watershed (Morocco), Water, 15 (8), DOI: 10.3390/w15081602.  

Bouvier C., Chahinian N., Adamovic M., Cassé C., Crespy A., Crès A., Alcoba M., 2017, Large-scale GIS-based urban flood 

modelling: A case study on the City of Ouagadougou, [in:] Advances in Hydroinformatics, [eds.: P. Gourbesville, J. Cunge, G. 

Caignaert], Springer, 703‑717, DOI: 10.1007/978-981-10-7218-5_50. 

Cao W., Zhou Y., Güneralp B., Li X., Zhao K., Zhang H., 2022, Increasing global urban exposure to flooding: An analysis of 

long-term annual dynamics, Science of the Total Environment, 817, DOI: 10.1016/j.scitotenv.2022.153012.  

Chagnaud G., Panthou G., Vischel T., Lebel T., 2022, A synthetic view of rainfall intensification in the West African Sahel, 

Environmental Research Letters, 17 (4), DOI: 10.1088/1748-9326/ac4a9c. 

Chahinian N., Alcoba M., Dembélé N.D.J., Cazenave F., Bouvier C., 2023, Evaluation of an early flood warning system in 

Bamako (Mali): Lessons learned from the flood of May 2019, Journal of Flood Risk Management, 16 (3), DOI: 

10.1111/jfr3.12878. 

Dell’Aira F., Meier C.I., 2025, Beyond total impervious area: A new lumped descriptor of basin-wide hydrologic connectivity for 

characterizing urban watersheds, Hydrology and Earth System Sciences, 29 (4), 1001‑1032, DOI: 10.5194/hess-29-1001-2025. 

Desbordes M., Raous P., 1980, Fondaments de l’élaboration d’une pluie de projet urbaine. Méthodes d’analyse et applicationa l a 

station Montpellier Bel Air, La Météorologie, VI série, 20 (21), 317‑326. 

Diedhiou C.W., Panthou G., Diatta S., Sané Y., Vischel T., Camara M., 2024a, Simple scaling of extreme precipitation regime i n 

Senegal, Scientific African, 23, DOI: 10.1016/j.sciaf.2023.e02034.  

Diedhiou S., Rauch M., Lahat Dieng A., Bliefernicht J., Sy S., Sall S.M., Kunstmann H., 2024b, Extreme rainfall in Dakar 

(Senegal): A case study for September 5, 2020, Frontiers in Water, 6, DOI: 10.3389/frwa.2024.1439404.  

Diémé L.P., 2023, Système de surveillance des inondations à l’échelle de l’agglomération de Dakar, Ph.D. Thesis, Université 

Gaston-Berger, DOI: 10.13140/RG.2.2.19319.09121. 

Diémé L.P., Bouvier C., Bodian A., Sidibé A., 2022, Construction de la topologie de drainage à fine résolution spatiale en mi lieu 

urbain: Exemple de l’agglomération de Dakar (Sénégal), LHB, 108 (1), DOI: 10.1080/27678490.2022.2061313.  

Diémé L.P., Bouvier C., Bodian A., Sidibé A., 2024, Flood monitoring system in the Dakar agglomeration (Senegal), Proceedings  

of IAHS, 385, 175‑180, DOI: 10.5194/piahs-385-175-2024. 

Diémé L.P.M., Bouvier C., Bodian A., Sidibé A., 2025, Modelling urban stormwater drainage overflows for assessing flood 

hazards: Application to the urban area of Dakar (Senegal), Natural Hazards and Earth System Sciences, 25 (3), 1095 ‑1112, 

DOI: 10.5194/nhess-25-1095-2025. 

Diop A., Sambou H., Diop C., Ntiranyibagira E., Dacosta H., Sambou B., 2018, Dynamique d’occupation du sol des zones 

humides urbanisées de Dakar (Sénégal) de 1942 à 2014, VertigO – la revue électronique en sciences de l’environnement, 18 

(1), DOI: 10.4000/vertigo.20120. 

Djibo M., Chwala C., Graf M., Polz J., Kunstmann H., Zougmoré F., 2023, High-resolution rainfall maps from commercial 

microwave links for a data-scarce region in West Africa, Journal of Hydrometeorology, 24 (10), 1847‑1861, DOI: 

10.1175/JHM-D-23-0015.1. 

https://www.documentation.ird.fr/hor/fdi:010010028
https://www.documentation.ird.fr/hor/fdi:010020660


Faye S.C., Diongue M.L., Pouye A., Gaye C.B., Travi Y., Wohnlich S., Faye S., Taylor R.G., 2019, Tracing natural groundwater 

recharge to the Thiaroye aquifer of Dakar, Senegal, Hydrogeology Journal, 27 (3), 1067 ‑1080, DOI: 10.1007/s10040-018-

01923-8. 

Ferrans P., Temprano J., 2023, Modelling-based methodological approach to assess the effect of urbanization on hydrology and 

runoff water quality: A case of study for tropical and dry regions, Water Science and Technology, 87 (3), 783 ‑797, DOI: 

10.2166/wst.2023.010. 

Forget Y., Shimoni M., Gilbert M., Linard C., 2021, Mapping 20 years of urban expansion in 45 urban areas of sub-Saharan 

Africa, Remote Sensing, 13 (3), DOI: 10.3390/rs13030525.  

Gaume E., Livet M., Desbordes M., Villeneuve J.-P., 2004, Hydrological analysis of the river Aude, France, flash flood on 12 and 

13 November 1999, Journal of Hydrology, 286 (1‑4), 135‑154, DOI: 10.1016/j.jhydrol.2003.09.015. 

Gong S., Ball J., Surawski N., 2023, A method of estimating imperviousness for the catchment modelling of urban environments,  

Journal of Hydroinformatics, 25 (2), 451‑468, DOI: 10.2166/hydro.2023.162. 

Janicka E., Kanclerz J., 2022, Assessing the effects of urbanization on water flow and flood events using the HEC -HMS model in 

the Wirynka River catchment, Poland, Water, 15 (1), DOI: 10.3390/w15010086.  

Koch H., Yangouliba G.I., Liersch S., 2025, From Data Scarcity to solutions: Hydrological and water management modeling in a 

highly managed river basin, Water, 17 (6), DOI: 10.3390/w17060823.  

Le Bourgeois O., Bouvier C., Brunet P., Ayral P.-A., 2016, Inverse modeling of soil water content to estimate the hydraulic 

properties of a shallow soil and the associated weathered bedrock, Journal of Hydrology, 541, 116 ‑126, DOI: 

10.1016/j.jhydrol.2016.01.067. 

Mendy A., 2023, Variabilité des pluies au xxe siècle à Dakar, Sénégal, Norois, 268 ‑269, 109‑127, DOI: 10.4000/norois.13884. 

Meng X., Zhang M., Wen J., Du S., Xu H., Wang L., Yang Y., 2019, A simple GIS-based model for urban rainstorm inundation 

simulation, Sustainability, 11 (10), DOI: 10.3390/su11102830.  

Ndiaye I., 2015, Étalement urbain et différenciation sociospatiale à Dakar (Sénégal), Cahiers de géographie du Québec, 59 (16 6), 

47‑69, DOI: 10.7202/1034348ar. 

Nguyen S., Bouvier C., 2019, Flood modelling using the distributed event -based SCS-LR model in the Mediterranean Real 

Collobrier catchment, Hydrological Sciences Journal, 64 (11), 1351‑1369, DOI: 10.1080/02626667.2019.1639715.  

Nielsen J.M., Rasmussen M.R., Thorndahl S., Kristensen L.W., Nielsen J.E., 2025, Exploring the potential of simple rainfall -

runoff models for estimating urban stormwater runoff with rain gauge and weather radar rainfall, Water Science and 

Technology, 92 (2), 269‑284, DOI: 10.2166/wst.2025.101. 

Ongaga C.O., Makokha M., Obiero K., Kipkemoi I., Diang’a J., 2024, Urbanization and hydrological dynamics: A 22 -year 

assessment of impervious surface changes and runoff in an urban watershed, Frontiers in Water, 6, DOI: 

10.3389/frwa.2024.1455763. 

Ramiaramanana F.N., Teller J., 2021, Urbanization and floods in sub-Saharan Africa: Spatiotemporal study and analysis of 

vulnerability factors – Case of Antananarivo Agglomeration (Madagascar), Water, 13 (2), DOI: 10.3390/w13020149.  

Sané Y., 2013, La politique de l’habitat au Sénégal: Une mutation permanente, Les Cahiers d’Outre-Mer, Revue de géographie de 

Bordeaux, 66 (263), DOI: 10.4000/com.6913. 

Sane Y., Panthou G., Bodian A., Vischel T., Lebel T., Dacosta H., Quantin G., Wilcox C., Ndiaye O., Diongue-Niang A., Diop 

Kane M., 2018, Intensity–duration–frequency (IDF) rainfall curves in Senegal, Natural Hazards and Earth System Sciences, 

18 (7), 1849‑1866, DOI: 10.5194/nhess-18-1849-2018. 

Schaer C., Thiam M.D., Nygaard I., 2018, Flood management in urban Senegal: An actor-oriented perspective on national and 

transnational adaptation interventions, Climate and Development, 10 (3), 243 ‑258, DOI: 10.1080/17565529.2017.1291405. 

Šimůnek J., van Genuchten M.T., Šejna M., 2016, Recent developments and applications of the HYDRUS computer software 

packages, Vadose Zone Journal, 15 (7), 1‑25, DOI: 10.2136/vzj2016.04.0033. 

Tabutin D., Schoumaker B., 2020, La démographie de l’Afrique subsaharienne au XXI e siècle: Bilan des changements de 2000 à 

2020, perspectives et défis d’ici 2050, Population, 75 (2), 169‑295, DOI: 10.3917/popu.2002.0169. 



Tadesse A., Anagnostou E.N., 2010, African convective system characteristics determined through tracking analysis, Atmospheri c 

Research, 98 (2‑4), 468‑477, DOI: 10.1016/j.atmosres.2010.08.012. 

Tamm O., Kokkonen T., Warsta L., Dubovik M., Koivusalo H., 2023, Modelling urban stormwater management changes using 

SWMM and convection-permitting climate simulations in cold areas, Journal of Hydrology, 622, DOI: 

10.1016/j.jhydrol.2023.129656. 

Tang Z., Wang P., Li Y., Chen C., Lou Y., Hu T., 2025, Contributions of urbanization and population growth to changes in urban 

flood exposure in recent decades, Sustainable Cities and Society, 130, DOI: 10.1016/j.scs.2025.106592.  

Taylor C.M., Belušić D., Guichard F., Parker D.J., Vischel T., Bock O., Harris P.P., Janicot S., Klein C., Panthou G., 2017, 

Frequency of extreme Sahelian storms tripled since 1982 in satellite observations, Nature, 544 (7651), DOI: 

10.1038/nature22069. 

Tramblay Y., Bouvier C., Ayral P.-A., Marchandise A., 2011, Impact of rainfall spatial distribution on rainfall -runoff modelling 

efficiency and initial soil moisture conditions estimation, Natural Hazards and Earth System Science, 11 (1), 157 ‑170, DOI: 

10.5194/nhess-11-157-2011. 

Yuan Y., Chen S.S., Miao Y., 2023, Unmanaged urban growth in Dar es Salaam: The spatiotemporal pattern and influencing 

factors, Sustainability, 15 (13), DOI: 10.3390/su151310575.  

Zhang Q., Li C., Wen D., Kang J., Chen T., Zhang B., Hu Y., Yin J., 2025, Global South shows higher urban flood exposures 

than the Global North under current and future scenarios, Communications Earth and Environment, 6 (1), DOI: 

10.1038/s43247-025-02585-7.· 


