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Abstract: Algiers city frequently experiences significant flooding during rainy weather due to the 
overflow of its storm sewer network (SSN). Through modeling, simulation, and field studies, vulnerable 
points of the network have been identified. These points are classified based on a combined assessment 
of hazard and vulnerability. Hazard is estimated using the Analytical Hierarchical Process (AHP) method, 
which considers the return period, overflowing height, slope, elevation, and waterproofing. On the other 
hand, vulnerability is determined by population density. Risk is determined by multiplying hazard and 
vulnerability. Additionally, a classification based on the FMECA method's criticality index has been 
performed to complement the approach. The concordance between the two methods is evaluated 
using Lin's concordance correlation coefficient (CCC), showing strong agreement. The sensitivity analysis 
conducted on the models highlights their reliability and robustness, making the obtained results 
trustworthy and useful for network managers. This analysis aids in effective flood management by 
allocating resources and interventions to the most vulnerable areas of Algiers city.  
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1. Introduction 
Flooding is a significant challenge urban areas face worldwide, posing risks to infrastructure, 
public safety, and the overall well-being of communities. Algiers, the capital city of Algeria, is 
no exception to this problem. During periods of rainfall, the city of Algiers frequently 
experiences severe flooding caused by the overflow of its storm sewer network (SSN). These 
overflows can be attributed to several factors, with the primary ones being inadequate 
capacity in certain sections of the network, unregulated urban development, and the growing 
trend of waterproofing catchment areas. The SSN of the central part of the city of Algiers has 
been modeled to study its behavior during rainy weather. Modeling has become a crucial 
tool for effective flood risk management (Mohammed et al., 2021; Obaid et al., 2014). By 
analyzing the outcomes of the modeling and investigating past incidents of overflow, it has 
been possible to identify the key areas that are particularly vulnerable to network overflow.  
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The objective of the study is to create a straightforward yet efficient methodology that relies 
on minimal data in order to help network managers classify sensitive areas. The classification of 
these sensitive areas constitutes an important element in the flood risk management strategy 
since it makes it possible to define the intervention priorities in the management of the 
sanitation network. The main novelty of this study was the simultaneous utilization of multi-
criteria decision-making, cartography, and digital simulation techniques. It is important to note 
that no similar studies had been conducted for Algiers city before. To enhance the credibility of 
our results, we used two methods, thus ensuring a comprehensive and trustworthy outcome. 

The first is based on the concepts of hazard and vulnerability. The hazard is defined by the 
return periods (model input) and the overflow heights resulting from the simulation results 
(model output) using the Mike Urban software developed by the Danish Hydraulic Institute 
(2019). The simulation focuses on two flow processes: hydrological simulation, using single and 
double linear reservoir models, and hydraulic simulation involving the resolution of Saint 
Venant equations. Model calibration is conducted based on rainfall-flow measurements 
obtained during rainy weather conditions. In addition to the two mentioned criteria, we also 
use slope, elevation, and waterproofing coefficient to quantify the hazard using the Analytical 
Hierarchy Process (AHP) method. AHP has been widely utilized for evaluating the sustainability 
of sanitation networks and specifically for assessing flood risks (Benbachir et al., 2022; 
Benbachir et al., 2020; Fernández & Lutz, 2010; Kazakis et al., 2015), tsunamis (Poursaber & 
Ariki, 2016), landslides (Ramos et al., 2014), droughts (Ekrami et al., 2016), and seismic risks 
(Fentahun et al., 2021). Vulnerability is assessed using population density (Cabrera & Lee, 2020). 

The second classification approach relies on the utilization of the Failure Mode, Effects and 
Criticality Analysis (FMECA) method to determine the criticality index. FMECA combines the 
principles of Failure Mode and Effects Analysis (FMEA) with criticality analysis (CA). Originally 
developed by NASA and the automotive industry in 1967, FMEA is known for its ease of use 
and clear interpretability of results. Its effectiveness has been demonstrated across various 
domains such as nuclear, aerospace, and medical industries (Rassiah et al., 2020; Sharma et al., 
2005). In this study, the evaluation of flood risk is represented by a criticality index, which is 
determined by the integration of three key parameters: hazard, vulnerability, and detectability. 

The concordance of the results obtained is checked using Lin's concordance correlation 
coefficient (CCC), the value of which shows a very good concordance according to Landis and 
Koch (1977). Both approaches are subjected to a sensitivity analysis to study their stability and 
robustness. 

2. Methodology 
2.1. Flood risk assessment 
The concept of risk is in itself quite complex, and its definition can vary depending on the 
field of study (Fischhoff et al., 1984). Risk can be defined as the anticipated losses, 
encompassing human lives, injuries, property damage, and disruptions to economic 
activity, resulting from a specific hazard within a defined area and time frame (United 
Nations Department of Humanitarian Affairs [UNDHA], 1992). Based on mathematical 
calculations, risk is the product of hazard and vulnerability. The calculation of risk follows 
Equation 1, as stated in various studies (Kiyong & Jeong-hun, 2019; UNDHA, 1992; Vojtek 
& Vojteková, 2016). 
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 Ri = Hi ∙ Vi (1) 
 

Where Ri is Risk at point i, Hi is Hazard at point i, Vi is Vulnerability at point i, i = 1 to n, 
n = number of flood points (FP). 

The risk values obtained are converted and transfered on a scale of 10 according to 
Equation 2 and 3: 
 

 
max

10
R
RS i

ci

⋅
=  (2) 

 

 maxmaxmax VHR ⋅=  (3) 
 

where Sci is Risk score out of 10, Rmax is Maximum score of risk, Ri is Risk at point i, Hmax is 
Maximum score of hazard, and Vmax is Maximum score of Vulnerability. 

2.1.1. Flood hazard assessment 
In accordance with previous studies conducted by Leal et al. (2022), Vojtek and Vojteková (2016), 
Yin et al. (2015), and the United Nations Disaster Relief Coordinator (1991), hazard is defined as 
the combination of the probability of occurrence (return period) and the magnitude 
characteristics of a flood, such as overflow height, flow velocity, or discharge duration. 
Additionally, hazard is influenced by other parameters, including topographic and 
environmental factors, which affect the extent of the affected area (Wu et al., 2022; Cabrera & 
Lee, 2020; Nigusse & Adhanom, 2018). This article defines hazard based on the overflow height, 
return period, slope, elevation, and waterproofing coefficient, using the following Equation (4): 
 

 Hi  = wi Hoi + wi Ti + wi Si + wi Ei + wi Cwi     (4) 
 

where Hi is hazard at point i, Hoi is overflow height at point i, Ti is return period at point i, Si  
is slope at point i,, Ei is elevation at point i, Cwi waterproofing coefficient at point i, and wi 
are the weight coefficients determined by the AHP method and presented in Table 3. 

The overflow height and return period are considered fundamental elements in defining 
flood hazard, giving them greater significance compared to other parameters. Elevation and 
slope are two complementary parameters. Indeed, elevation plays a key role in controlling 
the flow direction (Fernández & Lutz, 2010), while slope influences the speed of runoff water. 
Nachappa and Meena (2020) and Seejata et al. (2018) estimated that slope is more 
important than elevation in estimating the flood hazard index and flood risk zone, 
respectively, while Fernández and Lutz (2010) considered them to have the same degree of 
importance. Therefore, based on previous research and the localization of flood points, it 
has been noted that among the 23 flood points with significant overflowing heights (classes 
3 and 4), 22 (96%) are located in areas with low slopes. This percentage decreases to 73% 
for elevation. This leads us to consider that the slope parameter is more important than 
elevation. Finally, the waterproofing of soils, which has a direct impact on hydrological 
dynamics, leads to an increase in runoff velocity, resulting in a reduction in the time of 
concentration and an increase in the flow rate (Nunes & Rosa, 2020). 

The behavior of the SSN is simulated using the Mousse algorithm from Mike Urban 
software. This algorithm allows us to input the return periods and calculate the corresponding 
overflow heights. Figure 1 illustrates diagram of the SSN simulation. The calibration of the 
model was done on the basis of rain-flow data carried out for several rain events. 
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Figure 1. Sewer network simulation diagram. 

2.1.2. Vulnerability assessment  
There are many definitions of vulnerability, and Nasiri et al. (2016) gave a summarized overview 
of them. However, it is important to note that we can only meaningfully talk about the 
vulnerability of a specific system to a specified danger or range of dangers (Brooks, 2003). 
Vulnerability can be defined as a combination of circumstances resulting from physical, 
social, and economic factors that increase the community's susceptibility to natural hazards 
(United Nations International Strategy for Disaster Reduction [UNISDR], 2009). 

Furthermore, vulnerability holds utmost importance in the assessment of flood risk, as it 
determines whether exposure to a hazard poses a significant threat (Nasiri et al., 2016). For 
example, individuals residing in regions with lower altitudes face greater susceptibility to 
flood risk compared to those residing in higher elevated areas. The evaluation of flood 
vulnerability involves assessing the level of susceptibility and exposure of a specific location 
to flooding events (Danumah et al., 2016). Within the scope of this study, the sole indicator 
used to assess vulnerability to pluvial flooding is the measure of population density. 

2.2. AHP method 
The method is based on the comparison of criteria two by two. From the construction of a square 
matrix (M) of order n, n being the number of criteria (Equation 5), we evaluate the relative 
importance mij of a criterion i compared to another j using the judgment scale in Table 1. 
 

                 M =�

m11 m12 . m1n
m21 m22 . m2n

. . . .
mn1 mn2 . mnn

� ,           mii=1,       mji  =
1

mij 
,      mij≠0                         (5) 

 

Table 1. AHP method judgment scale (Saaty, 1980) 

Preference  1 3 5 7 9 2, 4, 6, 8 

Defintion Equally 
preferred 

Lowly 
preferred 

Strongly 
preferred 

Very strongly 
preferred 

Absolutely 
preferred 

Intermediate 
judgments 
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The random coherence index (RI) values are calculated based on a sample of 500 
randomly generated matrices (Saaty, 1980). For a matrix of order 5, the RI value is 
determined to be 1.12. 
 
Table 2. Comparison of hazard criteria 

Criteria Ho E S Cw T 
Ho 1 3 2 5 2 
E 1/3 1 1/2 2 1/3 
S 1/2 2 1 3 1/2 

Cw 1/5 1/2 1/3 4 1 
T 1/2 3 2 4 1 

 

Table 3. Standardization of hazard criteria 
Criteria Ho E S Cw T w 

Ho 0.39 0.32 0.34 0.33 0.49 0.38 
E 0.13 0.11 0.09 0.13 0.08 0.11 
S 0.20 0.21 0.17 0.20 0.12 0.18 

Cw 0.08 0.05 0.06 0.07 0.06 0.06 
T 0.20 0.32 0.34 0.27 0.27 0.27 

 

 
With, consistency ration (CR) = 0.02 < 0.1 and λmax= 5.07; Equation 4 giving hazard 

therefore becomes Equation 6: 
 
                                  Hi  = 0.38 Hoi + 0.27 Ti + 0.18 Si + 0.11 Ei + 0.06 Cwi                           (6) 

 
The procedure for applying the method is illustrated by the flowchart in Figure 2. 

 

 
Figure 2. Application step of the AHP method. 

2.3. Evaluation of the criticality index (FMECA method)  
The FMECA is a method developed to determine potential failure modes in a product or 
system in order to assess risk before any issues arise (Lipol & Haq, 2011). In this study, the 
criticality index (IC) is determined based on three parameters: hazard, vulnerability, and 
detectability. Each parameter is defined by a set of criteria (Figure 3).  
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Figure 3. Criticality index calculation flowchart. 

For each criterion, specific classes are defined, and scores are assigned accordingly. The 
scores are assigned in descending order, reflecting the preference for more unfavorable 
values within each criterion. The overall score for each parameter is calculated using 
Equation 7: 
 

 j
n
jc ScS 1=∑=  (7) 

 

where, Scj is the score given to criterion j of the parameter considered, and n is number of criteria. 
The product of the three parameters above allows to define a failure criticality index 

(Equation 8): 
 

 )()ln()( ityDetectabilerabilityVuHazardc ScScScI ⋅⋅=  (8) 
 

The criticality indices obtained are transformed on a scale of 10, using Equations 9 and 10: 
 

 
max

c
c

c
I I

ISc 10⋅
=  (9) 

 

 )()ln()( maxmaxmax ityDetectabilerabilityVuHazard
ScScScIc ⋅⋅=  (10) 

 

The criteria for the two parameters, “Hazard” and “Vulnerability”, are classified according 
to Tables 5 and 6, respectively. The classes of the “Detectability” criteria are indicated in 
Table 4. 
 
Table 4. Criteria and classes of the “Detectability” parameter—Performance scale 

Criteria Classes Scores 

Overflow visibility Uncrowded area (parking, forest, ravine, etc.) 1 
Fairly frequented area (road, boulevard, etc.) 2 

Testimony (residents, etc.) No 0 
Yes 0.5 
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3. Results and discussion 

3.1. Hazard 
The overflow heights from the simulations have been grouped into four classes using the 
mean and standard deviation method. Each class is assigned a score from 1 to 4 (Table 5). 
The score increases with higher overflow heights. For each class, a linear equation is 
calculated based on the class boundaries. This results in four equations, as indicated in Table 
5. The purpose of this linear variation is to refine the scores assigned to each class by 
considering the actual height value obtained at a specific point. 
 
Table 5. Classes of Hazard criteria—Performance scale 

Criteria Weight Classes FP Number  Scores Within-class variation 
equation 

Ho(m) 0.38 

0.03–0.13 3 1 10.22 Hoi  + 0.69 
0.13–0.25 7 2 7.88 Hoi  + 0.99 
0.25–0.38 13 3 7.88 Hoi  + 0.99 
0.38–0.51 10 4 7.79 Hoi  + 1.03 

T (years) 0.27 

2 15 6  
5 7 5  
10 2 4  
20 2 3  
50 6 2  
100 1 1  

S (%) 0.18 

0.0028–2.737 
2.737–6.99 
6.99–13.82 
13.82–38.74 

16 
13 
4 
0 

4 
3 
2 
1 

–0.37 Si + 4 
–0.24 Si + 3.64 
–0.15 Si + 3.02 
–0.04 Si + 1.55 

E (m) 0.11 

0–64 
64–151 
151–231 
231–381 

20 
7 
2 
4 

4 
3 
2 
1 

–0.0156 Ei + 4 
–0.01 Ei  + 3.74 
–0.01 Ei  + 3.87 
–0.01 Ei   + 2.55 

Cw(%) 0.06 

0–24 
24–51 
51–75 
75–95 

3 
12 
12 
6 

1 
2 
3 
4 

0.04 Cwi + 1 
0.04 Cwi + 1.11 
0.04 Cwi + 0.88 
0.05 Cwi + 0.25 

Note. FP: Flood Points. 

Return periods were grouped into six classes (Table 5), with the highest score given to 
the lowest return period. The score (1 to 6) is higher for shorter return periods. We 
acknowledge that the range of return periods varies significantly between small values (e.g., 
two years, five years) and large values (e.g., 50 years, 100 years). However, the impact of 
overflow is more frequently observed for smaller return periods compared to larger ones. 
Hence, for simplicity, we have chosen an equal interval rating scale, despite the varying 
ranges of return periods. The overflow and the return periods of each point, are presented 
in Figure 4. 
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Figure 4. Simulation results: Overflow heights (A) and Return periods (B). 

For each point, we retain the height and the return period corresponding to the appearance 
of the first overflow. Unquestionably the point which overflows for a return period T also 
overflows for periods greater than T. To estimate and consider the slope, elevation, and 
waterproofing coefficient parameters, we conducted mapping using ArcMap (Figure 5). The 
resulting maps were classified using the Jenks (1967) natural breaks method. Each class is 
assigned a score from 1 to 4 (Table 5). 
 

 
Figure 5. The criteria maps: Slope (A), Elevation (B), and Waterproofing coefficient (C). 
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The assigned score is higher for areas 
with lower slope and elevation (indicating 
higher susceptibility to flooding). Conversely, 
a higher score was given to areas with higher 
waterproofing coefficient, indicating a greater 
potential impact from flooding. Variations 
within the same class were considered linear. 
Figure 5 presents maps of slope, elevation, 
and the waterproofing coefficient, as well as 
the locations of flood points (black points on 
the maps). 

3.2. Vulnerability  
To estimate population density, a map was 
generated using the ArcMap (Figure 6). The 
resulting map is divided into four classes 
using the Jenks (1967) natural breaks method. 

Each class is assigned a score ranging from 1 to 4 (Table 6). The areas exhibiting higher 
population density were assigned the highest scores, signifying a heightened vulnerability to 
flood-related impacts. On the other hand, areas with low population density were assigned 
the lowest scores. 
 
Table 6. Classes of vulnerability criteria—Performance scale 

3.3. Risk and criticality index 
The scores obtained for each point, using the two developed methods are summarized in 
Figure 7. It can be seen that the two graphs have a similar appearance, and in certain areas, 
they are overlapped. Both methods identify points 4, 10, and 16 as the most critical ones. Point 
4 is situated in a densely urbanized area at the city center. The inadequate capacity of the 
drainage system, combined with a low slope, causes recurring overflows during rainfall events. 
This significantly disrupts both the daily lives of the population and economic activities, 
especially given the presence of a bus and train station, as well as a port in the vicinity. Point 10 
is located in a low-lying area with a low slope, serving as a crucial route toward the industrial 
zone in the eastern part of the capital. It experiences frequent flooding events with a 2-year 
return period. The configuration of the collector at point 16 is unique, as it involves a narrow-
sectioned collector installed within the wadi's bed. In various locations, the wadi's bed has 
been modified to facilitate the passage of specific obstacles, including roads, railways, and 
urbanized areas which gradually covered the bed of the wadi. Consequently, these areas 

Criteria Classes FP Number  Scores 
Within-class variation 

equation 

Dp 
(people per sq. km) 

2,587–5,125 
5,125–9,621 
9,621–11,953 
11,953–32,581 

8 1 0.00039 Dpi
 – 0.02 

0.00022 Dpi
+ 0.86 

0.00043 Dpi
 – 1.13 

0.00005 Dpi
+ 3.42 

4 2 
10 3 
11 4 

 
Figure 6. Map of Population density. 
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experience frequent overflows that are exacerbated by the congestion of the wadi's bed and 
crossing structures due to the accumulation of substantial amounts of waste. 
 

 
Figure 7. Risk and criticality index results according to overflow points. 

To further investigate the agreement between the results obtained from the two 
methods, the Lin concordance coefficient is calculated. According to Desquilbet (2019), 
neither the correlation coefficient, nor the leading coefficient of a regression line, or the 
statistical comparison of the means of the two series may accurately assess the concordance 
between two sets of measurements. Therefore, one recommended approach is to calculate 
Lin's CCC introduced by Lin (1989). Lin's CCC is a coefficient ranging from –1 to +1, where 
values closer to +1 indicate better concordance, values closer to –1 indicate poorer 
concordance, and a value of 0 indicates no concordance. The coefficient quantifies the 
differences between the correlation points of the compared series and the line Y = X, which 
represents perfect concordance (Desquilbet, 2019). Lin's CCC is given by Equation 11: 
 

                                                    CC = 2r ∙ s1 ∙ s2

�M1 – M2�
2
 +  s1

2+ s2
2
                                                       (11) 

 

where CC is Lin's concordance coefficient, r is Pearson's correlation coefficient, M1 and M2 are 
averages of risk and criticality index respectively, s1 and s2 are standard deviations of risk and 
criticality index respectively. The Landis and Koch classification (Desquilbet, 2019; Donner & 
Eliasziw, 1987) is used to interpret the calculated Lin coefficient. 
 
Table 7. Landis and Koch classification 

Lin's CCC < 0 0–0.20 0.21–0.40 0.41–0.60 0.61–0.80 0.81–1.00 
Interpretation Very bad Bad Fair Mean Good Very good 

 
The value of the Lin's CCC calculated between the risk results and the criticality index is 

equal to 0.88, indicating a very good concordance according to the scale in Table 7. The 
determination coefficient, on the other hand, is equal to 0.81 (Figure 8). 
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4. Model validation—Sensitivity analysis 
Sensitivity analysis is the study of the impact of 
the uncertainties of one or more input variables 
on the uncertainty of the model output (Pichery, 
2014). This analysis is useful because it makes it 
possible to check the reliability of the used 
model and to add credibility to obtain results. 

4.1. Validation of risk's model 
The assessment of the first approach's sensitivity 
relies on the hazard, given that vulnerability is 
characterized by a single parameter. To accomplish 
this, we will adjust the values in the comparison 
matrix (Table 2) by altering the judgment scale (Table 1) used in the AHP method. By doing so, we 
can investigate the sensitivity of hazard assessment and observe the resulting effects on the risk 
scores. The updated comparison matrices, denoted as M1 to M3 (of order 5), are presented in 
Table 8. 
 
Table 8. Mi comparison matrices of the hazard criteria 

Matrix  M1  M2  M3 
Criteria  Ho E S Cw T  Ho E S Cw T  Ho E S Cw T 

Ho  1 2 2 5 2  1 3 2 4 2  1 3 2 5 2 
E  1/2 1 1 3 1/2  1/3 1 1/2 1 1/2  1/3 1 1/2 2 1/2 
S  1/2 1 1 3 1/2  1/2 2 1 2 1/2  1/2 2 1 3 1/2 

Cw  1/5 1/3 1/3 1 1/4  1/4 1 1/2 1 1/3  1/5 1/2 1/3 1 1/3 
T  1/2 2 2 4 1  1/2 2 2 3 1  1/2 2 2 3 1 

 
The three scenarios that were studied yield hazard (Hs) as expressed by Equations 12 to 14: 

 
                               Hs1i = 0.36 Hoi + 0.26 Ti + 0.16 Si + 0.16 Ei + 0.06 Cwi                           (12) 
 
                              Hs2i = 0.38 Hoi + 0.25 Ti + 0.17 Si + 0.11 Ei + 0.09 Cwi                            (13)        
 
                             Hs3i = 0.38 Hoi + 0.24 Ti + 0.19 Si + 0.12 Ei + 0.07 Cwi                            (14) 
 
where Hs1i , Hs2i Hs3i, are the hazard resulting from the matrices M1, M2, M3 respectively, at 
point i. The risk Rs, after sensitivity study, is given by Equation 15: 

                                                          Rsk = Hski  ∙ V                                                             (15) 

where k = 1 to 3. 
The maximum relative difference and 

the coefficients of determination after 
sensitivity study depending on hazard are 
summarized in Table 9. 
 

Table 9. Relative difference and coefficient of 
determination (influence of hazard) 

Series Maximum relative difference (%) R2 
R and Rs1 1.53  
R and Rs2 1.64 .99 
R and Rs3 1.63  

 

 
Figure 8. Comparison of R and IC 

(correlation by the line Y = X). 
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4.2. Validation of the FMECA model 
To study the sensitivity of the second approach based on FMECA, we vary the parameters of 
slope, elevation, and waterproofing coefficient one by one using the scale in Table 10. The 
variation results are grouped together in Table 11. 
 
Table 10. Classes and scales of performance for the FMECA model—Sensitivity study 

Criteria Classes FP Number Scores Within-class variation 
equation 

S (%) 

0.0028–1.978 
1.978–4.864 
4.864–8.511 
8.511–13.670 

13.670–21.578 
21.578–38.740 

10 
14 
7 
1 
1 
0 

6 
5 
4 
3 
2 
1 

–0.06 Si + 2.26 
–0.13 Si + 3.73 
–0.19 Si + 4.65 
–0.27 Si + 5.33 
–0.35 Si + 5.69 
–0.51 Si + 6.01 

E (m) 

0–42 
42–93 
93–152 
152–214 
214–276 
276–381 

17 
6 
4 
2 
4 
0 

6 
5 
4 
3 
2 
1 

–0.01 Ei + 3.64 
–0.02 Ei + 5.41 
–0.02 Ei + 5.49 
–0.02 Ei + 5.55 
–0.02 Ei + 5.82 
–0.024 Ei + 6 

Cw (%) 

0–21 
21–41 
41–54 
54–65 
65–77 
77–95 

2 
7 
6 
4 
9 
5 

1 
2 
3 
4 
5 
6 

0.05 Cwi + 1 
0.05 Cwi + 0.87 
0.08 Cwi – 0.24 
0.09 Cwi – 0.89 
0.08 Cwi – 0.47 
0.06 Cwi – 1.69 

 
Based on the analysis conducted, it can 

be concluded that the risk and criticality 
index values obtained from the two models 
developed in this study are not significantly 
influenced by changes in the scores of the 
criteria. This finding suggests that the 
models exhibit stability and robustness in 
their calculations. The fact that the models 

are not sensitive to changes in the criteria scores is an important validation step, as it 
confirms the reliability of the models' outcomes. These findings provide confidence in the 
models' ability to effectively evaluate and prioritize sensitive areas. Overall, the validation 
and stability analysis performed on the models demonstrate their reliability and suitability 
for supporting decision-making processes related to flood risk management. 

5. Conclusion 
In this study, we used the overflow heights derived from hydrological and hydraulic 
simulations of Algiers' SSN. Additionally, we incorporated the corresponding return periods 
for each overflow height, as well as the slope, elevation, and waterproofing coefficients, to 
assess the level of hazard using the AHP method. This methodology enabled us to 

Table 11. Relative difference and coefficient of 
determination (FMECA model) 

Criteria 
Maximum relative 

difference % 
R2 

S  2.75  
E 2.53 .99 
Cw 3.73  
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determine the relative importance of each criterion. To evaluate vulnerability, we relied on 
population density as an indicator, considering the unavailability of other pertinent data. 

To ensure the reliability of the risk model employed, we conducted a sensitivity analysis 
by adjusting the weights assigned to various criteria. We examined the influence of each 
criterion on the overall risk assessment. The differences in risk scores between the original 
model and the sensitivity analysis were small, not exceeding 2%. This finding demonstrates 
the stability and consistency of the risk estimation. 

In addition to the risk assessment, we also explored the risk of flooding using the criticality 
index derived from the FMECA method. This method was chosen due to its recognized 
reliability and robustness, as evidenced by previous studies referenced in our research. The 
sensitivity analysis conducted on the criticality index yielded results comparable to the initial 
risk model, further validating its reliability and effectiveness in assessing flood risk. 

The concordance between the flood risks obtained from the two approaches, namely the 
equation-based risk model and the FMECA model, was evaluated using Lin's CCC, which 
demonstrated a high level of concordance with a value of 0.88. This indicates a strong 
agreement between the results obtained from both models, supporting the overall reliability 
and consistency of our risk assessment framework. 

A study has already been conducted on the SSN of Bejaia city by Azoune and Cherrared 
(2022). They utilized AHP and FMECA methods to classify the overflowing points. The calibration 
of the results was carried out using an inundation area map established based on past flood 
events, which is not available for the current case discussed in this paper. 

While our study provided valuable insights into flood risk assessment and management, it 
is important to acknowledge certain limitations. One key limitation is the availability of data. A 
better understanding of the damaged goods, the condition of buildings, and the precise 
extent of the affected area enhances the relevance and practical implications of the study. To 
refine evaluations of flood impact, especially regarding vulnerability, it is essential for future 
research efforts to prioritize the collection of more comprehensive and detailed data. 

This study is part of a global approach which consists of minimizing the failures of the 
Algiers sewerage network. In particular, managing and reducing flood points (black points). 
The right intervention strategy would be to start with those that present a greater risk and 
impact. The solutions should be other than the so-called “conventional” ones. They should be 
adapted to the specificities of each point by trying to introduce methods which consist in 
limiting the flow rates of rainwater runoff by alternative techniques (drainage trenches, reuse of 
roof water, etc.), some of which make it possible to recover rainwater. It would be a welcome 
resource in an arid country such as ours. 

We hope that our study provides a comprehensive framework for flood risk assessment 
and management in the Algiers sewerage network. The stability, reliability, and concordance 
of the risk models employed validate their effectiveness in identifying critical zones and 
guiding intervention strategies. 
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