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Abstract

The area is a part of the Egyptian Eastern Desert in the northwestward to the
Gulf of Suez. It covers an area of about 542 square kilometers. Wadi Bada’a is
devoid of vegetation, because of the arid climate and water scarcity. However,
the present study concerns the flash flood and its impact on the industrial
zone and connected road at wadi Bada’a. In this work, the bivariate statistical
method using frequency ratio was used to evaluate the areas of potential risk.
Geographic Information System package (GIS) was used to analyze and cal-
culate different data sets. The different data source has been used in the re-
search to produce a flood hazard susceptibility map of the area, including the
geologic maps, Landsat-8 imagery, land use, and soil type associated with
field investigation and data collection. Spatial database with elements at risk,
related features and attributes at wadi Bada’a, were constructed. Training data
were created randomly in the study area to create an inventory map with
testing data. The inventory location of 95 location points has been created.
The inventory datasets were divided into 75% of training datasets and 25%
testing data. The independent flood-related factors were evaluated by analyz-
ing each independently and assessing their impact on flooding with inventory
datasets. The flood susceptibility maps were constructed-using training and
testing datasets have been used to evaluate using the success rate method. The
results of the accuracy assessment showed a success rate of 76.6% of Area
Under Curve. Therefore, the main road in the study area almost at high risk
in many parts because of flash flood, additionally the industrial activities lo-
cated in the moderate risk zone.
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1. Introduction

Floods are considered as one of the major natural events worldwide causing the
damage to property and human loss and in numerous spots strikes all of a sud-
den. Hazard refers to the probability of a potentially dangerous phenomenon
occurring in a given location within a specified period of time (Alexander, 1993).
In spite of the fact that Egypt is situated in the dry district and precipitation sel-
dom and regularly falling, henceforth, flooding is tricky in both developed and
undeveloped territory because of the absence of arranging and database records.
Adverse impacts identified with flooding have enormously expanded and there
is requirement for powerful tools, demonstrating and comprehension under-
standing of these impacts to help mitigate the most noticeable adverse effects of
flooding catastrophes and the requirement for the advancement of a framework
to comprehend the risky regions. Consequences of human residence, for exam-
ple, spontaneous fast urban improvement, uncontrolled developments or real
changes in land use can affect the spatial and temporal pattern of the hazards.
Many authors developed different methods to evaluate and produce susceptibil-
ity flood hazard maps using qualitative and quantitative techniques (Matori,
2012), artificial neural networks (ANNs) (Campolo et al., 2003; Kia et al., 2012),
frequency ratio (Lee et al., 2012), decision tree (DT) (Tehrany et al., 2013), logis-
tic regression (Pradhan, 2010a). Using geographic information systems and re-
mote sensing images can expedite the location of areas that are likely to flood
and are powerful tools to attain accurate land use maps and therefore, detection
of land use changes will be possible (Youssef et al., 2005).

The water velocities have the tendency to be high in flash floods; as discharge
increases, water velocity increases. With these higher velocities, streams tend to
import and transport larger particles. These large particles restricted to rocks,
which could be objects of infrastructures in its way. Within the study area, the
industrial zone is located, counting much of heavy industry plants (cements,
steel, fertilization, etc.) having thousands of individuals and equipments, in ad-
dition to infrastructures. Studying the flash floods in such area becomes essential
to raise the flag of the risk before occurrences. In order to determine the flash
flood risk in the study area bivariate statistical methods have been used to define
the area of risk. Techniques for the reconstructing of such flooding mapping and
its belongings and breaking down different impacts using remote sensing infor-
mation were created before with (Mason et al., 2010; Pradhan, 2010b; Pradhan &
Lee, 2010a, 2010b; Pradhan et al., 2014; Youssef et al., 2009, 2013, 2014a, 2014b,
2014c, 2015; Youssef et al., 2016). Lee et al. (2012) mentioned that the frequency
ratio is able to perform bivariate statistical analysis and the impact of classes of
each conditioning factor on flooding. The weak point of this method is the rela-
tionship between the variables, which are mostly neglected with determining the
suitable flood impact factors. Flood impact factors were used based on the lite-

rature review and expertise in the area.
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2. Study Area

The study area, including one of the major channels in the west of Suez Gulf,
wadi Bada’a and located in the arid zone of Egypt. Wadi Bada’a area located be-
tween latitudes 29°41'26.34"N and 29°56'45.43"N and longitudes 31°52'51.09"E
and 32°20'4.41"E. The study area covered about 542 Km* (Figure 1). The Geol-
ogy of the study area was dealt with many authors (Abdullah, 1993; Issawi, 2002,
2005; Osman, 2003; Issawi et al., 2009). The limestone in the study area belong-
ing to, Mokattam Formation of Middle Eocene. Limestone contains locally flint
horizons or lenses; limestone of Toura, Helwan and Suez cement plants are from
this Formation. Mokattam Formation is overlain by Maadi Formation consisting
of shale and limestone with local sandstone of upper Eocene. Maadi Formation,
as well as overlaying Formation Gabel El Ahmar Formation (colored sand and
gravel of Oligocene) and Hagul Formation (limestone, sand and gravel of Mi-
ocene are exposed in the Wadis. Abu El-Enain et al., (1995), subdivided Litho-
stratigraphically the exposed Eocene limestone sequence in the area between
North Galala and GabalAtaqa into six formations, namely; (from oldest to
youngest) the Esna Shale (only the upper part), Southern Galala, Thebes, Minia,
Mokattam and Maadi. The structure of the area is controlled by the rifting of the
Red Sea. Faults system is developed showing a structure of horest-graben. The
fault system consists of four groups with following direction N340, N290, N250,
and N195 and the wadis are controlled by normal faults. Digital elevation model

(DEM) with resolution of 30 m of the present study shown in (Figure 2).

3. General Methodology

Many authors used and developed methods in GIS, multi-criteria, artificial
neural networks and analytical hierarchy process, to study and evaluate suscep-
tibility of flood risk (Campolo et al., 2003; Chau et al., 2005; Kia et al., 2012; Ma-
tori, 2012; Mukerji et al., 2009; Rozos et al., 2011). The digital elevation model
(DEM) has been used as the source from which to derive topographic parame-
ters of elevation, slope, curvature, and slope aspect in this approach. Pradhan
(2009) concluded that the DEM and its derivatives play a major role in deter-
mining which areas are susceptible to flooding occurrence. A spatial database
that included slope angle, DEM, curvature, geology layers, distance from the
streams, land-use, and soil type datasets were used. These factors have been used
in many previous studies of flooded area susceptibility mapping using GIS. Ski-
lodimou et al. (2003) mentioned that the anthropogenic factors, including urban
areas, road network, and land-use should be taken into consideration in the
flood susceptibility assessment, which are related to flood events. Figure 3 shows
some photography taken for flash flood impacts on the main road at wadi Bada’a
and the erosion height caused by flood events. Therefore, the frequency ratio of
each factor class was calculated in excel. The area ratio of flood occurrence to
nonoccurrence was calculated for each factor’s class. After, the frequency ratio
for each factor’s class was calculated from its relationship with flood events.
Randomly 95-flooded locations have been created in the study area at wadi
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Bada’a (Figure 4). Arcmap package was used to create the training and testing
flooded location in the study area. A 75% of these flooded locations were treated
as a training location for the model, where the remaining 25% were used as a
testing location for the model. In this study, different parameters were classified

using manual classification schemes in GIS as follows.
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Figure 1. Location map of the study area (Red polygon).
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Figure 2. Digital Elevation Model showing the road path in the study area.

Figure 3. Shows damages caused by flood in the road, (a) & (b) under cut-
ting of the road and the erosion height, (c) flood carrying sediments.
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Figure 4. Flood inventory data used to validate the model.

- DEM, the elevation in the study area ranges from 13 m to 521 m above the
mean sea level, and it has been classified to six classes (Figure 5(a)).

- In case of slope angle, was classified into six classes (Figure 5(b)).

- Curvature, in the study area 3 classes of curvature has been classified (Figure
5(c)).

- Geology of the study area classified into six sedimentary units, wadi deposits,
Pliocene deposits, Miocene deposits, sand and gravels of Oligocene age, Up-
per and Middle Eocene deposits from top to down (Figure 5(d)).

- Stream, distance from the stream classified into 6 classes (50 m, 100 m, 200
m, 300 m, 400 m, and above 400 m) using buffer tool in Arcmap (Figure
5(e)).

- Land-use, and soil texture has been classified into 3 classes and 2 classes re-

spectively (Figure 5(f) and Figure 5(g)).

3.1. Frequency Ratio

The theoretical expression of frequency ratio (FR), as well as its usage in flood
susceptibility mapping, has been reported in the studies conducted by (Yilmaz,
2009; Tehrany et al., 2013). Tehrany et al. (2014a, 2014b) indicated that the
greater the ratio above unity, the stronger the relationship between flood occur-
rence and the given factor’s class attribute, and the lower the ratio below unity,
the lesser the relationship between flood occurrence and the given factor’s class
attribute. A simple geospatial assessment tool for understanding the probabilistic
relationship between dependent and independent variables, including spatial
data sets with multiple classification levels, can be applied to the FR model. Fre-
quency ratio as bivariate statistical method describes the spatial relationship be-

tween flash floods with each variable class. Laxton (1996) mentioned that the
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frequency ratio (FR) can be defined as the ratio of the area where flash flooding

hazards may occur to the total study area, or the ratio of the probability of a flash

flood hazard occurrence

tion (Equation (1)).
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Figure 5. List of all data layers. (a) Elevation, (b) slope, (c) curvature, (d) geological units, (e) distance from streams, and

() land-use, (g) soil texture.

A/B

=M—/N (1)

where A is the number of pixels with a flash flooding hazard for each class of
each parameter; B is the total number of pixels with flash flooding hazards in
study area; M is the number of pixels for each class of the parameter; and N is
total number of pixels in the study area.

Frequency ratio (FR) is the flash flooding hazard susceptibility index that was
calculated in the above-mentioned equation, (Table 1) indicated the results of
FR analysis of each variable. A represents the number of flash flooding hazards
for each parameter. B represents the total number of flash flooding hazards
across all 71-hazard locations that were selected as training data. M represents
the number of pixels for each parameter, and N represents the number of pixels
in the study domain. Flash flood susceptibility index (F5/) can be expressed in
the following equation (Equation (2)):

FSI =Y FR 2

where FSI1is the flood susceptibility index, and FR is the frequency ratio of each
variables or factors.

In order to produce a flash flooding hazard susceptibility map in the study
area, the FSI was calculated by summing each weighted factor using the follow-
ing equation:

FSI = (Slope angle) FR + (Elevation) FR + (Curvature) FR + (Geology) FR +
(Land-use) FR + (Soil texture) FR + (Distance from Streams) FR

4. Results and Discussion

Botzen, et al.,, (2013) mentioned that the lower elevation areas are more suscept-
ible to flooding. Slope also influenced the amount of surface runoff and infiltra-

tion, consistent with earlier findings (Kazakis, et al., 2015). In the study area,
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areas of low to very low susceptibility accounted for 75% of the whole catchment
area (Table 2). From the whole catchment areas the high to very high suscepti-
bility accounted for 8% and 3%. Activities, infrastructures, and future develop-
ment located in these areas has to be aware of the potential hazards caused by

flash flooding, as there are many major cement plants, steel industry and others

Table 1. Frequency ratio (FR) analysis for all parameter classes and factors.

Factor Factor Classes % of Points % of class area FR PR
1 63.38 33.78 1.88
2 22.54 34.63 0.65
3 5.63 18.38 0.31
Slope Angle 0.017
4 5.63 8.38 0.67
5 2.82 3.64 0.77
6 0.00 1.20 0.00
1 25.35 12.90 1.97
2 19.72 14.55 1.35
3 26.76 13.54 1.98
Elevation 0.010
4 16.90 20.33 0.83
5 8.45 26.23 0.32
6 2.82 12.45 0.23
1 53.52 59.65 0.90
2 28.17 15.60 1.81
3 7.04 10.25 0.69
Geology 0.011
4 2.82 2.22 1.27
5 0.00 0.44 0.00
6 8.45 11.83 0.71
1 11.27 18.40 0.61
Curvature 2 80.28 66.30 1.21 0.013
3 8.45 15.29 0.55
1 94.37 10.92 8.64
2 5.63 19.28 0.29
Distance from 3 0.00 23.09 0.00
0.037
Stream 4 0.00 18.98 0.00
5 0.00 13.03 0.00
6 0.00 14.71 0.00
1 66.20 81.72 0.81
Land-use 2 33.80 17.22 1.96 0.027
3 0.00 1.06 0.00
1 66.20 81.72 0.81
Soil Texture 0.015
2 33.80 18.28 1.85
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Table 2. Hazard classes and corresponding area.

Class Area (m?) Percentage
V. Low 257,136,800 48%
Low 147,441,600 27%
Moderate 75,932,400 14%
High 42,141,600 8%
V. High 17,016,000 3%

in these areas located in the areas of moderate susceptible flash flood hazard
(Figure 6). However, it is clear from the results that the very low and low sus-
ceptibility classes are mainly located at high elevation and high slope angle areas.
In case of slope angle, the frequency ratio found that the most flash flood ha-
zards appear at low slope angle. The slope angle class of 0 - 3.68 degree has the
highest frequency ratio value 1.88, while the highest slope angle class has a low-
est frequency ratio value of zero. The frequency ratio model showed that most
flash flooding hazards are located at elevations less than 130 m in elevation,
which had the highest frequency ratio value. Higher Elevations than 400 m in
the study area had the lowest frequency ratio value of zero with low flash flood
hazard. For the curvature parameter, the concave area indicating low suscepti-
bility to flash flooding with lowest frequency ratio value of 0.55. On the hand,
flat areas proved to be the most prone to flooding with the highest frequency ra-
tio value of 1.21 and the convex had the low FR values of 0.61. For the geology
factor, the Quaternary and wadi deposits class had the highest frequency ratio
value of 1.81; providing the high susceptibility rock unit in the study area, fol-
lowed by Pliocene deposits. Oligocene rock units provide the lowest frequency
ratio value of zero indicating low susceptibility. As for the distance from the
stream, as the distance from the streams increases the frequency ration decreas-
es; results showed the class of less than 50 m distance had the highest frequency
ratio value of 8.64 with the highest flash flooding susceptibility and a class of 100
m distance had a value of 0.29. Distance from streams classes of more than 200
m distance had the lowest frequency ratio values. For the land-use parameter,
the frequency ratio value for barren soil type was 1.96 and the rocky type, fre-
quency ratio value was 0.81. For soil texture, the results found that wadi deposits
with moderately drain had the highest frequency ratio value of 1.85. The resulted
susceptibility map (Figure 7) indicated that the road located in the high hazard
zone where the industrial activities located in the moderate hazard zone, giving a
warning to live hood and activities for flash flood.

5. Validating the Model

The AUC values range from 0.5 to 1.0. The value of 1.0 represented the highest
accuracy, showing that the model was completely capable of predicting disaster
occurrence without any bias (Pradhan et al., 2010). The most important step is

to validate the calculated model which reflects the accuracy of the model results,
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however many of statistical methods can be used; in the current research success
rate has been used to validate the model (Figure 8). A total of 95-flood hazard's
location were generated and located on the map. The success rate illustrates how
well the estimators perform. In the study area, the calculated index values of all
the cells were stored in descending order, for having relative ranks of predicted
pattern. Moreover, after the descending ordered of all the cell’s value, then we
went for classification into 100 classes with 1% intervals. To quantitatively com-
pare the results, the areas under the curve were recalculated for when the total
area is represented by 1, which means perfect prediction accuracy. Thus, qualita-
tively the area under a curve (AUC) can be used to evaluate the prediction accu-
racy. The area under the curve has been calculated using excel the result in the
area indicates that the area ratio was 0.766 and accordingly the prediction accu-
racy is 76.6% for the modeled watershed. Comparisons of the field investigation
of the flood impact on the road with the susceptibility map show good matching
between both. Meanwhile, an area under curve (AUC) method evaluated and the

results of model accuracy show values from 74% to 86% (Cao et al., 2016).
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6. Conclusion

Frequency ratio (FR) model with a GIS-based model was applied to generate
flash flood hazard susceptibility map (FSI) for the study area of wadi Bada’a,
west of Suez Gulf. In order to construct the model 95 flash flood locations were
used and prepared in Arcmap for models, where 75% of these datasets
(71-flooded location) were used randomly as training locations for building the
model. The remaining 25% (24 validating data) as testing locations were used for
model testing and validation. In the current study, based on the literatures re-
view and field investigation, seven of parameters have been selected to generate
the flash flood susceptibility index map (FSI). These parameters included slope
angle, elevation, curvature, geology, distance from the streams, land-use, and soil
texture. The input parameters were classified using the natural breaks method
and manual classification method. The generated model produced susceptibility
map of five classes, very low hazard, low hazard, moderate hazard, high hazard,
and very high hazard. However, the areas of low elevation and low slope angles
area indicates high frequency ratio values. The contribution of susceptibility ha-
zard map indicates that the flood more likely occurred nearby the main road,
which means that the low land and low slope areas are favorites for the flood
occurrence. It is clear from the susceptibility map that the main road in wadi
Bada’a located in high to very high susceptible zone. The area of high and very
high risk covers about 11% of basin area, while the low to moderate flood risk
covers about 43%. Based on the validating model and the resulted value, which
was 76.6% the flash flooding susceptibility map generated by the frequency ratio
approach was reliable and applicable. AUC results of frequency ratio model per-
formed well in training and prediction with 76.6%. The resulted susceptibility
map indicated that the road located in the high hazard zone where the industrial
activities located in the moderate hazard zone. Since the road and industrial ac-
tivities located in high and moderate risk zone, awareness system has to be acti-

vated in the area for flood mitigation.
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