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Abstract: The city of Nouakchott has faced a growing incidence of flooding for several decades, exacerbated by 
climatic, hydrogeological, and anthropogenic factors. This study is based on a multitemporal remote sensing analysis 
using satellite images from four key years: 1994, 2004, 2014, and 2024. Its objective is to track the spatial and temporal 
evolution of flooded areas while assessing the hydrological and ecological impacts of these floods on the urban 
environment. 

The flood-prone area of the city, assessed at 10-year intervals (1994, 2004, 2014, and 2024), increased from 0.07 to 
0.13%, then to 1.05%, and finally to 3.96%, indicating a marked expansion of flood-affected areas over the decades. This 
historical trend indicates a worsening problem, with flooded areas now nearly 50 times more extensive than in 1994. 
This observation is supported by analyses of groundwater behaviour, annual precipitation, and soil infiltration capacity. 
Rising groundwater levels and soil impermeability affect the spread of flooded areas. The study underscores the urgency 
of implementing sustainable urban planning policies and improving stormwater management to mitigate the ecological 
and health risks associated with flooding.  
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INTRODUCTION 

Recurrent flooding in Nouakchott, the capital of Mauritania, 
presents significant urban and environmental management 
challenges. Located on a low-lying coastal plain, the city is 
particularly vulnerable to water accumulation, a phenomenon 
exacerbated by several interrelated factors: rising groundwater 
levels, local precipitation, and rapid urbanisation (Senhoury et al., 
2016). Climate change is altering the frequency and intensity of 
rainfall in Sahelo-Saharan Africa, further compounding such 
problems (Perona et al., 2023). One of the main components 
influencing local hydrological behaviour is the Nouakchott water 
table, located in coastal dune sands beneath impermeable clays. 
Rainfall infiltration, irrigation, anthropogenic inputs from 
domestic water use, and leaks from sewer networks are its main 
sources (Caballero et al., 2022; Pezard et al., 2022). 

Urban flood risks have increased as a result of this aquifer’s 
progressive rise brought on by sea level rise and inadequate 
drainage infrastructure (Maliva, 2021). The capital’s environ-
mental vulnerability is further increased by the growing threat of 
saline intrusion to groundwater quality. 

The effects of Nouakchott’s comparatively low annual 
precipitation are exacerbated by the limited infiltration capacity 
of urban soils and the absence of efficient drainage infrastructure. 
Even low-precipitation events can induce significant water 
storage, especially in areas with shallow water tables and 
uncontrolled urbanisation (Ould Sidi Cheikh, Ozer and Ozer, 
2007). Regional climate anomalies, such as fluctuations in the 
West African monsoon system, have frequently been attributed to 
recent extreme events (Descroix et al., 2016). Remote sensing 
methods have contributed to analyses of Nouakchott’s urban 
growth and related flood risks. Due to population expansion, the 
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city expanded by 36 km2 between 1989 and 1999, as evidenced by 
multitemporal satellite imagery (SPOT HRV, Landsat) (Wu, 
Courel and Rhun Le, 2003). The degradation of natural coastal 
dunes has increased vulnerability to floods as a result of this rapid 
urbanisation, which frequently occurs in low-lying and suscep-
tible locations (Ould Sidi Cheikh, Ozer and Ozer, 2007). Radar 
images from ENVISAT ASAR show considerable shoreline 
retreat, mostly south of the port built in 1986 (Hachemi et al., 
2015). An examination of SPOT data showed that 1.34 km2 of 
beaches disappeared between 1989 and 2001, and that the 
shoreline continued to retreat (Wu, Courel and Rhun Le, 2003). 

These studies suggest that combining socioeconomic and 
climatic data with satellite data enhances understanding of 
interactions between human activity and the environment. 
This approach also helps promote sustainable urban growth 
in dry coastal areas. Recent research also supports the role of 
soil moisture in causing and worsening floods. Soil moisture 
levels strongly affect hydrological catchment response, espe-
cially in Mediterranean and African regions, where heavy rain- 
fall can trigger flooding (Massari et al., 2020; Tramblay et al., 
2021). 

Therefore, annual peak floods often relate more closely to 
soil moisture peaks than to rainfall maxima. This makes the 
inclusion of soil moisture crucial in flood prediction models 
(Tramblay et al., 2021). For example, floods in Argentina in 2001 
were exacerbated by already high soil moisture levels, which 
reduced infiltration capacity (Scarpati, Forte Lay and Capriolo, 
2008). Similarly, studies in the Beskydy Mountains have shown 
that soil moisture and suction pressure significantly influence 
rainwater retention, with high water content limiting infiltration 
during rainfall events (Koutný, Skoupil and Veselý, 2018). 

In light of this, our study employs remote sensing 
technologies in conjunction with hydrological and climatic data 
to examine the spatiotemporal evolution of floods in Nouakchott 
over a thirty-year period. The research contributes to a better 
understanding of the relationships among precipitation varia-
bility, soil infiltration capacity, shallow groundwater rise, and 
rapid urban expansion. It aims to support more resilient and 
sustainable urban management by identifying the most vulnerable 
areas and long-term trends. This study follows an integrated 
environmental assessment approach, which is essential for 
anticipating climate-change-driven risks in Sahelo-Saharan coast-
al cities. 

MATERIALS AND METHODS 

STUDY AREA 

The study area covers the urban agglomeration of Nouakchott, 
the capital of Mauritania, located between latitudes 17°57'N and 
18°10'N and longitudes 15°57'W and 16°06'W (Fig. 1). The coastal 
region has a dry Sahelian climate, low annual rainfall, rapid urban 
growth, and high flood susceptibility (Ould Sidi Cheikh, 2007). 
Nouakchott, founded in 1957, lies between the Sahara Desert and 
the Atlantic Ocean on a narrow coastal plain known as Aftout Es 
Sahli. The city is less than 5 km from the ocean and is separated 
from it by a thin sandy barrier. The area includes a large 
depression that frequently floods, with ground elevations between 
1 and 4 m, intersected by wide dune ridges. 

DATA USED 

The analysis relies on multitemporal Landsat images (5 TM, 
7 ETM+, 8, and 9 OLI) acquired between 1994 and 2024 via USGS 
Earth Explorer (30 m resolution) (Tab. 1). With thresholds 
tailored to each sensor in accordance with guidelines for urban 
and semi-arid environments, flooded areas were identified using 
the modified normalised difference water index (MNDWI) (Xu, 
2006). These thresholds were 0.0–0.1 for Landsat 5 (Xu, 2006; Du 
et al., 2016), 0.0–0.2 for Landsat 7 (Chang et al., 2022), and 0.2–0.3 
for Landsat 8–9 (Du et al., 2016; Chang et al., 2022). To maintain 
a robust threshold, a sensitivity study compared the results with 
Google Earth and Sentinel-2 (10 m) data. These steps established 
a reliable method for analysing spatiotemporal flood patterns. 

The digital elevation model (DEM) was derived from the 
ALOS PALSAR dataset (12.5 m resolution). The data were 
combined, reprojected into WGS84/UTM 28N, and vertically 
adjusted following Wu’s (2007) guidelines. This provided a precise 
topographic base for evaluating flood risk. 

DATA PROCESSING 

The processing of Landsat images was conducted using ArcGIS 
Pro, following a series of methodological steps aimed at ensuring 
the quality and reliability of the analyses: 
– radiometric correction: this was used to normalise reflectance 

values between different dates and sensors, thereby correcting 
instrumental differences (Kalidhas and Sivakumar, 2022); 

– atmospheric correction: this minimises the attenuation of elec-
tromagnetic (EM) radiation caused by scattering and absorp-
tion by molecules and aerosols in the Earth’s atmosphere, 
thereby improving water-body detection (Xu, 2006). 

After these corrections, the images were analysed using the 
MNDWI (modified normalised difference water index), while 
accounting for sensor-specific characteristics. 

This index, based on the combination of the green and 
short-wave infrared (SWIR) bands, allows for effective mapping 
of flooded surfaces, particularly in urban or vegetated environ-
ments (Xu, 2006). 

The MNDWI formula proposed by Xu (2006) is expressed as 
follows: 

MNDWI ¼
Green � SWIR

Greenþ SWIR
ð1Þ

where: Green = the green band (band 2 for Landsat 5/7 and 
band 3 for Landsat 8/9), SWIR = the short-wave infrared band 
(band 5 for Landsat 5/7 and band 6 for Landsat 8/9). 

This formulation significantly improves water-surface 
detection by reducing confusion with built-up or vegetated areas. 

The layers generated by the MNDWI were integrated into 
a Geographic Information System (GIS) to visualise and quantify 
land-cover changes before and after flood events. 

VALIDATION OF THE MNDWI CLASSIFICATION 

To satisfy the need for an independent validation of the flood 
maps, a formal accuracy assessment was performed. A total of 300 
control points was generated in ArcGIS Pro using the Create 
Accuracy Assessment Points and Update Accuracy Assessment 
Points tools. 
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They were interpreted visually using high-resolution Google 
Earth imagery from 2024 and Sentinel-2 MSI data at 10 m reso-
lution from 2014 and 2024. The selected areas – Sebkha, El Mina, 
Arafat, Riyad, Tevragh Zeina, Ksar, Dar Naïm, Toujounine, and 
Teyaret – were representative of flooded areas, temporary wetlands, 
and non-flooded areas (urbanised zones, dunes, and dry soils). 

The confusion matrix was computed using Compute 
Confusion Matrix in ArcGIS Pro, yielding the following 
(Sivanpillai et al., 2023): 

– overall accuracy (OA) 

OA %ð Þ ¼ p0 ¼
TP þ TN

N
100 ð2Þ

– user’s accuracy (UA) 

UA %ð Þ ¼
TP

CNW
100 ð3Þ

Table 1. Modified normalised difference water index (MNDWI) parameters and flood thresholds applied to different generations of 
Landsat satellites 

Satellite Green band SWIR band MNDWI formula Flood threshold Reference 

Landsat 5 TM band 2 (B2) band 5 (B5) (B2 – B5) / (B2 + B5) MNDWI > 0.0–0.1 Xu (2006), Du et al. (2016) 

Landsat 7 ETM+ band 2 (B2) band 5 (B5) (B2 – B5) / (B2 + B5) MNDWI > 0.0–0.2 Chang et al. (2022) 

Landsat 8 OLI band 3 (B3) band 6 (B6) (B3 – B6) / (B3 + B6) MNDWI > 0.2–0.3 Du et al. (2016) 

Landsat 9 OLI-2 band 3 (B3) band 6 (B6) (B3 – B6) / (B3 + B6) MNDWI > 0.2–0.3 Chang et al. (2022), Roy, Singh  
and Mazumdar (2025) milieux secs  

Explanation: SWIR = short-wave infrared. 
Source: own elaboration based on literature. 

Fig. 1. Location of Nouakchott; source: own elaboration 
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– producer’s accuracy (PA) 

PA %ð Þ ¼
TP

RW

100 ð4Þ

– the Kappa coefficient 

Kappa ¼
p0 � pc

100 � pc
ð5Þ

where: p0 = observed proportion of agreement, TP = (true 
positives) = number of pixels correctly classified as “water”, 
TN = (true negatives) = number of pixels correctly classified as 
“non-water”, N = total number of pixels in the confusion matrix, 
CNW (classified water) = total number of pixels classified as 
“water” in the map, RW = (reference water) = total number of 
“water” pixels in the ground truth dataset, pc = expected 
proportion of agreement by chance. 

This step allows for the rigorous quantification of MNDWI 
performance in the detection of flooded areas within the semi- 
arid urban environment. 

CLIMATIC AND HYDRODYNAMIC CONDITIONS 

In Nouakchott, coastal flooding results from the interaction of 
several factors, including rainfall, soil infiltration capacity, and 
groundwater levels. The city’s vulnerability is amplified by its low 
elevation, with some areas lying below sea level (Senhoury et al., 
2016; Ould Sidi Cheikh, Ozer and Ozer, 2007). 

Rainfall 

Rainfall records were obtained from the Nouakchott meteorolo-
gical station for the period 1931–2024. The series is marked by 
substantial interannual variability and a general declining 
tendency, with remarkably high totals during the 1940s–1950s 
and a prolonged drought from 1968 to 1986, followed by an 
alternation of wet and dry years typical of Sahelian climates. To 
provide a formal evaluation of the long-term signal, which is 
essential for detecting trends, non-parametric approaches were 
used. The Mann–Kendall test was applied to assess trend 
significance, and the magnitude of the trend was estimated using 
the Theil–Sen estimator, based on the annual rainfall series 
available for statistical processing. Such an increase in irregularity 
might be related to regional patterns of climate change and could 
potentially affect flood risk in Nouakchott (Senhoury, 2014; Sidi, 
2024). 

Soil infiltration capacity 

Soil infiltration capacity – largely determined by moisture content 
and permeability – plays a key role in limiting runoff, the main 
driver of urban flooding. Therefore, full knowledge of soil 
infiltration behaviour is vital for developing successful flood-risk 
management plans. Infiltration rates vary greatly among soil 
types: sandy soils, for example, usually have high infiltration rates 
and therefore maintain a high rate of water uptake, while heavier 
clay-type soils have much lower rates (Kuok et al., 2023). Soil 
porosity and permeability, associated with soil structure, are 
major factors controlling these capacities. Overall, sandy and 
loamy soils offer better water retention and infiltration than clay 
soils (Alhassoun, 2009; Kuok et al., 2023; Nimmo and Shillito, 
2023). 

Groundwater dynamics 

Groundwater dynamics play a decisive role in the onset and 
persistence of floods, particularly in areas where interactions 
between surface water and groundwater are significant. Under-
standing these interactions is essential for improving the accuracy 
of hydrological models and flood-risk management, as ground-
water can sustain flows and prolong flood duration (Berghuijs 
et al., 2024). 

This impact can be exacerbated in urban areas: even without 
channel overflow, flooding can occur because of rapid increases 
in the water table following heavy rainfall. This contribution of 
groundwater to runoff is frequently neglected in traditional 
models based on surface runoff (Mancini et al., 2020). Including 
this subsurface source can therefore be essential for accurate flood 
forecasting and robust infrastructure design. 

The groundwater dynamics data for Nouakchott used in this 
study come from the National Water Resources Center (CNRE) 
and cover the years 2014 and 2024. 

RESULTS 

ANALYSIS OF FLOOD EVOLUTION  
IN NOUAKCHOTT (1994–2024) 

This analysis examines the evolution of flooded areas in the city 
of Nouakchott, Mauritania, through a series of maps spanning 
three decades (Fig. 2). 

The 1994 map, the earliest in the series, shows a very limited 
presence of flooded zones. Only a few small blue patches appear, 
mainly in the El Mina district and a few scattered locations. This 
situation suggests either low rainfall during that year or a higher 
soil infiltration and drainage capacity at that time. 

Ten years later, the 2004 map presents a pattern very similar 
to that of 1994, with very few flooded areas. Some small, localised 
patches are visible, particularly in the Sebkha district. This may 
indicate relatively dry climatic conditions or adequate infra-
structure capable of managing runoff volumes during that period. 

A noticeable change appears in the 2014 map. A greater 
number of locations are flooded than in prior decades, although 
flooding is not as widespread as on the most recent map. Tevragh 
Zeina, Sebkha, Arafat, and El Mina are all affected by the growing 
number and dispersion of blue patches. Stronger rainfall events or 
the gradual deterioration of drainage infrastructure caused by 
rapid urbanisation could explain this increase. The African 
Development Bank reported in 2014 that about half of the people 
living in Nouakchott were affected by serious floods in August 
and September 2013 (BAD, 2014). Current mapping shows that 
flooding has worsened. Sebkha and Arafat, along with the western 
coast, are experiencing widespread flooding. The north–south 
direction of the flooding suggests that the ground is saturated and 
that drainage systems cannot handle the volume of water. This 
situation aligns with current concerns regarding the impacts of 
climate change and rapid, often uncontrolled, urbanisation in 
Nouakchott, which increasingly expose the city to extreme events 
(World Bank, 2023). 

The evaluation yielded an average overall accuracy across all 
years of 90.5%; user’s accuracy for the water class is 92.25%, while 
producer’s accuracy is 88%, with a Kappa coefficient of 0.8. 
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These indicators demonstrate a high degree of accuracy, 
above 88% for all years, and Kappa coefficients greater than 0.80, 
indicating very good agreement between the MNDWI-derived 
maps and ground truth. 

DIGITAL ELEVATION MODEL (DEM) OF NOUAKCHOTT 

Processing of the digital elevation model 

The topographic survey of Nouakchott, carried out within several 
studies (GRESARC, 2006; Ould Sidi Cheikh, Ozer and Ozer, 2007; 
Senhoury et al., 2016), enabled the mapping of flood-prone areas 
in the city. These studies revealed that approximately one-third of 
urbanised areas are located at extremely low elevations and are 
therefore highly exposed to flooding. 

Simulations were conducted (Fig. 3) to better understand 
the potential extent of flooding in Nouakchott in 2024, 
particularly in several sectors characterised by very low terrain, 
including El Mina, Sebkha, Tevragh Zeina, Riyad, and Dar Naïm. 

The map displays elevation values ranging from −1 m to 
over 40 m: 
– the areas in dark and light blue, which represent the lowest 

elevations at or below sea level, are mainly in the western parts 
of the city, specifically El Mina and Sebkha; these areas are at 
risk from rising groundwater, flooding, and saltwater intru-
sion; 

– the yellow zones, located at slightly higher elevations, are still 
in danger of flooding, especially during periods of heavy rain-
fall; 

Fig. 2. Flood evolution maps in Nouakchott (1994–2024); source: own study 

Multi-temporal analysis of Nouakchott floods (1994–2024) using remote sensing and key hydrological parameters 113 

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 



– the orange and red areas, primarily in the eastern (Toujounine, 
Riyad) and central (Dar Naïm, Teyarett) sections of the city, 
consist of sandy ridges or dunes that offer some protection 
against floodwaters. 

Classification of flood risk zones 

A classification of flood risk for Nouakchott derived from the digital 
elevation model (Fig. 3) is presented in Figure 4. Three risk zones 
are identified: high (red), moderate (yellow), and low (light green). 

The classification considers elevation changes and topo-
graphic gradients, which affect surface-water flow and urban 
flood susceptibility. According to this classification: 
– most high-risk areas (marked in red) are in low coastal areas such 

as Sebkha, El Mina, and Riyad; these areas contain geographical 
depressions that pool water, increasing the likelihood of rainfall 
runoff, rising groundwater, and occasional seawater intrusion; 

– moderate-risk areas (marked in yellow) cover much of the 
urban centre (Ksar, Tevragh Zeina, Arafat), where elevations 
are intermediate; because there is no adequate drainage system, 
many neighbourhoods can still flood during heavy rainfall; 

– areas with higher ground (Teyaret, Dar Naïm, parts of Toujou-
nine, and Arafat) have better natural drainage and a lower 
likelihood of direct flooding; they are therefore classified as 
low-risk zones (marked in green). 

VARIATION IN PRECIPITATION 

Nouakchott and its surrounding areas receive the highest rainfall 
in August and September. These rains are closely linked to the 
movement of the Intertropical Convergence Zone (ITCZ) and the 
penetration of the West African monsoon. Climatic data indicate 

that average monthly totals peak in September at 43.5 mm, 
followed by August at 39.4 mm (Fig. 5). The average rainfall 
values were calculated for the period 1931–2024. 

The analysis of annual rainfall totals between 1931 and 2024 
shows a general decreasing trend. However, exceptional events 
occurred, including 267 mm in 1956, 263 mm in 1944, and 
241.3 mm in 1943. A marked decline occurred between 1968 and 
1986, followed by an irregular alternation of wet and dry years 
(Fig. 6). The trend tests on annual rainfall data (1931–2024) 
revealed a statistically significant monotonic trend. The Mann– 
Kendall test indicates a declining trend, with a statistic of −0.179 
and a p-value of 0.0106. The Theil–Sen estimate represents an 
average decrease of −0.55 mm·yr−1, with a 95% confidence 
interval of [−1.00; −0.13] mm·yr−1. 

Fig. 3. Elevation map of the city of Nouakchott; source: own study Fig. 4. Flood risk classification for the city of Nouakchott; source: own 
study 

Fig. 5. Average monthly rainfall in the study area; source: own study 
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ANALYSIS OF SOIL PHYSICAL PROPERTIES 

Soil infiltration capacity, influenced by texture, structure, and 
compaction, plays a key role in urban flood management. 

The average measurements of soil moisture content and 
permeability in three borrow pits located in Nouakchott, classified 
according to their flood risk level – low (L), medium (M), and high 
(H) – are presented in Table 2. These characteristics are essential 
for understanding the hydrological behaviour of soils during 
extreme rainfall in a vulnerable urban context such as Nouakchott. 

PIEZOMETRIC DATA 

Water depth was measured in piezometers in 2014 (March, 
August, November) and 2024 (March, August, November). 
Overall, the 2014 and 2024 profiles remain comparable (Fig. 7), 
indicating relative groundwater stability over the decade, with 
seasonal fluctuations associated with rainfall. 

Analysis of Nouakchott’s piezometric data from 2014 to 
2024 reveals a steady decline in water-table depth in several areas. 
This implies that groundwater levels are rising, moving closer to 
the surface, and potentially causing emergence. Although the 
northern districts (Dar Naïm and Toujounine) remain relatively 
stable, the southern and central districts (El Mina, Ksar, and 
Teyaret) appear to face the greatest risk. This situation highlights 
the need for improved monitoring and sound groundwater 
management practices, given the city’s vulnerability to flooding, 
soil salinisation, infrastructure damage, and health issues. 

MAPPING OF FLOOD RISK ZONES IN NOUAKCHOTT 

The spatial distribution of flood vulnerability in Nouakchott in 
2024 is shown in Figure 8. The map was produced by integrating 
various physical and hydrological parameters identified as major 

drivers of flood processes from 1994 to 2024. The integration of 
these layers offers a synthetic view of areas that are highly 
vulnerable to flood disasters. The classification is mainly based on 
the DEM, which indicates that low-lying areas are highly prone to 
flood risk. These data are reinforced by other parameters that 
affect flood patterns, such as groundwater depth, soil type, 
permeability, moisture, and rainfall. The area currently affected 
by flooding, identified using the MNDWI index, is shown in blue. 
The remaining area is divided into three classes: high risk, 
moderate risk, and low risk. The western and southern sectors of 
the city, including Sebkha, El Mina, and Riyad, experience the 
greatest incidence of flooding and are at the highest risk. 

DISCUSSION 

Although relatively young, the city of Nouakchott (Fig. 1) has 
experienced rapid demographic growth, increasing from 1,800 
inhabitants in 1957 to around 800,000 in 2013 (Senhoury et al., 
2016), and then to nearly 1,446,761 inhabitants according to the 
2023 census (ANSADE, 2023). Its spatial arrangement is defined 
by radial development and a predominance of low-rise, scattered 
housing. Plot subdivisions and the development of new 
neighbourhoods have allowed the city to grow progressively, 
while older subdivisions have only been partially developed. The 
unplanned and unregulated settlement of new migrants on 
undeveloped land on the outskirts of the city, or even inside the 
existing urban fabric, has exacerbated this spread. This growth has 

Fig. 6. Evolution of annual rainfall totals in Nouakchott; source: own 
study 

Table 2. The average water content and permeability in three borrow areas 

Borrow area Soil  Mean water content  
±standard deviation (%) 

Mean permeability  
±standard deviation (m∙s–1) 

Low risk (L) sand 0.833 ±0.32 9.55∙10–4 ±4.05∙10–5 

Medium risk (M) sandy loam 4.4 ±0.6 8.81∙10–5 ±1.98∙10–6 

High risk (H) sandy loam 5.65 ±0.65 6.73∙10–5 ±3.79∙10–6  

Source: own study. 

Fig. 7. Variation of static piezometric levels for the years 2014 and 2024 
across different periods (March, August, and November); source: own 
study 
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led to development in several areas within low-lying, sensitive 
coastal zones (Senhoury et al., 2016). Flood maps from 1994 to 
2024 (Fig. 2) show a clear increase in flood extent and severity. 
Flooded areas accounted for 0.07%, 0.13%, 1.05%, and 3.96% of 
the urban surface in 1994, 2004, 2014, and 2024, respectively. This 
trend shows a substantial rise in flood risk, with a more than 50- 
fold increase over 30 years. Floods were limited between 1994 and 
2004, similar to what occurred in Lagos prior to the encroach-
ment of wetland regions (Adelekan, 2010) and in Cotonou, where 
unchecked urbanisation of marshlands caused persistent flooding 
(Dossou and Glehouenou-Dossou, 2007). 

Independent validation with Google Earth and Sentinel-2 
imagery shows that MNDWI segmentation gives a more reliable 
estimate of flooded areas. The obtained accuracy levels are 
comparable to the results of Albertini et al. (2022) and Sivanpillai 
et al. (2023), who demonstrated the robustness of MNDWI for 
water mapping in urban and arid environments. 

Around 2014, Nouakchott’s expansion into the sebkhas 
began to obstruct natural drainage, mirroring the flooding issues 
in Dakar caused by construction on infiltration basins (Diémé 
et al., 2024). Data from the African Development Bank report 
(BAD, 2014) and the extent of flooded areas (1.05%) indicate that 

the urban system was becoming increasingly vulnerable. By 2024, 
the increase in flooded areas (3.96%) indicates a system-wide 
problem, similar to Alexandria, where delta subsidence increases 
exposure (El-Nahry and Doluschitz, 2010); Jakarta, where land 
subsidence worsens flooding (Chaussard et al., 2013); and 
Abidjan, where coastal erosion damages infrastructure (Kouassi 
et al., 2010). In Nouakchott, this worsening results from the 
combined effects of uncontrolled urbanisation, increasing soil 
sealing, and rising groundwater levels. 

Flooding results from a combination of natural and 
anthropogenic factors. Natural factors, accounting for approxi-
mately 71.43% of the risk, include low elevation (Figs. 3, 4), low 
soil permeability (Ould Sidi Cheikh, Ozer and Ozer, 2007), and 
seasonal rainfall variability (Fig. 6). Examination of annual 
variability (Fig. 5) shows substantial fluctuations. The highest 
precipitation values were reached in 1956 (267 mm), 1944 
(263 mm), and 1943 (241.3 mm). This was followed by a drought 
period from 1968 to 1986, after which dry and wet years 
alternated irregularly. Furthermore, the Mann–Kendall test 
confirms a declining precipitation pattern. These findings are 
consistent with Sahelian data and confirm the influence of climate 
change on extreme events (Senhoury, 2014). 

Anthropogenic factors include rapid and unplanned urba-
nisation (Diagana, 2022), insufficient drainage (Nouaceur, 2013; 
Niang, 2014), and inadequate waste management. Nouakchott is 
underlain by several aquifers, including a shallow water table of 
variable depth (Diagana, 2022). The proximity of this water table 
is a key determinant of vulnerability, as rising groundwater 
reduces infiltration and causes surface emergence. Piezometric 
data (Fig. 7) show a general upward trend in static levels between 
2014 and 2024, particularly in El Mina, Sebkha, and Ksar, where 
groundwater may rise to <1.5 m below the surface, significantly 
increasing the risk of flooding, salinisation, and structural 
degradation. In the northern parts of Dar Naïm and Toujounine, 
water depth is greater (>3 m), which reduces flood risk. Soil types 
greatly affect the spatial distribution of risk (Tab. 2). Zone L has 
sandy soils that allow water to pass through quickly and generate 
little runoff. They contain little water (0.833% ±0.32) but are quite 
permeable (9.55 ∙ 10−4 m∙s−1) (Bouwer, 2002). Zone M has sandy- 
loam soils that retain a moderate amount of water and have 
medium permeability (8.81 ∙ 10−5 m∙s−1). Zone H has finer soils 
that are less permeable and become saturated quickly. This causes 
standing water, especially when urban compaction further limits 
infiltration (Brady and Weil, 2016). 

There is a clear link between flood risk, as shown in 
Figure 8, and soil type. The northeast and southeast, marked as 
low-risk areas (L), have sandy soil. Medium-risk zones (M), such 
as Arafat and Teyarett, are located in areas undergoing change. 
Areas labelled as high-risk (H) are mainly situated in Sebkha, El 
Mina, and southern Riyad. These locations share characteristics 
such as poor soil drainage, shallow groundwater tables, and 
limited infrastructure. 

From 2014 to 2024, seasonal variations in rainfall strongly 
influenced groundwater levels; rainfall recharge is the key factor. 
After the rainy season, groundwater rises, reducing the soil’s 
capacity to absorb water. This situation then leads to increased 
surface-water accumulation. Analysis of multitemporal Landsat 
imagery shows that areas with shallow groundwater are most 
vulnerable to increased flooding. In summary, drainage problems, 
unplanned urban growth, soil drainage, and water-table depth all 

Fig. 8. Map of flood risk areas in Nouakchott; source: own study 
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strongly affect Nouakchott’s water-management capacity. They 
emphasise the need for integrated urban planning, including 
the regulation of sebkha urbanisation, the strengthening of 
drainage systems, routine piezometric monitoring, and the 
integration of hydrogeological dynamics into spatial-planning 
policies (Nouaceur, Z., 2013; AfDB, 2014; Niang, 2014; Senhoury 
et al., 2016). 

CONCLUSIONS 

It is essential to upgrade drainage and sanitation systems, 
integrate climate-change adaptation measures into Nouakchott’s 
urban planning, and implement sustainable urban-planning 
regulations in order to reduce these escalating risks. The case of 
Nouakchott represents a microcosm of global challenges. 
Comparisons with other cities, in light of the cited studies, show 
that the flood crisis is less a matter of geographic inevitability 
than of an urban development model poorly adapted to 
environmental and climatic realities. 

CONFLICT OF INTERESTS 

All authors declare that they have no conflicts of interest relevant 
to this study. 

INSTITUTIONAL REVIEW BOARD STATEMENT 

This study did not involve human participants or animals. All 
analyses were conducted using publicly available satellite imagery, 
meteorological, and hydrological data. The research adhered to 
institutional guidelines and was conducted with the approval of 
the Faculty of Sciences and Technology of Nouakchott. 

REFERENCES 

Adelekan, I.O. (2010) “Vulnerability of poor urban coastal commu-
nities to flooding in Lagos, Nigeria,” Environment and Urbaniza-
tion, 22(2), pp. 433–450. Available at: https://doi.org/10.1177/ 
0956247810380141. 

Albertini, C. et al. (2022) “Detection of surface water and floods with 
multispectral satellites,” Remote Sensing, 14(23), 6005. Available 
at: https://doi.org/10.3390/rs14236005. 

Alhassoun, R. (2009) Studies on factors affecting the infiltration capacity 
of agricultural soils. Braunschweig: Julius Kühn-Institut Bundes-
forschungsinstitut für Kulturpflanzen. Available at: https://www. 
openagrar.de/servlets/MCRFileNodeServlet/openagrar_deri-
vate_00034153/Dissertation_Alhassoun.pdf (Accessed: Septem-
ber 15, 2025). 

ANSADE (2023) Localités habitées en Mauritanie. Recensement Général 
de la Population et de l’Habitat — Démographique et Économique. 
[Inhabited localities in Mauritania. General population and 
housing census – demographic and economic]. Internal institu-
tional report. Nouakchott: Agence Nationale de la Statistique et 
de l’Analyse. 

BAD (2014) Proposition visant l’octroi d’un don de 820.000 dollars eu 
au titre aide humanitaire d’urgence aux victimes des inondations 
de la ville de Nouakchott [Proposal for the award of a grant of 

USD 820,000 for emergency humanitarian assistance to the 
victims of flooding in the city of Nouakchott]. Abidjan: Banque 
Africaine de Développement. Available at: https://www.afdb.org/ 
fileadmin/uploads/afdb/Documents/Project-and-Operations/ 
Mauritanie-_Aide_humanitaire_d_urgence_aux_victimes_des_i-
nondations_de_la_ville_de_Nouakchott.pdf (Accessed: Septem-
ber 15, 2025). 

Berghuijs, W. et al. (2024) “Groundwater effects on flood dynamics,” in 
EGU General Assembly 2024, Vienna, Austria, 14–19 Apr 2024, 
EGU24-3989. Munich: EGU. Available at: https://doi.org/ 
10.5194/egusphere-egu24-3989. 

Bouwer, H. (2002) “Artificial recharge of groundwater: Hydrogeology 
and engineering,” Hydrogeology Journal, 10(1), pp. 121–142. 
Available at: https://doi.org/10.1007/s10040-001-0182-4. 

Brady, N.C. and Weil, R.R. (2016) The nature and properties of soils. 
15th edn. Upper Saddle River, NJ: Pearson Press. 

Caballero, Y. et al. (2022) “Transdisciplinary characterisation of 
a complex coastal aquifer, for a sustainable exploitation of its 
groundwater resources in a Mediterranean context,” in The 
DEM'EAUX ROUSSILLON project. IAHS-AISH Scientific Assem-
bly 2022, Montpellier, France, 29 May–3 Jun 2022, IAHS2022-33. 
Montpellier: Centre UNESCO Montpellier Université Montpel-
lier. Available at: https://doi.org/10.5194/iahs2022-33. 

Chang, X. et al. (2022) “Urban Water Extraction Algorithm (UWEA): 
A method for urban water mapping using Sentinel-2 and Landsat 
8 images,” Remote Sensing, 14(22), 5785. Available at: https://doi. 
org/10.3390/rs14225785. 

Chaussard, E. et al. (2013) “Sinking cities in Indonesia: A combination 
of subsidence and sea-level rise,” Global and Planetary Change, 
100, pp. 278–290. Available at: https://doi.org/10.1016/j. 
rse.2012.10.015. 

Descroix, L. et al. (2016) “Évolution récente de la pluviométrie en 
Afrique de l'ouest à travers deux régions : la Sénégambie et le 
bassin du Niger moyen [Recent trend on rainfall in West Africa 
through two regions: Senegambia and the Middle Niger River 
Basin],” Climatologie, 12, pp. 25–43. Available at: https://doi.org/ 
10.4267/climatologie.1105. 

Diagana, K.L. (2022) L'eau à Nouakchott (Mauritanie): Entre pénuries 
d'eau potable, déficit d'assainissement et inondations pluviales: 
questionner la gestion de la ville [Water in Nouakchott 
(Mauritania): Between drinking water shortages, insufficient 
sanitation, and pluvial flooding: rethinking urban management]. 
PhD Thesis. Université de Rouen Normandie. Available at:  
https://doi.org/10.70675/9a765a1cz6dcaz4d67z9d49zae4ac87c9 
69b. 

Diémé, L.P.M. et al. (2024) “Détection des inondations par déborde-
ments du réseau de drainage : application à la zone urbaine de 
Dakar (Sénégal) [Flood detection due to drainage network 
overflows: application to the urban area of Dakar (Senegal)],” 
EGUsphere [Preprint]. Available at: https://doi.org/10.5194/egu-
sphere-2023-2458. 

Dossou, K.G. and Glehouenou-Dossou, B. (2007) “The vulnerability to 
climate change of Cotonou (Benin): The rise in sea level,” 
Environment and Urbanization, 19(1), pp. 65–79. Available at:  
https://doi.org/10.1177/0956247807077149. 

Du, Y. et al. (2016) “Water bodies’ mapping from Sentinel-2 imagery 
with Modified Normalized Difference Water Index at 10-m 
spatial resolution produced by sharpening the SWIR band,” 
Remote Sensing, 8(4), 354. Available at: https://doi.org/10.3390/ 
rs8040354. 

El-Nahry, A.H. and Doluschitz, R. (2010) “Climate change and its 
impacts on the coastal zone of the Nile Delta, Egypt,” 

Multi-temporal analysis of Nouakchott floods (1994–2024) using remote sensing and key hydrological parameters 117 

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 

https://doi.org/10.1177/0956247810380141
https://doi.org/10.1177/0956247810380141
https://doi.org/10.3390/rs14236005
https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00034153/Dissertation_Alhassoun.pdf
https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00034153/Dissertation_Alhassoun.pdf
https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00034153/Dissertation_Alhassoun.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/Mauritanie-_Aide_humanitaire_d_urgence_aux_victimes_des_inondations_de_la_ville_de_Nouakchott.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/Mauritanie-_Aide_humanitaire_d_urgence_aux_victimes_des_inondations_de_la_ville_de_Nouakchott.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/Mauritanie-_Aide_humanitaire_d_urgence_aux_victimes_des_inondations_de_la_ville_de_Nouakchott.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/Mauritanie-_Aide_humanitaire_d_urgence_aux_victimes_des_inondations_de_la_ville_de_Nouakchott.pdf
https://doi.org/10.5194/egusphere-egu24-3989
https://doi.org/10.5194/egusphere-egu24-3989
https://doi.org/10.1007/s10040-001-0182-4
https://doi.org/10.5194/iahs2022-33
https://doi.org/10.3390/rs14225785
https://doi.org/10.3390/rs14225785
https://doi.org/10.1016/j.rse.2012.10.015
https://doi.org/10.1016/j.rse.2012.10.015
https://doi.org/10.4267/climatologie.1105
https://doi.org/10.4267/climatologie.1105
https://doi.org/10.70675/9a765a1cz6dcaz4d67z9d49zae4ac87c969b
https://doi.org/10.70675/9a765a1cz6dcaz4d67z9d49zae4ac87c969b
https://doi.org/10.5194/egusphere-2023-2458
https://doi.org/10.5194/egusphere-2023-2458
https://doi.org/10.1177/0956247807077149
https://doi.org/10.3390/rs8040354
https://doi.org/10.3390/rs8040354


Environmental Earth Sciences, 59, pp. 1497–1506. Available at:  
https://doi.org/10.1007/s12665-009-0135-0. 

FAO (1988) FAO-UNESCO soil map of the world: Revised legend. World 
Soil Resources Report, 60. Rome: Food and Agriculture Organiza-
tion. 

GRESARC (2006) Cartographie des risques d’inondation de Nouakchott. 
Rapport d’étude [Flood risk mapping of Nouakchott. Study report]. 
Caen: Groupe de Recherche sur les Environnements Sédimen-
taires Aménagés et les Risques Côtiers, Société des Matériaux 
Caennais. 

Hachemi, K. et al. (2015) “Multitemporal analysis of the City of 
Nouakchott (Mauritania) based on ENVISAT ASAR images,” 
Geoinformatics and Geostatistics: An Overview, 3(1). Available at:  
https://doi.org/10.4172/2327-4581.1000129. 

Kalidhas, M. and Sivakumar, R. (2022) “Image processing and 
supervised classification of LANDSAT data for flood impact 
assessment on Land Use and Land Cover,” in 2022 
2nd International Conference on Technological Advancements 
in Computational Sciences (ICTACS), Tashkent, Uzbekistan, 
10–12 Oct. 2022. New York, NY: IEEE, pp. 437–440. Available 
at: https://doi.org/10.1109/ICTACS56270.2022.9988164. 

Kouassi, A.M. et al. (2010) “Analyse de la variabilité climatique et de 
ses influences sur les régimes pluviométriques saisonniers en 
Afrique de l’Ouest : cas du bassin versant du N’zi (Bandama) en 
Côte d’Ivoire [Analysis of climate variability and of its influences 
on seasonal rainfall regimes in West Africa: Case of the N’zi 
(Bandama) watershed in Ivory Coast],” Cybergeo: European 
Journal of Geography, 513. Available at: https://doi.org/10.4000/ 
cybergeo.23388. 

Koutný, L., Skoupil, J. and Veselý, D. (2018) “Physical characteristics 
affecting the infiltration of high intensity rainfall into a soil 
profile,” Soil and Water Research, 131435367. Available at:  
https://doi.org/10.17221/93/2013-SWR. 

Kuok, K.K. et al. (2023) “Evaluation of total infiltration and storage 
capacities for different soil types in Sarawak using SWMM,” 
Discover Water, 3, 18. Available at: https://doi.org/10.1007/ 
s43832-023-00042-0. 

Maliva, R. (2021) “Sea level rise and groundwater,” in Climate 
change and groundwater: planning and adaptations for a chang-
ing and uncertain future. Cham: Springer Hydrogeology. 
Springer. Available at: https://doi.org/10.1007/978-3-030- 
66813-6_6. 

Mancini, P.C. et al. (2020) “Flood modeling and groundwater flooding 
in urbanized reclamation areas: The case of Rome (Italy),” 
Water, 12(7), 2030. Available at: https://doi.org/10.3390/ 
w12072030. 

Marshall, M. et al. (2024) “Spatio-temporal mapping of groundwater- 
related flooding using two methods: piezometric levels and 
Sentinel-2 based remote sensing,” in EGU General Assembly 
2024, Vienna, Austria, 14–19 Apr 2024, EGU24-16574. Munich: 
EGU. Available at: https://doi.org/10.5194/egusphere-egu24- 
16574, 2024. 

Massari, C. et al. (2020) “Chapter 8 – Floods in the Mediterranean area: 
The role of soil moisture and precipitation,” in M. Zribi et al. 
(eds.) Water resources in the Mediterranean region. Amsterdam: 
Elsevier, pp. 191–218. Available at: https://doi.org/10.1016/b978- 
0-12-818086-0.00008-x. 

Niang, A.J. (2014) “La résilience aux changements climatiques: cas de la 
ville de Nouakchott [Resilience to climate change: The case of the 
city of Nouakchott],” Geo-Eco-Trop, 38(1), pp. 155–168. Avail-
able at: https://www.geoecotrop.be/uploads/publications/ 
pub_381_14.pdf (Accessed: April 23, 2026). 

Nouaceur, Z. (2013) “Nouakchott, une capitale au péril des vents de 
sable, de l'ensablement et des inondations [Nouakchott, a capital 
city threatened by sandstorms, sand encroachment, and flood-
ing],” Sécheresse, 24(3), pp. 209–216. Available at: https://doi.org/ 
10.1684/sec.2013.0392. 

Ould Sidi Cheikh, M.A., Ozer, P. and Ozer, A. (2007) “Risques 
d'inondations dans la ville de Nouakchott (Mauritanie) [Flood 
risks in the city of Nouakchott (Mauritania)],” Geo-Eco-Trop, 31, 
pp. 19–42. Available at: https://geoecotrop.be/uploads/publica-
tions/pub_311_02.pdf (Accessed: April 23, 2026). 

Perona, P. et al. (2023) “Enhancing urban resilience to flooding using 
afforestation: the case of Nouakchott city, Mauritania,” Assemblée 
générale de l'EGU 2023, Vienne, Autriche, 24–28 avril 2023, 
EGU23-16423, Available at: https://doi.org/10.5194/egusphere- 
egu23-16423. 

Pezard, P. et al. (2022) “Petrophysical characterization of a clastic coastal 
aquifer with implications for saltwater intrusion and the evolution 
of groundwater resources. The DEM'EAUX ROUSSILLON 
project, Occitanie, France,” in IAHS-AISH Scientific Assembly 
2022, Montpellier, France, 29 May–3 Jun 2022, IAHS2022-536. 
Montpellier: Centre UNESCO Montpellier Université Montpellier. 
Available at: https://doi.org/10.5194/iahs 2022-536. 

Roy, S., Singh, C. and Mazumdar, S. (2025) “Seasonal water body 
detection in arid landscapes using MNDWI calibration,” Eco-
sphere, 16(2), e70332. Available at: https://doi.org/10.1002/ 
ecs2.70332. 

Scarpati, O.E., Forte Lay, J.A. and Capriolo, A.D. (2008) “La inundación 
del año 2001 en la Provincia de Buenos Aires, Argentina [The 
inundation of 2001 in Buenos Aires province, Argentina],” Mundo 
agrario, 9(17).  Available at: https://www.scielo.org.ar/pdf/magr/ 
v9n17/v9n17a05.pdf (Accessed: April 23, 2026). 

Senhoury, A. (2014) Aménagements portuaires et urbanisation accélérée 
des cotes basses sableuses d’Afrique de l’Ouest dans un contexte de 
péjoration climatique, cas du littoral de Nouakchott (Mauritanie) 
[Port development and accelerated urbanization of low sandy 
coasts in West Africa in a context of climatic deterioration: The 
case of the coastline of Nouakchott (Mauritania)]. PhD Thesis. 
University of Dakar. 

Senhoury, A. et al. (2016) “Managing flood risks using nature-based 
solutions in Nouakchott, Mauritania,” in F. Renaud et al. (eds.) 
Ecosystem-based disaster risk reduction and adaptation in 
practice. Advances in natural and technological hazards research, 
42. Cham: Springer, pp 435–455. Available at: https://doi.org/ 
10.1007/978-3-319-43633-3_19. 

Sidi, M.L. (2024) Caractérisation de l’évolution du profil climatique 
permettant d’évaluer les menaces d’érosion et de submersion 
marine de la ville de Nouakchott et de ses environs immédiats (du 
PK 28 au sud jusqu’au port de Tanit au nord). Rapport interne 
[Characterization of the evolution of the climatic profile for 
assessing the threats of erosion and marine flooding in the city of 
Nouakchott and its immediate surroundings (from PK 28 in the 
south to the Port of Tanit in the north)]. Nouakchott: Office 
National de la Météorologie de Mauritanie. 

Sivanpillai, R. et al. (2023) “Mapping newly inundated areas in post- 
flood Landsat images using thresholding techniques,” The 
International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences., XLVIII-M-3-2023, pp. 235– 
239. Available at: https://doi.org/10.5194/isprs-archives-XLVIII- 
M-3-2023-235-2023. 

Tramblay, Y. et al. (2021) “Evaluation of the drivers responsible for 
flooding in Africa,” Water Resources Research, 57(6), 
e2021WR029595. Available at: https://doi.org/10.1029/2021WR 
029595. 

118 Melainine Mouhcin Aillal, Sidi Muhamed Kebd, El Moctar Cheikh Mohamed Sidina, Mohamed Yahya Lafdal 

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 

https://doi.org/10.1007/s12665-009-0135-0
https://doi.org/10.4172/2327-4581.1000129
https://doi.org/10.1109/ICTACS56270.2022.9988164
https://doi.org/10.4000/cybergeo.23388
https://doi.org/10.4000/cybergeo.23388
https://doi.org/10.17221/93/2013-SWR
https://doi.org/10.1007/s43832-023-00042-0
https://doi.org/10.1007/s43832-023-00042-0
https://doi.org/10.1007/978-3-030-66813-6_6
https://doi.org/10.1007/978-3-030-66813-6_6
https://doi.org/10.3390/w12072030
https://doi.org/10.3390/w12072030
https://doi.org/10.5194/egusphere-egu24-16574
https://doi.org/10.5194/egusphere-egu24-16574
https://doi.org/10.1016/b978-0-12-818086-0.00008-x
https://doi.org/10.1016/b978-0-12-818086-0.00008-x
https://www.geoecotrop.be/uploads/publications/pub_381_14.pdf
https://www.geoecotrop.be/uploads/publications/pub_381_14.pdf
https://doi.org/10.1684/sec.2013.0392
https://doi.org/10.1684/sec.2013.0392
https://geoecotrop.be/uploads/publications/pub_311_02.pdf
https://geoecotrop.be/uploads/publications/pub_311_02.pdf
https://doi.org/10.5194/egusphere-egu23-16423
https://doi.org/10.5194/egusphere-egu23-16423
https://doi.org/10.5194/iahs2022-536
https://doi.org/10.1002/ecs2.70332
https://doi.org/10.1002/ecs2.70332
https://www.scielo.org.ar/pdf/magr/v9n17/v9n17a05.pdf
https://www.scielo.org.ar/pdf/magr/v9n17/v9n17a05.pdf
https://doi.org/10.1007/978-3-319-43633-3_19
https://doi.org/10.1007/978-3-319-43633-3_19
https://doi.org/10.5194/isprs-archives-XLVIII-M-3-2023-235-2023
https://doi.org/10.5194/isprs-archives-XLVIII-M-3-2023-235-2023
https://doi.org/10.1029/2021WR029595
https://doi.org/10.1029/2021WR029595


World Bank (2023) Rapport sur la situation économique en Mauritanie 
2023 : naviguer dans la tempête - comment l'urbanisation et le 
changement climatique affectent les risques d'inondation en 
Mauritanie [2023 Economic update on Mauritania: Navigating 
the storm – How urbanization and climate change exacerbate the 
risk of flooding in Mauritania]. Washington, DC: World Bank. 
Available at: https://www.worldbank.org/en/country/mauritania/ 
publication/rapport-sur-la-situation-economique-en-mauritanie- 
2023-naviguer-dans-la-tempete (Accessed: October 10, 2025). 

Wu, W. (2007) “Coastline evolution monitoring and estimation – 
a case study in the region of Nouakchott, Mauritania,” 

International Journal of Remote Sensing, 28(24), pp. 5461–5484. 
Available at: https://doi.org/10.1080/01431160701227612. 

Wu, W., Courel, M. and Rhun Le, J.L. (2003) “Application of remote 
sensing to the urban expansion analysis for Nouakchott, 
Mauritania,” Environmental Science, Geography, Engineering 
Geocarto International, 18(1), 129035114, pp. 17–24. Available 
at: https://doi.org/10.1080/10106040308542259. 

Xu, H. (2006) “Modification of Normalized Difference Water Index 
(NDWI) to enhance open water features in remotely sensed 
imagery,” International Journal of Remote Sensing, 27(14), 
pp. 3025–3033. Available at: https://doi.org/10.1080/01431160 
600589179. 

Multi-temporal analysis of Nouakchott floods (1994–2024) using remote sensing and key hydrological parameters 119 

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 

https://www.worldbank.org/en/country/mauritania/publication/rapport-sur-la-situation-economique-en-mauritanie-2023-naviguer-dans-la-tempete
https://www.worldbank.org/en/country/mauritania/publication/rapport-sur-la-situation-economique-en-mauritanie-2023-naviguer-dans-la-tempete
https://www.worldbank.org/en/country/mauritania/publication/rapport-sur-la-situation-economique-en-mauritanie-2023-naviguer-dans-la-tempete
https://doi.org/10.1080/01431160701227612
https://doi.org/10.1080/10106040308542259
https://doi.org/10.1080/01431160600589179
https://doi.org/10.1080/01431160600589179

	INTRODUCTION
	MATERIALS AND METHODS
	STUDY AREA
	DATA USED
	DATA PROCESSING
	VALIDATION OF THE MNDWI CLASSIFICATION
	CLIMATIC AND HYDRODYNAMIC CONDITIONS
	Rainfall
	Soil infiltration capacity
	Groundwater dynamics


	RESULTS
	ANALYSIS OF FLOOD EVOLUTION IN NOUAKCHOTT (1994–2024)
	DIGITAL ELEVATION MODEL (DEM) OF NOUAKCHOTT
	Processing of the digital elevation model
	Classification of flood risk zones

	VARIATION IN PRECIPITATION
	ANALYSIS OF SOIL PHYSICAL PROPERTIES
	PIEZOMETRIC DATA
	MAPPING OF FLOOD RISK ZONES IN NOUAKCHOTT

	DISCUSSION
	CONCLUSIONS
	CONFLICT OF INTERESTS
	INSTITUTIONAL REVIEW BOARD STATEMENT
	REFERENCES

