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Abstract
In arid and semi-arid lands particularly in southern Jordan, several
flash flood events have been recorded over the last 50 years. This
has caused damage to life and infrastructure of urban areas, ruins
the services and increases some health problems such as famine
and disease. Thus, it is necessary to assess flash floods in terms of
the causes (e.g., synoptic conditions), magnitude, and frequencies
in order to construct sustainable plans that mitigate the influences
of such environmental hazards. This study deals with analyzing
hydro-meteorological parameters which cause flash flood in
southern Jordan. Synoptic conditions associated with flash flood
events were analyzed using meteorological maps for hPa level
height over Eastern Mediterranean. Furthermore, morphometric
parameters have been used to determine the potentiality of flash
flood in sub-basin scale. In this regard, El-Shamy approach was used
to classify every sub-basin into low, moderate or high probability
of flood using the relationship between the morphometric
parameters. Then GIS tools were employed to map the probability
of flash flood for every sub-basin in the whole watershed. As a
case study, Wadi Yutum (southern Jordan) watershed was selected
to conduct the current study. The results achieved based on
El-Shamy model have mapped every sub-basin into low, moderate
or high potential of flash flood.
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Introduction
In arid and semi-arid areas, flash floods are considered one of the
most devastating natural hazards in the world. Flooding typically
occurs when intense rain falls over a short period of time and the
water accumulates faster than soils can absorb it or rivers can carry
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it away. In most cases flood causes hazards which influences the
infrastructure of urban areas, ruins the services and increase some
health problems such as famine and disease. Thus, investigating the
flash flood in terms of the magnitude and frequency is necessary
to tackle the threat of flood and enhance urban planners achieving
sustainable flood management policy.
Originally, flash flood especially in arid conditions has been
determined using different morphmetric parameters [1,2]. These
parameters such as bifurcation ratio, basin perimeter, Stream
density, Stream frequency and circularity ratio have been employed
to measure surface runoff and hence the probability of flood. The
bifurcation ratio is defined as the ratio between the numbers of
stream order to the number of the next order. Basin perimeter is
the length of the line that outlined basin area. Stream density is
the total length of all the streams in the basin to the area of the
whole basin while stream frequency can be defined as the number
of drainage segments per unit areas [3].
Low chances for flash flood occur if a catchment area includes high
values of bifurcation Ratio (Rb). This is because a huge amount
of water infiltrates under the surface and hence groundwater
reservoirs are potentially enriched. However, when a basin has
high stream Density (D) as well as high stream Frequency (F),
chances for flash flood are high. In this case, the probability of
permeability is low and hence low amount of water contributes
to groundwater reservoirs [1]. Circularity ratio is also influences
the flow and sediment as such a large value of circularity ratio
yields low velocity of flow.
Besides morphometric parameters, other parameters such as soil
properties, topographic indices and land use management are
also influences flash flood in terms of magnitude and frequency.
For instance, it has been approved that generation of runoff
increases as a corresponding to modern land management [4].
In addition, soil structure degradation contributes on runoff
generation. Management practices which cause soil compaction at
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the surface reduce the infiltration capacity of the soil and can lead
to infiltration-excess runoff [5]. Moreover, Topographic Wetness
Index (TWI) which is highly correlated with several soil attributes
such as horizon depth, silt percentage, organic matter content has
a great impact on runoff generation and hence flash flood. As an
instance of that is the aspect and the degree of the slope influence
the direction of the flow paths.
In this study, analysis of the flash flood in southern Jordan will be
investigated based on hydro metrological parameters. Therefore,
synoptic conditions associated with the flash flood will be
analyzed. This allows understanding the seasons of flash flood,
frequency and magnitude. Then the probability of flash flood will be
highlighted using three domains extracted from El-Shamy model.
Thus, sub-basin can be classified into low, moderate or high potential
of flash flood. This will enhance the decision makers to manage
and monitor land use practices in either basin or sub-basin scale.

Related Work
Flood hazards mitigation has been investigated in different
approaches and engineering programs. For example, Public Perception
of Rivers and Flood Defense Project and the European Union-funded
EURO flood Project investigated mitigation of flood hazards from
different point of views. This is because flood hazards is multidimensional problem which needs collaborative research work [6].
Many research programs have been conducted to mitigate the
risk associated with flood in either government or individual’s
scales. In government scale, Flood Risk Management Research
Consortium (FRMRC) and Flood Risk from Extreme Events
(FREE) are examples of research programs conducted in UK for
investigation the influence of land use practices on flood. Another
example is Utilities Sustainable Catchment Management program
focused on flood mitigation under different land use practices in
Upper Hodder (UK) catchment [7]. Regarding individual research
studies, O’Connell et al., [8] investigated the influence of land
use management on the floods. The study reviewed the national
and international literature for evidence of land use practices on
the floods and found that due to the modern farm management
practices such as increased stocking densities on grassland, local
runoff increases and hence the probability of flood is high. Beven
et al., [9] evaluated the data from UK catchment in which significant rural land use change has been observed and concluded that
climate variability and uncertainty in data prevented any signals
being identified.
Regarding arid and semi-arid regions and catchments, a number
of research studies have focused on estimating the influence of
topographic and hydromorphmetric parameters on flash flood.
These studies (e.g., Patton [10], Farhan [11], El-Shamy [12],
Youssef et al., [13]) conducted research on semi-arid watershed
and assessed the hydromorphmetric parameters that cause flash
flood. Abdel-Lattif et al., [14] employed Digital Elevation Model
(DEM) to analyze morphometric parameters and its relation to the
flash flood in Wadi Sudr and Wadi Wardan, Gulf of Suez, Egypt.
J Environ Sci Allied Res 2017: 32-38.

Abdalla et al., [1] employed El-Shamy’s model to assess the hydro
morphometric parameters on flash flood in dryland watersheds
in the southern Red Sea coast of Egypt. Similar study conducted
by Abduladheem et al., [15] focused on estimation flood hazards
impacts on desert roads in south Sinai, Egypt using GIS-based
morphometric analysis. In Jordan, case study was undertaken by
Farhan and Anbar [16] to estimate the impacts of May 2014 flash
flood disaster in Aqaba area. Similarly, Al-Qudah [17] estimated
flash flood discharge in southern Jordan. The study highlighted
the synoptic conditions associated with the flood (flood 2006)
and then HEC-RAS software was utilized to estimate the flood
amount. Assessment of Flood Hazards of Jeddah Area has been
studied by Al-Saud [18]. He employed high resolution images
extracted from IKONOS satellite to assess the influence of flash
flood disaster on Jeddah area.
Regarding the model of the flood risk assessment, several
models have been created to estimate flash flood risk and predict
the consequences [19]. One of these models is El-Shamy model
which explains the relation between the stream Frequency (F),
the Bifurcation Ratio (Rb) and stream Density (D). This model
contains three domains namely A, B and C. Domain (A) reflects
the relationship between low stream Frequency (F), low stream
density (D) and high bifurcation Ratio (Rb). In this domain type,
low flood opportunities occur and good chances to recharge
shallow aquifer. On the other hand, domain (B) represents the
highest probability of flood and the least groundwater potentiality
due to low bifurcation Ratio (Rb), high stream Density (D), and high
stream frequency (F). Domain (C) includes all basins in between
domain (A) and domain (B) and indicates moderate probability
of flood and groundwater recharge [1]. Some studies however
constructed models using GIS-based morphometric analysis.
Youssef et al., [20] proposed an approach to estimate levels of
flash flood risk and compared it with El-Shamy’s model. Likewise,
Zhong and Lu Gui [21] constructed a flash flood model based on
GIS tools and estimated the potential risk associated with flood.
They concluded that the proposed model was effective particularly
in sub-basin watersheds.

Synoptic Conditions Associated with Flash
Flood in Southeastern Mediterranean
Over the past 50 years, several flash flood events have been recorded
in southern Jordan particularly in Aqaba region. For instance,
severe flood events have been found in 1963, 2006, 2010 and
2016 (Figure 1). As a result, analyzing the hydro-meteorological
databases that determine the main reasons for flash flood in arid
and semi-arid areas particularly in the east Mediterranean has been
taken attention by many investigations (e.g., Dayan and Abramski
[22], Inbar [23], Schick and Lekach [24], Kahana et al., [25]).
According to these studies, synoptic conditions which are mainly
responsible on flash flood in the east Mediterranean region such as
Jordan, Egypt and Israel can be classified into four synoptic types;
these are: active Red Sea Trough (RST), Mediterranean cyclone
over Syria, jet stream, and Sharav Cyclone (SC).
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Figure 1: Example of flash flood in Aqaba Area, Jordan, 27-28/10/2016.

The active Red Sea Trough (RST) is responsible on around 38% of
flash flood on east Mediterranean region [25]. This synoptic type
is defined as a surface low-pressure trough which begins in the
Southern Red Sea and extends towards the Eastern Mediterranean
(EM) [26]. The original point of the RST is Sudan Monsoon Low,
a part of a large-scale subtropical/equatorial low-pressure thermal
lev: 500.00
t: Oct 28 2016
Mean hgt m

system. Due to topographic and thermal forcing factors over the
Red Sea region, the RST extended towards northward. In most
cases the Red Sea Trough (RST) occurs in spring and autumn and
it may also affect the region in winter and disappear in summer
[25,27,28]. Figure 2 illustrates Red Sea Trough for 500 hPa and
1000 hPa over EM on 28 October 2016.
lev: 1000.00
t: Oct 28 2016
Mean hgt m

Figure 2: The two Sea-Level Pressure (SLP) charts represent: The Red Sea Trough for the 500 hPa level height
with contour interval of 5 m (left) and the Red Sea Trough for the 1000 hPa level height with contour interval of
25 m (right) with an axis east of the EM coastline, Actual maps at the centers of their clusters from the NOAACIRES reanalysis on 28 October 2016.

Generally, the RST is associated with hot and dry weather
conditions over the eastern Mediterranean region, thereby southern
Jordan are greatly influenced. These weather conditions are caused
by the east and southeasterly flows at the lower atmosphere. In
some rare cases, the RST is accompanied by an upper trough
extending from the north over the whole region of the eastern
Mediterranean. Thus, upward motion and unstable conditions
occur and hence several convective storms cause heavy showers
NorCal Open Access Publications

and thunderstorms, mainly at the southern part of Jordan [25].
Another reason that causes severe floods in southern Jordan is
related to the surface cyclone centered over Syria [25]. This defined
as a trough extends southeastward toward south Mediterranean.
According to a study conducted by Kahana et al., [25],
Mediterranean cyclone over Syria (also known Syrian low) is
responsible on around 33% of flood events in Negev. Because of
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this synoptic type, the number of major flood producing storm
was one in October, one in November, seven in December, three
in February, two in March and two in April [29].
On the other hand, Jet stream is cause very few major floods in
the Mediterranean region. This synoptic type was found due to the
existence of a trough in the Subtropical Jet (STJ) over northeastern
Africa combined with a ridge over Syria. Sharav Cyclone (SC)
Alpert and Ziv [30] is defined as a shallow frontal cyclone that
moves eastward along the northern coast of Africa. This cyclone
is responsible on some major floods in the regions. This cyclone
type occurs mainly in the spring season and causes rain showers
and thunderstorms over North Africa.

Case Study: Flash Flood in Wadi Yutum
The location of Wadi Yutum in southern Jordan determines the

harsh climatic and hydrologic conditions in the area. As part of
Aqaba area, Wadi Yutum lies between 29.15 N to 30.01 N latitudes
and 34.58 E to 35.52 E longitudes (Figure 3). As shown in figure
4 which shows the Digital Elevation Model (DEM), aspects, and
contour lines, the elevation of Wadi Yutum is gradually increases
from 0 meter in Aqaba to approximately 1425 meter where the
highest elevation is found near the summit of Jabal Rum. Wadi
Yutum is deemed as the main Wadi in Aqaba region and it mainly
contributes to the flash flood in the region. It can be seen in figure
5 that the slope of the Wadi ranges from 0 degree to around 20
degrees. Therefore, this Wadi has a significant contribution of
flash flood in Aqaba regions. Moreover, four stream orders have
been found in this Wadi.
Vegetation and agricultural activities are very rare in the area and
thus a huge amount of precipitation is divided into runoff and
groundwater recharge [31]. This is because of the topographic

Figure 3: The location of Wadi Yutum in Jordan (Farhan and Anaba [2]).

Figure 4: Aspects (top left) contour lines (top right) and DEM (bottom) of Wadi Yutum (Jordan).
J Environ Sci Allied Res 2017: 32-38.
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characteristics in the whole region which consists of igneous rocks
sequence (pre-Cambrian) [2,32]. The granite horst/inselberg which is
consisted from aplite-granite, granodiorite, and quartzdiorite can be found

at the base of sandstone inselberg. One can note that, the topographic
characteristics are varied in the regions due to different factors such as
the variation of composition of granite and the magnitude of weathering.

Figure 5: Slope categories (top left) and stream order (top right) of Wadi Yutum (Jordan).

Methodology

Results Analysis

In order to calculate the morphometric parameters, different
topographic maps with a scale of 1: 50,000 were used. In addition,
ASTER Digital Elevation Model available online were also utilised
to calculate different morphometric parameters. After extracting
the topographical characteristics of the Wadi, they were used
as inputs in ArcGIS 10.3 and processed using spatial analysis
toolbox. The output such as drainage networks, slope categories
and elevation were then used as inputs in Arc Hydro toolbox to
delineate the watersheds and stream networks of the study area.

Using El-Shamy Model which based on the relationship between
some morphometric parameters, the potentials of flash flood and
groundwater aquifers recharge were estimated. According to figure
6, Wadi Yutum sub-basins have been categorized into high, moderate
and low. As can be seen in figure 6 (left) which shows the relationship
between bifurcation and stream frequency, sub-basin number four
has the highest flooding chances comparing with other sub-basins
(1,2 and 3). Similar situation can be found in case of the
relationship between bifurcation and drainage density. In case
of the relationship between bifurcation and stream frequency,
sub-basin number one has moderate flood risk whereas sub-basins
two and three have low chances of flood risk. However, opposite
situation can be seen in case of the relationship between bifurcation
and drainage density. Both of sub-basins one and two are categorized
as low flood risk while sub-basin three has moderate chance of
flood risk.

After processing the topographic dataset, flash flood risk level was
estimated using El-Shamy approach. In this approach the relationship
between bifurcation ratio and drainage density, as well as the
relationship between bifurcation ratio and stream frequency are
determined. The density of drainage reflects the topographic and
hydrologic conditions such as potentiality of runoff, infiltration
capacity of surface materials, climatic conditions, and land use
practices in the watershed [2]. Therefore, if a basin has low
values of drainage density, infiltration rate will be high and thus
the runoff potential is very low. On the other hand, the values
the potentiality of runoff increases when a basin has high stream
frequency. This is due to the fact that the infiltration rate is very
low. When implementing the abovementioned relationships on
each sub-basin, estimation of flash flood risk can be estimated.

One might note that, low charge conditions of shallow aquifer in sub-basin
four, whereas sub-basin one, two and three has the highest possibility
of ground water recharge. This is due to the fact that limited flooding
opportunities are found in those sub-basins comparing with sub-basin
four. Consequently, sub-basin four should be supported by water gathering
systems such as dam for increasing recharge conditions and reducing
flash floods possibilities. This would mitigate the movement of water
runoff, and facilitate downward water infiltration from the flood plains.

Figure 6: Flash flood risk assessment according to El-Shamy model relationship between bifurcation and stream
frequency (left) and relationship between bifurcation and drainage density (right).
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Figure 7 shows the three domains of flood risk for each sub-basin based
El-Shamy model. It is clear that in case of the relationship between
Dd and Rb, high and moderate probability of flood occurs in sub-basin number 4 and 3 respectively. Low probability of flood is found
in sub-basins 1 and 2. In case of the relationship between Fs and Rb

the flood risk situation are interchangeably with the previous
relationship case (Dd and Rb). It is notable that sub-basins
1 and 2 have low probability of flood while sub-basin 3 has
moderate flood susceptibility. One can note that sub-basin 4 was
classified as the highest probability of flood in both relationship
scenarios.

Domains A: low flood B: high flood C: intermediate flood
Figure 7: The relationship between Bifurcation Ratio (Rb) and Drainage Density (Dd) (left) and Bifurcation Ratio (Rb) and stream
Frequency (Fs) (right) based on El-Shamy’s domains.

Conclusion Remarks
This study deals with analyzing the hydro meteorological parameters that cause flash flood in arid and semi-arid lands in southern Jordan. Synoptic conditions associated with major flood in
southern Jordan have been analyzed. The results of the synoptic
conditions that cause major flood events in the study area have
determined. These conditions were active Red Sea Trough (RST),
cyclone centered over Syria, jet stream and Sharav Cyclone.
Besides, morphometric parameters were used to determine the
potentiality of flood in sub-basin scale. The relationship between
these parameters has been extracted to classify each sub-basin
into low, moderate or high potential of flash flood. This has been
done using El-Shamy model which determine sub-basin into three
domains (A, B or C). Domain A indicates that the sub-basins have
low chances of flood and hence the probability of groundwater
recharge is high, Whereas, domain C illustrates that the chances
of flash flood is high and thus dams should be built to mitigate
floods. Domain B comes in between domain A and C and indicates that there is a chance of groundwater recharge a long with
moderate chances of flood.
Based on El-Shamy approach, the results show that one sub-basin
(sub-basin number 4) has high potential of flood, one sub-basin has
moderate chances of flood and two sub-basins have low potential of
floods. Therefore, this study recommends avoiding huge concrete
buildings in the sub-basins which has high chances of flood while
sub-basins with low flood chances can be exploited in agricultural
activities. Future research requires more analysis of flash flood
with focusing on the relationship between hydro-metrological
parameters and land use in catchment scale.
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