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Abstract: Flooding events cause economic, social and environmental damage and lives loss. Flood’s magnitude and its
consequences are aggravated by human activities in many circumstances such as urbanization. Wadi Ain Ghazal in
Amman city has serious flood problems, yet no integrated flood hazard and risk assessment has previously been
developed for the basin. This study addresses that gap by assessing flood hazard and risk in Wadi Ain Ghazal using
GIS-Based Spatial Multi Criteria Approach given that flood hazard and risk maps are effective tools for reducing flood
damage. Six flood causative factors (elevation, slope, drainage density, land use land cover, manholes, and rainfall) and
three elements at risk (population, roads and cropland) were processed and assessed in GIS environment. The Fuzzy
Analytic Hierarchy Process approach was used for weighing the factors and combined in a weighted overlay operation to
determine the flood hazard and risk. The major findings of the study revealed that most of the lowlands in the
downstream part of the sub-basin that is located in the eastern and southwestern parts are within high to very high flood
hazard and flood risk level with area coverage close to 27% and 27.5% respectively. The risk assessment of flood and in
particular the critical facilities (e.g., hospitals) sheds light on the measures needed by the concerned authorities to
formulate their development strategies accordingly. Together, the resulting hazard, vulnerability, and risk maps offer a
practical decision-support framework that planners in Amman, and in comparable arid urban basins elsewhere, can
apply directly to guide land-use planning and infrastructure investment.
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1. INTRODUCTION

Urban sustainability can be influenced by a wide
range of economic, social and environmental factors
such as floods. Flood is a common natural disaster in
the world and cause serious loss of life and economic.
Human settlement and land use practices can have an
impact on the natural processes, which increase or
decrease the risk. Furthermore, it should be noted that
climate change is likely to increase both the magnitude
and frequency of extreme weather events and lead to
greater flooding [1, 2]. To quantify the negative impact
of severe flood events, an objective method of
assessment is required. Traditionally, this is done by
analyzing tangible (i.e., direct economic) and intangible
impacts. Tangible impacts refer to those easily
recognizable as being direct consequences of flooding
and measured in monetary terms, whereas intangible
impacts are not measurable in monetary terms and
range from loss of life to post-event stress related
problems [3].

Flood hazard is defined as the probability of
potentially damaging flood situations in a given area
and within a specified period of time, while flood risk is
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the probability that flood of a given magnitude and a
given loss will occur within a given time span [4]. A
flood hazard depends on the flood magnitude i.e., the
flood depth, velocity, and duration. Flood risk analysis
identifies possible damage scenarios, to estimate
scenario  probabilites, and to assess the
consequences. The results of flood risk analysis should
be the basis for deciding the appropriate flood
mitigation options [5].

There are various reasons of flooding; the most
important are rainfall characteristics, topography
(height and slope) and land use land cover (LULC).
LULC changes has direct implication on the
hydrological cycle. It is an important characteristic in
the runoff process that affects infiltration, soil erosion,
and evapotranspiration. Due to rapid development,
land cover is subjected to changes causing many soils
to become impervious surfaces, which lead to
decrease in the soil infiltration rate and consequently
increase the rate of runoff. Urbanization has
aggravated flooding due to some reasons such as
restricting the floodwater flow, covering large parts of
the ground with impervious surfaces (e.g., houses ad
roads), obstructing channels, and building drains [6-8].

Incidents of flash flooding have claimed the lives of
a few hundreds in Jordan over the last few decades
and affected the lives and livelihoods of thousands.
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Flashfloods in 1966 claimed 295 lives in Ma’an city
south Jordan and in 2018, at least 32 people killed in
Dead Sea area, most of them school children. Amman
city, the capital of Jordan, is exposed to hazards such
as floods and Landslides. The mountainous topography
of the city along with the rapid expansion of
urbanization makes many parts of the city prone to
flood hazards. Unusually heavy rains often lead to
flooding in low-lying areas of the city, which paralyzed
the city, affecting facilities, buildings, commercial
markets, transportation, the power grid as well as the
loss of life. The city has responded to these disruptions
by establishing protocols for emergency operations,
including rapid-response communications centers and
elaborate community coordination processes [9].

Several recent devastating floods have been
recorded in Amman [10] such as the heavy rain on 5
November 2015, in which 4 people died and it
damaged the commodities and assets of over 500
shops and warehouses, with the losses estimated at
around 5 million JDs. The floodwater also inundated
some buildings at the University of Jordan disrupting
classes [10]. Three people died because of flooding
caused by heavy rain on 3 November 2014, which
inflicted damage on public and private property. The
water and sewage networks could not cope with heavy
rainfall [11]. Downtown Amman is an important and
essential part of the historical center of Amman and the
remains of the Roman city of Philadelphia. The
downtown area is of great importance from an
archaeological point of view, where many historical
sites are found such as the Nymphs’ Path, the Roman
Amphitheater, the Odeon Theater, the Column Square,
and the ruins of Mount Citadel. Flash floods flooded the
Roman amphitheater several times, which caused
disruption in tourism activities.

The lack of comprehensive studies (e.g., hydrology)
necessitates the development of a comprehensive
storm-water master plan to incorporate in the city
planning and development [10]. There are few studies
[12-15] addressed the problem of floods in Jordan, but
none is about Amman. Recently, the UN-Habitat
Jordan launched flood risk assessment, hazard
mapping study for downtown Amman. Therefore, this
study will help to fill an existing gap in the available
information and identify the zones that are vulnerable
to flood hazard and related risks. The main objective of
the study is to conduct a GIS-based flood risk
assessment of Ain Ghazal sub-basin by which a flood
hazard and a flood risk map can be developed based
on spatial flood risk index map. Multi-criteria analysis

approach by using GIS was applied in to identify the
flood hazard and flood risk. The usage of GIS is a
common practice in hazard and risk assessment
because it provides several advantages, such as it is a
powerful tool to identify and to visualize all the
components of risk (hazard, exposure, and
vulnerability), requires less data and less time
consumption  especially in a well-established
geodatabase condition, easier to be communicated
with the stakeholder and decision maker, and relatively
user-friendly comparison with other methods [16].

2. METHODS

2.1. Study Area

Jordan capital and most-populous city is Amman,
home to about 4.5 million people [17]. The climate in
Amman is sub-tropical Mediterranean, and the city
experiences hot dry summers and cold, wet winters.
Amman has a mountainous topography and diverse
climate. The rainy season starts in October and ends in
May with most rain falls in January and February. The
western parts of the city are more wet with orographic
effect and exposed more to the frontal precipitation
where annual rainfall may exceed 500 mm whereas, in
the eastern parts of city is more influenced by arid
climate and rainfall drop to 250mm [18]. The daily
average temperature ranges from approximately 8°C in
winter to around 25°C in summer with annual average
temperature 17.3°C.

From hydrological perspective, Amman city is
located within Wadi Ain Ghazal watershed (156 km2)
which is a sub-basin of the grater basin of Amman
Zarqa River, (Figure 1). The elevation in the watershed
ranges from around 699 m a.s.l. in the lowlands of the
eastern side to 1,122 m above m.s. on the
northwestern highlands (Figure 1). The highest
elevations dominate the northwestern parts of the study
area. The major stream of the Wadi is running E-W in
the lower part of the Wadi where the elevations in the
range 709-927 m. Most of the study area is considered
as urban sub urban. Agricultural practices are covering
the western and northwestern parts of study area, while
most of the area (85%) is occupied by bare lands and
urbanization. LULC in the study area are classified into
forest, cropland, orchard, pasture, bare rocks, bare soil
and urban.

2.2. Background

Different qualitative and/or quantitative approaches
can be adopted in order to assess flood hazard and
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Figure 1: Location and topography map of Wadi Ain Ghazal sub-basin, Jordan.

risk. Quantitative methods are based on numerical
expressions of the relationship between controlling
factors and floods. The qualitative methods are based
on researchers' opinions; however, several qualitative
approaches integrate the concept of ranking and
weighting which makes them semi-quantitative in
nature [19]. Both qualitative and semi-quantitative
methods are generally used as they are simple, and
able to handle data scarcity [20-22]. This study adopts
a semi-quantitative approach to develop a flood risk
index map using Spatial Multi-Criteria Analysis (SMCA)
in GIS. The assessment of flood risk in this study is

based on the definition of risk expressed by equation 1,
following [23].

Risk = Hazard + Vulnerability
Equation (1)

The technique flow of flood risk assessment is
illustrated in Figure 2. The flood risk index method
starts with the selection of indicator maps (Table 1).
The indicators are subdivided into hazard and
vulnerability indicators. After processing the indicators,
they were standardized and summed by weight to
obtain the hazard and risk maps.



GIS-Based Flood Risk Assessment in Urban Areas

Journal of Environmental Science and Engineering Technology, 2026, Vol. 14 23

Figure 2: General framework for building the flood risk assessment model.

Table 1: Type and sources of data used in the study.

(avarage maximum daily rainfall)

Data Format Source
Elevation Radarsat_1 digital elevation model Alaska Satellite Facility
. Rainfall records . N
Rainfall Ministry of Water and Irrigation

Land use land cover

Landsat image

Google Earth

Flood control projects

Autocad

Grater Amman Municipality

Population

Statistical Blocks

Department of Statistics

Roads

Shapefile

Grater Amman Municipality

The data required for flood hazard and risk mapping

were obtained from various sources such as Grater
Amman Municipality (GAM) and the Ministry of Water
and Irrigation (MWI). Data of flood control project were
the most problematic which as it was limited to
manholes only with little attributes.

1.

Elevation: a digital elevation model with 12.5 m
resolution was downloaded from the Alaska
Satellite Facility.

The average maximum daily rainfall data of the
years 2005 to 2015 were collected from 9 station
(Wadi  Es-Sir/Natural Resource  Authority,
Amman Hussein College, Jubeiha, Wadi Es-Sir,

Na'ur, Ministry WI, Sahab, Hummar and Sweilih)
(Figure 3). The data were provided by the
Ministry of Water and Irrigation.

The land use land cover was prepared from
Google Earth. LULC is an important parameter in
the assessment of flood hazard and risk as they
play an important role in the runoff.

Population data were collected from the
Department of Statistics Census of 2004.

Flood Control Projects: manholes spatial
distribution in the study area were obtained from
GAM.
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Figure 3: The rainfall stations used in the study of Wadi Ain Ghazal, Jordan.

All collected data has been transformed to the
Universal Transverse Mercator coordinate system
Zone 36N.

2.3. Spatial Multi-Criteria Analysis (SMCA)

The input is a set of maps that spatially represents
the criteria for flood hazard and flood risk. These maps
were grouped, standardized, and weighed. Whereas
the composite index map is the output indicating the
realization of the inputs [19]. The composite index map
provides a score that possesses a range based on the
assigned weight, for each grid cell and calculated using
equation 2 [24]:

m

up = E Vi, jWj

d Equation (2)
The weights (w;) are non-negative and add up to 1, and
V;; is a transformed performance score for Xk (the
rating factors) on a scale of 0 to 1, where 1 represents
the best performance.

The flood risk index is generated by the summation
of the two composite index maps for hazard and
vulnerability (Eq.1). The intermediate map of hazard is

constructed by overlaying the six intermediate weighted
maps (elevation, slope, land use land cover, drainage
density, flood control projects, and rainfall) using
addition (Eq.2). The intermediate map of vulnerability is
generated by combining the three vulnerability types
(population, transportation, and cropland) (Eq.2).

2.4. Indicator Analysis

The selection of evaluation criteria is a crucial step
because the inclusion or exclusion of criteria can
greatly influence the results of the evaluation process.
While the evaluation criteria should be complete to
ensure that the whole problem is encompassed; the set
of criteria should be minimal to reduce the complexity
of the evaluation process [25]. These indicators are
classified into hazard and vulnerability indicators.

Flood causative factors particularly in the study area
were identified from literature. Hazard indicators
include elevation, slope, land use land cover, drainage
density, flood control projects, and rainfall. Three
vulnerability indicators were considered: population
(social vulnerability indicator), cropland (economic
vulnerability indicator), and transportation (physical
vulnerability indicator).



GIS-Based Flood Risk Assessment in Urban Areas

Journal of Environmental Science and Engineering Technology, 2026, Vol. 14 25

2.5. Standardization Rules

To make an SMCA possible, the input layers need
to be standardized from their original values to the
value ranging from 0 to 1. This is because the
indicators have different measurement scales and that
their relations to flood risk are also different. The
standardization process is different between a positive
indicator having a positive correlation with flood risk,
and a negative indicator having a negative correlation
with flood risk (Table 2) [26]. For the positive indicators,
the maximum method (1) (equation 3) is used whereas,
the maximum method (II) (equation 4) is used to the
negative indicators (Mao 2001).

S Xi — Ximin
Vis = ’ ‘
Ximax — Ximin Equation (3)
 Ximax — Xj
Vis =

X — Ximi .

I max Imin Equatlon (4)
Here, for the indicator i, vis a standardized value, x; is
an initial value, xi max is the maximum value, and xi
min is the minimum value.

2.6. Development of Weights

To employ SMCA as a supporting tool, the weights
must reflect the preferences among a set of entities.
There are different methods can be applied to calculate
the weights [27]. The Analytical Hierarchy Process
(AHP) [28, 29]. is one of the most widely used multi-
criteria decision-making tools that has been adopted by
decision makers and researchers [30]. The traditional
AHP method is challenging as it uses an exact value to
express the decision maker’s opinion in a comparison
of alternatives [31]. It does not reflect the human way of
thinking [32], and it is incapable of effectively
accommodating the inherent ambiguity and imprecision
in the pair-wise comparison table [33]. Therefore, the
Triangular Fuzzy AHP [34] was utilized in this study as
it is providing interval judgments rather than fixed value
judgments. The first task of the fuzzy AHP method is to
decide on the relative importance of each pair of
factors in the same hierarchy. The pairwise
comparisons are described by values taken from a pre-
defined set of ratio scale values as presented in
Table 3.

Table 2: Evaluation indicators with their corresponding standardization method.

Flood Risk Indicators Sub Indicators Standardization
Hazard Condition Elevation Maximum (I1)
Slope Maximum (1)
Land use land cover Maximum (I1)
Drainage density Maximum (1)
Flood control project Maximum (I1)
Triggering Rainfall Maximum (1)
Vulnerability Social Population Maximum (1)
Economic Cropland Maximum (1)
Physical Transportation Maximum (1)

Table 3: Triangular fuzzy conversion scale (Radhakrishnan and Kalaichelvi, 2014).

Linguistic scale for relative importance

Triangular fuzzy scale

Reciprocal of triangular fuzzy scale

Exactly the same

(1,1,1)

(1,1,1)

The same importance (1/2,1,3/2) (2/13,1,2)
Slightly important (1,3/2,2) (1/2,2/3,1)
Serious importance (3/2,2,5/2) (2/5,1/2,2/3)
More serious importance (2,5/2,3) (1/3,2/5,1/2)
Absolute importance (5/2,3,7/2) (2/7,1/3,2/5)
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Using the Triangular Fuzzy Conversion scale given
above, the pairwise comparison matrix was constructed
for flood hazard in Table 4. Table 5 presents the
pairwise comparison matrices for hazard conditions
that include five indicators. The only indicator that
represented the hazard triggering is the rainfall average
maximum daily and it is given a weight of 0.315 (Table
6).

Table 4: Flood hazard weights.

Table 6: Hazard triggering weight.

Hazard triggering Rainfall (average maximum Daly)

Rainfall (average maximum

daily) (.11

In a similar manner the aggregated pairwise
comparison matrix for vulnerability criteria was
constructed (Table 7).

The aggregated pairwise comparison matrices for
vulnerability criteria are shown in Table 8.

Hazard Condition Triggering Table 8: Flood risk weight.
Condition (1,1,1) (1,3/2,2)
Risk Hazard Vulnerability
Triggering (1/2,2/3,1) (1,1,1)
Hazard (1,1,1) (1,3/2,2)
Vulnerability (1/2,2/3,1) (1,1,1)
Table 5: Hazard conditions weight.
Hazard (Condition) Elevation Land use land cover Slope Drainage density Manhole
Elevation (1,1,1) (1/2,1,3/2) (1,32 ,2) (3/2,2,5/2) (2,5/2,3)
Land use land cover (2/3,1,2) 1,1,1) (1,3/2 ,2) (3/2,2,5/2) (3/2,2,5/2)
Slope (1/2,2/3,1) (1/2,2/13,1) (1,1,1) (1/2,1,3/2) (1,3/2,2)
Drainage density (2/5,1/2,2/3) (2/5,1/2,2/3) (2/3,1,2) (1,1,1) (1/2,1,3/2)
Manhole (3/1,2/5,1/12) (2/5,1/2,2/3) (1/2,2/3,1) (2/3,1,2) (1,1,1)
Table 7: Flood vulnerability weights.
Vulnerability Population Road Cropland
Population (1,1,1) (3/2,2,5/2) (1,3/2,2)
Road (2/5,1/2,2/3) (1,1,1) (1,3/2,2)
Cropland (1/2,2/3,1) (1/2,2/3,1) (1,1,1)

Table 9: Evaluation indicators with their corresponding weight values.

Hazard
Flood Risk Vulnerability 0.315
Condition 0.685 Triggering 0.315
Elevation 0.303
Land use land cover 0.285
Slope 0.168
Drainage density 0.135
Flood control project 0.109

Rainfall
Population
Roads
Croplands

0.55
0.29
0.16
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3. RESULTS AND DISCUSSION
3.1. Results

3.1.1. Weight of Indicators

The results of weight calculations for all criteria and
sub-criteria were determined (Table 9). The highest
weights for hazard indicators were for the elevation and
land use land cover indicators, whereas the lowest
weight was assigned to the flood control projects. For
vulnerability indicators, population was assigned the
highest weight (0.55).

3.1.2. Hazard Indicators
Elevation

The study area is located between the elevation 709
and 1,084 meters a.s.l. Historically, low-lying areas
were known to be the worst hit by floods in Amman
city. Figure 4 shows the standardized elevation map of
the study area, in which the highest values are
concentrated along the streams and neighboring area
of Wadi Ain Ghazal.

764000 768000 772000
1 1 1

Slope

The slope plays a fundamental role in flood hazard
mapping [36] as it indicates the degree of elevation
variability in adjacent grids [37, 38]. Nonetheless, flood
risk is directly affected by the terrain variations in
certain ranges that are not limited to neighboring grids.
Thus, the standard deviation of elevation was selected
as a topographic indicator [39, 40]. The standard
deviation of elevation has a great influence on flood
hazard assessment because it governs the amount of
surface runoff produced, the precipitation rate, and
displacement velocity of water over the equi-potential
surface. The resulting standardized map is shown in
Figure 5, where the highest values are along the
streams of the Wadi in the south and northeast of the
catchment.

Land Use Land Cover

The infiltration capacity increases with increasing
the vegetation and percentage of organic matter and
decreasing in the bulk density of the soil [41, 42, 43].
For that reason, the infiltration will be reduced,
increasing the rate of runoff and decreasing the lag
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Figure 5: Standardized slope in Wadi Ain Ghazal, Jordan.

time in urban areas. There are seven different types of
LULC in Ain Ghazal: forest, cropland, orchard, pasture,
bare rocks, bare soil and urban (high, moderate and
low). Those types were rated according to their
relations to runoff generation (Table 10) according to
literature and local experts. The standardized map of
Land use/cover is presented in Figure 6.

Table 10: Land use land cover rating.

LULC type Rating

N

Forest

Cropland
Orchard

Pasture

Bare soil

Bare rock

Urban low density

0| N Ol o~ W|N

Urban moderate density

-
o

Urban high density

Drainage Density

Drainage systems developed in an area are
dependent on the slope, the nature and attitude of
bedrock [36]. Drainage density is a fundamental

T T T
776000 780000 784000

concept in hydrologic analysis which is defined as the
ratio of the length of drainage per basin area. The
rating for drainage density decreases with increasing
drainage density. The drainage density was calculated
using the Line Density function that calculate a
magnitude per unit area within a radius around each
cell [44]. Finally, the standardized map of the drainage
density indicator was produced (Figure 7).

Flood Control Projects

The presence of manholes is often a very effective
factor in reducing the hazard of flooding. They have an
inverse relationship with flood for instance increasing
number and size of manholes leads to decreasing the
hazard. Manhole density was used as an indicator for
the fighting-calamity capability of flood control projects.
The manholes were installed almost all over the study
area with lower density in elevated areas.

Rainfall

A high precipitation over a short period of time is the
most important factor responsible for triggering floods.
Rainfall intensity is the best data for flood hazard and
risk assessment. The average daily maximum rainfall
was utilized in this study. Natural neighbor technique
was used for interpolation. The distribution of rainfall
showed that the northwest part of the study area
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Figure 7: Standardized drainage density map in Wadi Ain Ghazal sub-basin, Jordan.

receives highest rainfall while the southeast portion
receives the lowest amounts. The standardized map is

shown in Figure 8.
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3.1.3. Vulnerability Indicators vulnerability of any system is a function of the exposure

and susceptibility of that system to hazardous

Three factors define societies' vulnerability to -
conditions and the resilience of the system to adapt

floods; exposure, susceptibility and resilience [45]. The
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and/or recover from the effects of those conditions [46].
[47] Describes exposure as the measure of susceptible
elements (goods, infrastructure, cultural heritage and
agricultural fields) within a region threatened by a
hazard. Susceptibility is defined as the elements
exposed within the system, which influence the
probabilities of being harmed at times of hazardous
floods. The selection of vulnerability indicators was
made after analyzing a similar work in literature [26, 37,
48, 49, 50]. Considering the unavailability of some
documents and data, three key indicators were
considered: population (social vulnerability indicator),
cropland (economic vulnerability indicator), and
transportation (physical vulnerability indicator).

Population

The population density was calculated by number of
populations per area. Most of the population is located
on the southeastern side of the study area. The
standardized map is shown in Figure 9. The population
density is dominating the southern and central parts of
the Wadi because of the lower elevations.

764000 768000 772000
1 1 1

Transportation

The road density was calculated for the
transportation indicators. The highest density of roads
are located in the central parts of the study area and
most of the high density roads are close to the
drainage density which means most of wadis were
converted to be roads by GAM. The standardized map
is shown in Figure 10.

Cropland

Although the proportion of agricultural land is not
large in the region, it has an important role in the
economy of farmers. Thus, the percentage of cropland
was chosen as an indicator. The cropland percentages
were higher in the western and southern parts of the
study area (Figure 11).

3.2. Discussion

3.2.1. Flood Hazard Map

The rating values of each factor were given through
discussion with concerned researchers and according
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Figure 12: Flood hazard map of Wadi Ain Ghazal, Jordan.

to published literature. To assess the flood hazard Flood Hazard = (0.685 x (0.303 x [St. Elevation] +
(Figure 12) the standardized (St.) hazard factor maps 0.285 x [St. Land Use Land Cover] + 0.186 x [St. Slope
were combined in raster calculator in the ArcGIS (STD)] + 0.135x [St. Drainage Density] + 0.109 x [St.

environment using the following equation: Flood Control Project]) + (0.315 x [St. Rainfall]))
Equation (5)
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The hazard index map was classified into five
zones: very low, low, moderate, high, very high. Figure
12 shows that the southeastern and eastern central
regions in the study are classified as high flood hazard
zones; mainly because they are lowlands, while the low
hazard zones are found in the regions of high lands. As
long as the rainfall factor has been given the highest
weight followed by elevation and LULC factors
respectively in the flood hazard analysis model, the
flood hazard map model result seems to coincide with
the ground truth.

3.2.2. Flood Vulnerability Map

A vulnerability analysis considers the population
and structures at risk within the flood-prone area. The
analysis evaluates the potential costs of flooding in
terms of damages to buildings, crops, roads, and
critical infrastructure, such as utilities [51]. Because
vulnerability analysis identifies the population at
greatest risk, it can also be used to identify the
emergency responses that may be required, including
the need for temporary shelters and evacuation
requirements. The analysis is also valuable for
planning on the level of flood protection [52].

As the study area is largely classified as an urban
area, it is likely to have high vulnerability, firstly on the
population and their property, economic and social.
This is followed by the secondary transport operations
and traffic movements, and finally the production
processes that may affect some farmers in their

Figure 13: Vulnerability map of Wadi Ain Ghazal, Jordan.

agricultural business. Figure 13 shows the final
venerability map of Wadi Ain Ghazal as a result of the
following equation:

Vulnerability = (0.55 x [St. Population] + 0.29 x [St.
Roads] + 0.16 x [St. Cropland)])
Equation (6)

3.2.3. Flood Risk Map

Risk analysis is considered central in risk
management framework. In this phase, aspects of
hazard analysis, exposure analysis, risk estimation and
visualization are assessed. Flood risk mapping was
determined by combining the degree of flood hazard,
and the integrated vulnerability using the following
equation:

Risk map = (0.685 x Hazard) +(0.315 x Vulnerability)
Equation (7)

The final integrated flood risk map (Figure 14)
shows that the lowland regions, which were identified
as the areas of highly prone flood hazard of the Ain
Ghazal, are designated as high and very high flood risk
areas. These high and very high flood risks areas are
located mainly in the eastern and the southeastern
regions of the study area. Other small regions are
found in the western and southwestern parts. The
highly populated settlement areas in the eastern and
the southeastern regions need immediate attention for
alleviating potential future flood risk.
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Figure 14: Flood risk map of Wadi Ain Ghazal, Jordan.

Table 11 is a statistical summary of the different
classes in hazard, vulnerability, and risk maps. Twenty
seven percent of Wadi Ain Ghazal area is classified as
high to very high hazard, 61% categorized in terms of
vulnerability as high to very high, whereas 44% of the
area is under high to very high risk.

3.2.4. Risk Assessment of Critical Facilities

Flood risk assessment has gained increasing
attention due to its importance in flood management. In
this phase, consideration is given to the protection of
lives and assets [53]. This assessment could support
the mitigation or prevention of the damages. Raising
awareness among people in vulnerable area supports
managing emergencies in-time, or avoiding building in
flood prone areas [51]. Considering land-use planning
can help to reduce risks and impacts on the buildings
and people. Flood risk assessment for Wadi Ain
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Ghazal took into consideration the spatial relationship
between the critical facilities and the different classes
of flood risk. Critical facilities are the most urgent and
important assets within the community. The community
will be able to make better decisions about how to
expend resources to protect critical facilities because of
this type of assessment. There are two types of critical
facilities: essential facilities and high potential loss
facilities.

Essential facilities

Essential facilities include all facilities considered
essential for the health and welfare of the whole
population such as civil defense centers, fire stations,
evacuation shelters, and health care facilities. Figure
15 presents the flood hazard map overlain by the
various types of essential facilities. The percentage of
essential facility located in the high and very high

Table 11: Area percentage of Hazard, Vulnerability and Risk classes.

Area %
Class

Hazard Vulnerability Risk

Very low 38 25.7 39.2
Low 17.5 13.2 16.7
Moderate 17.4 12.2 16.7
High 17.4 5.0 16.7
Very high 9.7 43.9 10.7
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Figure 15: Essential facilities with flood hazard map in Wadi Ain Ghazal, Jordan.

Table 12: Percentages of the essential facilities located within each flood hazard zone.

Percentage (%)

Type of facilities Number in the study area
Moderately hazard zone High hazard zone Very high hazard zone
Governmental 183 27 44 13
Sport centers 10 30 50 0
Health centers 60 32 52 3
Gas stations 40 33 25 10
Civil defenses 14 21 36 29

hazard zones were significant. The highest percentage
was for civil defense centers (65%) and the lowest one
was gas stations (35%) (Table 12).

High potential loss facilities

This type of critical facilities includes all facilities to
contain high population densities such as hotels and
educational centers. Figure 16 presents the flood
hazard map overlain by the various types of high
potential loss facilities. The percentage of high potential
loss facilities for the high and very high zones was 72%
for the hotels and 41% for the education centers (Table
13).

3.2.5. Environmental and Engineering Implications
for Sustainable Urban Development and Flood Risk
Management in Wadi Ain Ghazal

The hazard and risk maps point to a clear cause:
with roughly 85% of the basin now bare land or urban
and only 15% remaining under cropland, orchard, or
forest, the loss of permeable surface has cut infiltration
and shortened the time between rainfall and peak
runoff. The overlap between high road density and high
drainage density in the central catchment suggests
many natural wadi channels have effectively been
paved over, removing conveyance exactly where it's
needed most. Preserving the remaining cropland and
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Figure 16: High potential loss facilities with flood hazard map in Wadi Ain Ghazal sub-basin, Jordan.

Table 13: Percentage of essential facilities located within each flood hazard zone.

Percentage (%)
Type Number
Moderately hazard zone High hazard zone Very high hazard zone
Hotels 103 17 59 13
Education 311 35 40 1

open space, and restoring vegetation along former
wadi alignments, would help recover some of this lost
capacity at far lower cost than downstream structural
fixes. On the engineering side, flood control projects
(the manhole network) received the lowest weight of
any hazard factor in the model, consistent with
Amman's water and sewage system repeatedly failing
during the 2014 and 2015 storms discussed earlier.
Rehabilitating this network means resizing it to current
rainfall intensities, not just repairing what exists, and
pairing it with sustainable urban drainage and slope-
appropriate measures in the steeper reaches of the
basin.

The urgency is sharpest for critical facilities: 65% of
civil defense centers, 72% of hotels, and 41% of
education centers sit in high to very high hazard zones.

This calls for flood-proofing and  structural
reinforcement where facilities remain, and relocation
where the hazard is too severe to mitigate in place.

Ultimately, these findings argue for embedding the
hazard and risk maps into the Greater Amman
Municipality's land-use master plan and building-permit
process as a standing input, so future zoning and
infrastructure decisions are made with this evidence
rather than discovered to conflict with it later.

4. CONCLUSIONS AND RECOMMENDATIONS

Although flooding is an unavoidable natural
phenomenon, but we can minimize its adverse effects
by better planning. Moreover, flood events associated
with urban areas and large cities will continue to
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increase as these urban centers continue to grow.
Human activities have increased impacts of flood
events, creating risks by building in flood prone areas.
To manage flood risk, it is essential to have a flood risk
map created by geospatial technology.

The geo-database developed from this study
provides information on the flood hazard and flood risk
of Wadi Ain Ghazal and can serve as good decision
support system for flood hazard managers. The geo-
database developed from this study is, to our
knowledge, the first integrated GIS-based flood hazard,
vulnerability, and risk assessment carried out for
Amman city, and it provides a ready decision support
system that flood hazard managers can apply directly
rather than a purely academic exercise. There are
settlements in the study area that are subjected to very
high to high flood risk. Hence those settlement areas
need immediate attention for alleviating potential future
flood risk. The results show that 44.5% of the study
area is located within the moderate to very high hazard
flood zones, and about 61% of the study area is
moderately to very highly vulnerable to floods. This led
to the occurrence of 27.5% of the sub-basin under high
to very high flood risk. The risk assessment for the
critical facilities showed a very high portion of them are
under high to very high flood hazard, which means an
immediate attention is necessary to avoid future losses.

Because the study area is mainly urban it is difficult
if not impossible to demolish or reduce them for
economic and social reasons. Therefore, the following
measures are recommended to adverse flood risk:

1. Rehabilitation of drainage network.

2. Adopt appropriate engineering techniques to
reduce the potential hazard from flash floods.

3. Review of the land use master plants, in
particular building permits in the zones of high flood
hazard.

4. Re-locating the most important critical facilities.

Because it links hazard, vulnerability, and risk
directly to specific locations and facilities rather than
treating flood risk in the abstract, the GIS-based
framework developed here can be applied by decision-
makers with only modest technical resources, and it
can be extended with little modification to other flood-
prone basins in Jordan, and to comparable arid or
semi-arid urban catchments elsewhere, facing the
same combination of rapid urbanization and limited
drainage infrastructure.
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