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Abstract 
Wadi Qena is one of the Nile Valley areas particularly at risk of severe flash flooding, located 

in Egypt. The study aims to verify TRMM rainfall data (TRMM 3B42), using eight stations 
across Egypt as well as relies on morphometric analysis to generate a flood risk map based on the 
ranking method. Three process could be recognized through the study, calibration, correction and 
verification processes. The results discuss the match daily rainfall trends of TRMM and observed 
data, producing a correction equation for TRMM data with root mean square error (RMSE) value 
of 0.837 mm d-1 and R2= 0.238 (calibration process). On the other hand, a verification process, 
using the developed correction equation, obtain RMSE value of 1.701 mm d-1 and R2= 0.601. 
The morphometric analysis shows 32 sub-basins with a hazard degree from moderate to high, 
amounting to 50.3% of the watershed area. Conclusively, this study confirms that the current 
monitoring system is not enough to cover the whole area, especially the high-risk sub-basins, and 
TRMM data could provide key information for water-related applications in Egypt. 
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Introduction  
In a broad sense, disasters are defined as 

dangerous events that may lead to injury or loss 
of life, with or without property loss. Disasters 

affect society in terms of the physical, social and 
economic losses and because human activities 
are interrupted as a result [1]. Flash floods are 
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considered a hazard that can lead to catastrophic 
outcomes in arid, mountainous areas, threatening 
life and property, and damaging infrastructure. 
Damage from flash floods increases in severity 
in areas where infrastructure is incompetent, 
and warning systems are insufficient or missing 
[2] because the warning systems give the chance 
for taking the necessary precautions. Moreover, 
flash floods in arid regions are characterized by 
rapid formation [3] where there are no buildings 
or land cover that represent flood obstacles to 
form rapidly as they are in urban areas. 
Furthermore, floods can bring pathogens into 
urban environments, and cause lingering damp 
and microbial development in buildings and 
infrastructure [4]. Heavy rains are the main 
mechanism, and the primary component of flash 
floods [5]. The measured data of rainfall from 
ground stations are associated with certain failings 
due to data transfer problems during flood events 
and/or post-flood maintenance requirements 
[6]. Despite the problem as mentioned above 
facing ground-based rain measurement systems, 
remote sensing precipitation products, especially 
satellite precipitation estimates, are relatively 
free of these problems. 

The success of TRMM in hydrology has led 
to serious discussions about the use of the space 
observations system to monitor precipitation, 
soil moisture, and surface discharge for opera-
tional flood warnings [7]. Furthermore, Borga 
et al. [8] claim that flood system’s main com-
ponent is the rainfall detection by remote sensing 
and numerical weather forecasts. Moreover, 
Almazroui [9] asserts that TRMM results are 
good enough to be used in a variety of water-
related applications over the Kingdom of Saudi 
Arabia. Kheimi and Gutub [10] evaluated the per-
formance of various satellite rainfall estimator 
products (TRMM 3B42, CMORPH, GSMaP_ 
MVK and PERSIANN) around Saudi Arabia, 
with a spatial resolution of 0.25° for TRMM 
3B42, CMORPH and PERSIANN, and 0.1° for 
GSMaP_MVK, concluding that TRMM 3B42 

offers the best possibility for accurate estima-
tion and variability of precipitation with such 
high spatial resolution. The three-hourly 3B42RT 
images covering the 2000–2013 period were 
used for flash flood forecasting. It was the first 
time that 3B42RT data have been used for flood 
monitoring purposes, and the 3B42RT detected 
high-intensity rainfall events matched to the 
observed flood distribution over the Kingdom 
of Saudi Arabia [11]. 

On the other hand, morphometric analysis 
plays an effective role in flood risk detection. 
Accordingly, Saleh [12] determined factors that 
influence flash flood severity, such as drainage 
networks, drainage orders, and drainage cha-
racteristics. Analysis of the morphometrical 
parameters of drainage basins is also required 
to minimize the effects of flash floods [13]. 
Moreover, Bajabaa et al. [14] studied quanti-
tative analysis of morphometric parameters, 
such as basin area, perimeter, stream frequency, 
drainage density, ruggedness number, and tex-
ture ratio. Moreover, quantitative techniques 
have been applied to study the morphometric 
properties of different drainage basins in India, 
such as the Morar River Basin and Madhya 
Pradesh [15]. Geographic information systems 
(GIS) and remote sensing (RS) are useful tools 
in disaster management for watersheds. The 
application of GIS to examine morphometric 
and geological features of gypsum karst in the 
Sivas Basin was described by Keskin and 
Yılmaz [16]. Sanyal and Lu [17] and Zerger 
[18] have also presented a review of remote 
sensing and GIS in flood susceptibility mapping 
in Asia’s developing countries and in various 
case studies, such as India and Cairns, located 
in far northern Australia. Sharma et al. [19] used 
GIS technique for performing the analysis of 
quantitative morphometric in eight sub-basins 
of the Uttala River sub-watershed in India. The 
results showed that two sub-basins were subject 
to relatively higher erosion and soil losses, and 
suitable soil erosion control measures were 
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required in these sub-watersheds to preserve the 
land from further erosion. Zope et al. [20] used 
GIS and remote sensing data to study the impact 
of land use and land cover on flood hydrographs 
for different return periods, using the HEC-
GeoHMS and HECHMS models. 

In Egypt, flash floods frequently occur in 
many regions, namely Upper Egypt, the Eastern 
Desert of Egypt, and the Sinai Peninsula. 
Morphometric analysis and prioritization of 
watersheds are very important for water resource 
modelling and flood management [21]. Elewa 
et al. [22] have also introduced a detailed hydro-
morphometric analysis for the El-Arish water-
shed in the north and central Sinai to highlight 
the priority areas for runoff water harvesting 
(RWH) which means concentration, collection, 
storage and use of rainwater by runoff for 
various purposes such as domestic, animal and 
agricultural use. Moawad et al. [23] and Elsadek 
et al. [24–26] argue that given its history of flash 
floods, Wadi Qena should be considered a high-
risk area in the Nile Valley in terms of flooding 
and economic losses and assess the suscepti-
bility of Wadi Qina watershed sub-catchments 
based on morphological parameters. The po-
tential damage due to flash floods in Wadi Qena 
involves cutting off main roads, breaking water 
pipelines, and lossing lives. The problems related 
to flooding have increased due to quick human 
activitys’ growth, making it necessary to re-
cognize flood-prone areas. 

Unfortunately, the quantity and quality of 
data available for analysis of flooding in Wadi 
Qena are generally very poor, with specific 
weaknesses as follows:  

• Geographic topography planning is largely 
planimetric in content and topographic data are 
based primarily on the Shuttle Radar Topography 
Mission with the 90-m resolution at ground 
level; 

• No records are obtainable regarding flood 
frequency or flow rise. If records are existing, 

they are insufficient, often narrative, and not 
supported by evidence. 

• The study area suffers from a scarcity of 
recorded rainfall data, which is the main partner 
(together with morphometric parameters) in 
flood assessment. 

The aim of this work is to calibrate TRMM 
rainfall data with reference to the available ob-
served data. Moreover, monitor the changes in 
the seasonal and regional climate in dry regions, 
such as Wadi Qena, after investigating satellite 
data availability where traditional measurement 
instruments are sparse. A flood hazard map is to 
be constructed to estimate the flood risk levels 
of the sub-watersheds within Wadi Qena and to 
assess the current monitoring system (gauge 
measurements). 

 
Study area 

Wadi Qena is considered one of the biggest 
valleys in the Eastern Desert situated in upper 
Egypt on the east bank of Qena meander. Wadi 
Qena has mountainous crests running parallel to 
the Red Sea coast, but the River Nile is situated 
on the western side. The mountainous area which 
located on the eastern boundary varies in elevat-
ion by ranges from 77 m to 1866 m above the 
mean sea level (AMSL) as illustrated in Sup-
plementary Material (SM) 1. Qena city is 608 
km away from Cairo, which is the Wadi Qena 
outlet, as shown in Figure 1a. Various activities 
are associated with the study area, including 
tourism, gold mining, and military bases. The 
importance of the study area, based on the New 
Urban Communities Authority in Egypt, is that 
it contains the New Qena City project, located 
within the downstream boundary of Wadi Qena 
(at the cost of approximately 2,100 million 
pounds). Figure 1b shows the main road network 
between the Qena and Sohag governorates on 
the Nile River and Hurghada city on the Red 
Sea. These roads are considered the only link 
between the main cities in the region. 
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Figure 1 Map of Egypt and the study area location showing: a) location of both study areas  

and weather stations; b) main roads. 
 
 Wadi Qena has a hot desert climate (BWh) 
according to Köppen climate classification [27] 
with very hot summers and days in winter feel 
warm, but cold at night. July and August are the 
hottest months, while the coldest month is 
January [23] as shown in SM 2. Geologically, 
Wadi Qena is characterized by the diversity of 
its geological structure and rock units, from the 
pre-Cambrian basement of igneous and meta-
morphic rocks to Quaternary. The most impor-
tant are those from Lower Carboniferous/Upper 
Cretaceous to Eocene, associated with the move-
ment of seawater cycles before the closure of 
the Tethys [28]. 
 
Materials and method 
1) Materials 
 ArcGIS 10.4.2 has been used to create a 
basis to acquire a deeper understanding of the 
study area and its drainage system. Terrain 
analysis is done based on the digital elevation 
model (DEM), which is obtained from the 

Shuttle Radar Topography Mission (SRTM) 
data with a resolution of 90 meters at ground 
level. DEM is used for analysis of topography 
and modelling of surface processes, identifying 
flood risk zones, and is considered the primary 
component in hydrological models. Terrain 
analysis involved some processes to get the 
watershed delineation. These processes are 
clipping the boundary of the watershed to 
extract the drainage network of the study area in 
addition to create flow direction raster. After 
that, the flow accumulation could be created to 
get the watershed basin. TRMM used to obtain 
the satellite-based precipitation data for this 
study, is a joint project launched by NASA and 
the Japanese space agency, JAXA. Moreover, 
TRMM has yielded a range of products created 
with various processing algorithms. The version 
used in this study is 3B42 V7, which has a 
spatial resolution of 0.25° and spans the area 
between latitudes 50° S and 50° N. 

(a) (b)
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 The locations of rain gauges (red asterisks) 
present in Figure 1a. The study’s time series 
spans 2012 to 2016, a period where there are  
no missing data for the selected temporal 
resolution. 
 
2) Method 
 The methodology separates two phases, data 
preparation, and data analysis, as shown in 
Figure 2. The data preparation phase for the 
rainfall started with the acquisition raw data 
(TRMM), followed by the calibration process to 
obtain corrected TRMM data. Meanwhile, the 
data preparation phase was carried out for the 
morphometric analysis, beginning with study 
DEM area, then applying image correction, 
such as filling the gaps of the DEM images can 
form. This is done through neighborhood coef-
ficients, which recognize similar neighboring 
values of pixels. The data analysis step for the 
rainfall involves analysis of the corrected TRMM 
data to study temporal and spatial variation of the 
rainfall over the study area, and assess the moni-
toring system. The morphometric data analysis 
involves applying the ranking method to various 
parameters to generate a flood risk map. 
 
 
3) TRMM data calibration 

 Rainfall data obtained from the TRMM closest 
to the station (located in a grid box) are compared 
with the rain gauge’s corresponding data. The 
TRMM Algorithm’s performance is characterized 
by three main categories [29]: underestimation, 
overestimation and approximation (within ± 
10%). Comparing the TRMM day-to-day rainfall 
with the rain-gauge data is carried out to 
understand the TRMM performance over the 
country. The calibration process for the TRMM 
data involves numerous steps as follows: 

•  Determining the rainy days observed by 
the rain gauge, recorded at eight stations across 
the country (see Figure 1a); 

•  Calculating the average rainfall from each 
of the eight stations for each rainy day between 
2012 and 2016 (the rainfall data for this period 
time are complete, with no gaps); 

•  Calculating the average of the TRMM data 
for the weather stations over the same period time; 

•  Dividing the observed data set into two 
groups, the first of which is plotted against the 
original TRMM data for calibration and to 
obtain the correction equation for the TRMM; 
The second group of recorded data is plotted 
against the corrected TRMM data to verify the 
results and the correction equation. 

 
Figure 2 Flowchart of the methodology. 
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 For the study area, analysis of the corrected 
TRMM data is carried out to study its temporal 
variation to define the rainy seasons. Four 
seasons are defined as follows: winter is 
December to February; spring is March to May; 
summer is June to August; and autumn is 
September to November, where three-month 
averages for meteorological parameters, such as 
temperature and rainfall, are used to define the 
seasonal climate according to the American 
Meteorological Society. The corrected TRMM 
data are then spatially interpolated using the 
Kriging method (integrated with GIS) to 
prepare the rainfall contour maps. Interpolation 
is carried out using the Kriging method because 
of its simplicity and ease of use [30]. 
 
4) Morphometric analysis 
 The morphometric analysis is including two 
parts (as shown in Figure 2), firstly, data pre-
paration using digital elevation model (DEM) 
and satellite rain data (TRMM), secondly data 

analysis using ranking method and statistical 
analysis of the corrected TRMM. The morpho-
metric parameters are applied to derive the 
morphometric analysis using the ranking method, 
listed in Table 1, divided into three categories: 
geometry of the basin, drainage network and 
texture, and relief characteristics. 
 For the geometry of the basin, the essential 
parameters are basin area (A), basin length (Lb), 
and basin perimeter (Pr). The other parameters, 
such as basin shape index (Ish), elongation ratio 
(Re), and compactness ratio (Cc), can be derived 
based on the relationships between these main 
parameters (A, Lb and Pr). The parameters (A) 
and (Ish) are directly proportional to the degree 
of risk, where the higher the parameter value, 
the higher is the degree of risk [31–32]. 
Meanwhile, (Cc) is inversely proportional to the 
degree of risk, where a low basin value is the 
most hazardous from a drainage standpoint 
because of the short time it will take before the 
occurrence of peak flow in the basin [33].

Table 1 Morphometric parameters 
Morphometric parameters Formula or method Reference 

B
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eo
m
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ry

 Watershed area (A) (km2) ArcGIS software [35] 
The basin length (Lb) (km) ArcGIS software [35] 
The basin perimeter (Pr) (km) ArcGIS software [35] 
Elongation ratio (Re) Re =(2�𝐴𝐴/𝜋𝜋)/𝐿𝐿𝐿𝐿 [35] 
Basin shape index (Ish) Ish = 1.27 𝐴𝐴

𝐿𝐿𝐿𝐿^2
 [36] 

Compactness ratio (Cc) SH = 𝑃𝑃𝑃𝑃
2√𝜋𝜋𝜋𝜋

 [33] 

D
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e 
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tw
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d 

te
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Stream Order (u) ArcGIS software using Hierarchical rank [33], 
Stream number (Nu) Nu= N1+N2+N3+……+Nn [37–38] 
Stream length (Lu) Lu= L1+L2+L3+…….+Ln [37] 
Texture ratio (Rt) (km-1) Rt = ∑𝑁𝑁𝑁𝑁

𝑃𝑃𝑃𝑃
  [33] 

Stream frequency (F) 𝑭𝑭 = ∑𝑵𝑵𝑵𝑵
𝑨𝑨

  [39] 

Drainage density (D) (km-1) 𝑫𝑫 = ∑𝑳𝑳𝑳𝑳
𝑨𝑨

  [33, 39] 

R
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c h
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Mean basin slope (Sm) GIS   
Maximum elevation (Hmax) (m) GIS  
Minimum elevation (Hmin) (m) GIS  
Relief (Rf) (m) Rf = Hmax – Hmin  
Relief Ratio (Rr) Rr = Rf / Lb [37] 
Ruggedness number (Rn) Rn= Rf*D [35] 
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 The parameters texture ratio (Rt), stream fre-
quency (F), and drainage density (D) in the cate-
gory of the drainage network and texture can be 
calculated using the relationships between the 
stream order (u), stream number (Nu), and stream 
length (Lu). The parameters (F) reflect the texture 
of the drainage network, while (D) indicates the 
closeness of stream spacing so that these parame-
ters are directly proportional to the degree of risk. 
 For relief characteristics, the main parame-
ters are mean basin slope (Sm), relief ratio (Rr), 
and ruggedness number (Rn), which directly 
affect the degree of risk – steeper slopes pro-
ducing lower filtration with more runoff and 
vice-versa. Based on Melton [34], Low values 
of ruggedness number (Rn) refer to the sub-
basins are less susceptible to soil erosion; high 
values indicate that the sub-basins are prone 
to soil erosion. 
 For the flood risk assessment of the sub-
basins in the Qena watershed, the following steps 

• A number of hazard scale has been 
suggested for all parameters, ranging from 1 
(lowest) to 5 (highest); 

• The maximum and minimum values have 
been identified across all parameters for the 
sub-basins of the watershed; 

• The actual degree of hazard for the sub-
basins can then be calculated (with values 
between the minimum and maximum) from 
the relationship [40]. 
 If the relationship between the parameter and 
the hazard degree have a directly proportional: 
 

 Hazard degree = 4(𝑋𝑋−𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋)
(𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋−𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋)

+ 1    (Eq. 1) 
 

 If the relationship between the parameter and 
the hazard degree have an inverse proportional: 
 

 Hazard degree = 4(𝑋𝑋−𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋)
(𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋−𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋)

+ 1        (Eq. 2) 
 

 where (x) is the value of the morphometric 
parameters, determining the hazard degree for 
each sub-basin. Xmin and Xmax are the minimum 

and maximum values of the parameters of all 
sub-basins, respectively. After using Eq. 1 and 
Eq. 2 for applying the ranking method to derive 
the hazard degree of the sub-basins based on 
each parameter, the method has been applied 
again to the sums of all parameters’ hazard 
degrees in order to map the degrees of hazard. 
 
Results and discussion 
1) Rainfall data analysis 
 Comparison of the precipitation (mm d-1) 
obtained from observed data and TRMM 
(averaged daily from 2012 to 2016 from the 
eight stations across the county) is shown in 
Figure 3. The patterns were well matched 
with each other. However, the TRMM data 
performance overestimated rainfall on some 
days and approximately equaled it on others. 
Comparing the daily precipitation data obtained 
from TRMM and rainfall from observed data 
shows that most rainy days are common in each 
of the measuring instruments. 
 The scatter plot in Figure 4 displays the 
linear relationship between the TRMM and the 
rain-gauge data (mm d-1). Statistically, the 
regression procedure can be used to calibrate an 
unknown parameter in reference to known 
information. For estimation of the rainfall from 
the TRMM, the regression equation is: 
 
    RFTRMM= m * (RFestimated) + C   (Eq. 3) 
 
 where RFTRMM is the TRMM-detected rain-
fall, C is a constant, m is the slope, and RFestimated 
is the rainfall to be estimated as shown in Eq. 3. 
The TRMM and rain gauge data are averaged 
for the rainy days between 2012 and 2016 at the 
different locations across the country. One half 
of the data being used to generate the regression 
equation and the other half is used for the 
verification (see Figure 4). For the regression 
equation, m and C are 0.5551 and 0.1739, res-
pectively, with a root mean square error (RMSE) 
= 0.837 mm d-1 and R2 = 0.238. For verification 
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purposes, the second set of data is used, giving 
RMSE = 1.701 mm d-1 and R2 = 0.601, which 
is considered acceptable in conditions with a 
lack of data. The correction equation can be used 
for water-related applications in Egypt where 
there is a lack of recorded rainfall data, and 
available records and reports are incomplete. 
 
2) The annual time series of rainfall over the 
study area 
 Variation of rainfall over time and its beha-
viour focus on attention, with a view to deve-
loping the capability to receive potential threats 
in a timely fashion. To study temporal variation, 

corrected TRMM data is used due to the scarcity 
of observed data over the study area. However, 
Kwarteng et al. [41] used 27-year rainfall gauge 
data for analysis in Oman, while Gocic and 
Trajkovic [42] analyzed 30 years’ worth of 
precipitation data from Serbia. Available data 
for the study area only covers 16 years. Corrected 
TRMM data is used to obtain the annual rainfall 
and plot the annual time series from 2001 to 
2016 over the study area. The linear regression 
trend shows that rainfall over the watershed is 
following an increasing trend, as shown in SM 
4. This increasing trend illustrates the need for 
further water-related studies in the study area. 

 

 
Figure 3 Day-to-day comparison of rainfall (mm d-1) obtained from the TRMM and observed data. 

 

 
Figure 4 Scatter plot of daily rainfall averaged over 2012 to 2016  

from all eight stations on rainy days. 
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3) Morphometric analysis 
3.1) Basin geometry 
 The sub-basins areas from 28 km2 to 1465 
km2 and the total area of the watershed is equal 
to 15488 km2. Horton [39] classified the sub-
basins by size into three categories: large (> 100 
km2), medium (50–100 km2), and small basins (< 
50 km2). Based on Horton [39], about (84%) of 
the sub-basins fall into the category of large 
areas, while 12.51% and 3.19% of the sub-
basins are in medium and small areas, respec-
tively. 
 
3.2) Drainage network 
 The characteristics assessment (using quanti-
tative morphometric analysis of any drainage 
basin) provides useful information about the 
rocks’ geological characteristics and hydrological 
nature of the drainage basin. Horton’s law of 
stream numbers states that the stream number 
decreases linearly with an increase in stream 
order [39]. According to Horton’s law [39], 
the plot of the logarithm of the number of 
streams, as a function of stream order, should 
yield a set of points lying along a straight line. 
Furthermore, Horton [39] states that the relation 
between the logarithm of cumulative stream 
length and stream order should follow the linear 
relation. Both SM 3 and 4 confirm these linear 
correlations, with correlation coefficients (R2) of 
0.9973 and 0.8335, respectively. 
 The watershed’s stream order is related to 
the 5th order and the watershed has 273 streams 
altogether, linked with five orders of streams. 
According to Smith [43], the texture ratio is 
divided to fine (> 16 km-1), intermediate (6.4–
16 km-1) and coarse (< 6.4 km-1). All sub-
basins are in the coarse texture class, where 
the values of texture ratio are in the range 
from 0.0185 km-1 to 0.1096 km-1. For the 
drainage density, [33] considered values less 
than 3 km-1 to be low drainage densities, while 
high drainage densities have values more than 
3 km-1. Drainage density values in the study 

area range from 0.176 km-1 to 4.85 km-1. Sub-
basins with high drainage density values 
indicate well-developed networks conducive to 
quick disposal of runoff, resulting in intense 
floods. Low drainage density values appear at 
the sub-basins characterized by low resistant 
and high to moderate relief terrain. The stream 
frequency values of the sub-basins are in the 
range between 0.011 km-2 and 0.071 km-2, 
which according to Abboud and Nofal [44] are 
considered low values. These low values of 
stream frequency indicate that the watershed 
has scarce plant cover [38]. The sub-basins’ 
stream frequencies have a small variation 
because of the similarity in lithology of the sub-
basins. The lower drainage density values and 
stream frequency of the sub-basins suggest 
that runoff is slower and flooding is less likely 
to occur. 
 
3.3) Relief characteristics 
 The values of the mean angle of slope are in 
the range from 0.9° to 12.77°, which means 
according to Meraj et al. [45] that the slope 
ranges from nearly level to a strong slope. 
strong slope in the eastern part of the watershed 
produce greater velocities and faster runoff. On 
the other hand, less volume of runoff and low 
velocities will be produced in the middle of the 
watershed where the slope is the nearly level 
slope. The sub-basins’ ruggedness values range 
from 0.08 (which can be classified as subdued 
morphology) to 1.73 (morphologically extreme, 
including the topography of badlands). The 
relief ratio values are in the range from 0.561 to 
4.386. Schumm [35] mentioned that the low 
values of relief ratio point to the presence of 
exposed basement rocks while higher values 
indicate a steep slope and high relief. 
 
4) Flood hazard mapping 
 SM 5 ranks the hazard degree values for 
each sun-basins parameters, which can be 
used to assess flood hazard degree. The flood 
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hazard map is produced based on the general 
degree of hazard for all the sub-basins’ 
parameters, applying the ranking method for 
summation of the hazard degrees for each sub-
basin, as shown in Figure 5. The dominant 
feature of hazard degree is low and medium 
hazards. At first glance, the sub-basins charac-
terized by a high degree of slope and large area 
seem to be the most hazardous, but these sub-
basins are assessed as having a moderate and low 
hazard degree to the effect of other parameters, 
as analyzed in SM 5. The sub-basins with 
numbers 21, 31 and 55 are evaluated as being 
the most hazardous ones, followed by the sub-
basins with numbers 12, 26, 41, 45 and 49 in the 
fourth hazard degree, although a small area and 
gentle slope characterize these sub-basins. 
There are 32 sub-basins with a moderate to high 
hazard degree (45.7% of the total number of 
sub-basins). Sub-basins identified as the least 
hazardous, represent 54.3% of the total and are 
concentrated in the middle of the watershed. 
 

 
Figure 5 The flood hazard map. 

 

5) Assessment of the monitoring system 
(gauge measurements) 
 Accurate estimation and measurement of 
precipitation depth and volume are also impor-
tant for forecasting hazards caused by heavy 
rain, estimation of groundwater recharge, deve-
lopment of runoff models, design and operation 
of civil structures, and solving environmental 
water problems drought and flooding. Statistical 
analysis of the corrected TRMM data was 
applied to evaluate the study area’s monitoring 
system. The average monthly rainfall from 
2001 to 2016 (in SM 6) shows that rainfall over 
the study area is limited to the winter and spring, 
with spring being the wettest season and winter 
is the second wettest one. Almazroui [9] also 
concluded that spring is the wettest and winter 
is the second wettest season in Saudi Arabia. 
The rainfall frequency (see SM 7) indicates that 
April has been the rainiest month for five years, 
while January and March were the months with 
the highest rainfall for four years. Although 
January and March were repeatedly the rainiest 
months, it can be seen from SM 8 that rainfall 
during January is less than that during March, 
which confirms that March and April are the 
rainiest months overall. 
 Climatic data for the Wadi Qena drainage 
basin are traditionally acquired from the closest 
weather station, which is located at 26° 30ˊ N 
and 33° 06ˊ E. The Egyptian Meteorological 
Authority supposes that the weather station 
covers an area with a 50 km radius. To describe 
the distribution of precipitation over the study 
area, the precipitation contour map for the maxi-
mum daily rainfall in 2001, 2004, 2005, 2007, 
and 2014 is plotted here (as measured by TRMM) 
with these five years having the maximum daily 
rainfall between 2001 and 2016, as shown in 
Figure 6. 
 Spatial representation of the rainfall magni-
tude as of 3rd April 2001 and 24th March 2007 
shows that the rainfall storms were beyond the 
station’s range, as shown in Figures 7a and d, 
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respectively. As of 6th January 2004, and 22nd 
April 2005, the station was hardly covering the 
storms, as shown in Figures 7b and c. The 
catastrophic event in the study area on 9th March 
2014 is well-matched with the corrected TRMM. 
Meanwhile, the weather station recorded no 
rainfall for this day, resulting in incomplete and 
inaccurate records for this event due to the 
incorrect station’s position as shown in Figure 
7e. Furthermore, only two sub-basins from those 

classified in the two highest hazard categories 
are within the station range. The contour maps 
also show the intensity of precipitation over 
the high-risk sub-basins beyond the station 
range. The current monitoring system does 
not adequately measure the area studied here 
and the northern part of the study area must be 
prioritized in terms of establishing new weather 
stations.

 

 
Figure 6 Maximum daily rainfall per year over the study area from 2001 to 2016. 

 

   

(a) Precipitation as of 3rd April 2001  (b) Precipitation as of 6th January 2004 
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(c) Precipitation as of 22nd April 2005 (d) Precipitation as of 24th March 2007 

 

(e) Precipitation as of 9th March 2014 

Figure 7 Spatial representation of rainfall magnitude over the study area as of a) 3rd April 
2001; b) 6th January 2004; c) 22nd April 2005; d) 24th March 2007; and e) 9th March 2014. 

 
Conclusion 
The study tested TRMM data and recorded 
rainfall data from eight stations across Egypt 
between 2012 and 2016. Although, the TRMM 

data’s performance overestimated the rainfall 
on some days and approximately equaled it on 
others, TRMM rainfall and observed data trends 
show that the patterns are well matched with 
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each other. Through the calibration process, a 
correction equation for the TRMM data was 
developed, producing root mean square error 
(RMSE) value of 0.837 mm d-1 and R2 = 0.238. 
The verification process using the developed 
correction equation resulting RMSE value of 
1.701 mm d-1 and R2 = 0.601, which is con-
sidered acceptable under conditions with a lack 
of data. The results indicate that the TRMM 
precipitation data (after correction) can be 
applied as a potential alternative to ground-
gauged data which match the catastrophic event 
on 9th March. The morphometric analysis 
shows that there are 32 sub-basins with a hazard 
degree from moderate to high., considering only 
two of the most hazardous sub-basins are located 
within the range of the station. Conclusively, 
a shortcoming in the current monitoring system 
and the northern part of the study area should 
be prioritized in terms of establishing a new 
weather station. 
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