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Abstract. The aim of  this study  is  to creatively map areas at  risk of urban fl ash fl ooding, which are 
generated in urban areas and are conditioned by the predisposition of the terrain and the degree of 
coverage and use in Amman, using the Analytic Hierarchy Process (AHP) Method and GIS Modeling. 
The AHP method  involves  the weighting of  a  number  of  factors  adopted by  comparison.  The main 
factors  considered  in  this  study were  elevation,  slope,  rainfall  intensity,  runoff,  land  use/land  cover 
(LULC), fl ow accumulation, and measurement of stream power index (SPI); these were reclassifi ed and 
weighted  to map  the  levels  of  fl ood  hazards  in  the  study  area.  Each  factor/criterion was weighted 
and assigned a rank or score using the Pairwise Comparison method to enable researchers to make 
a decision about the severity of the fl ood. The results show that about 28.2% of the study area has 
a high to very high risk of fl ooding and that fl ooding can be very strong in the north-western regions 
with high population density, while the risk becomes low in the eastern, south-eastern, and western 
arid and semi-arid  regions with  low population density. 
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 Introduction

Flood hazards are one of the environmental issues 
being studied nationally, regionally and globally 
(IPCC 2008). Floods are the most frequent hazards 
in arid and semi-arid regions, where fl ash fl oods 
are a hydrological process that causes excess surface 
water and fl ooding, taking into account that, at the 
present and in the future, this water can be a good 
source of water by water harvesting methods (Al-
Qudah and Abu-Jaber 2009). In Jordan, fl oods are 
one of the main causes of damage to infrastructure 
and to public and private properties in urban areas. 
Most of the fl oods occur in the region as a result of 
sudden heavy rains due to atmospheric depressions 
in the winter months and atmospheric instability, 
which is a manifestation of weather disturbances 
that occur in the transitional seasons of spring and 

autumn (Greenbaun 2010; Nawaiseh and Sababhah 
2017). Multi-criterion decision analysis (MCDA) 
is a method of decision-making using multiple 
factors inputs for decision-making processes. To 
explore a range of alternatives in terms of objective 
confl icts and multiple criteria, the MCDA technique 
is commonly used (Aher et al. 2013). Likewise, 
the AHP continues to be one of the most popular 
analytical techniques for complex decision-making 
problems and is widely used due to its fl exibility 
and ease of use. An AHP method can be developed 
to have many levels to characterize a decision 
condition. The selected factors governing the 
suitability of the site are weighted using the AHP, 
which is aided by a pairwise comparison matrix 
that uses a scale of relative importance (Potter and 
Frevert 2010; Yasser et al. 2013; Al Raisi et al. 2014; 
Chaudhary et al. 2016; Al-Sababhah 2022). In fact, 
the AHP, introduced by Saaty (2008) is studied 
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extensively and used in applications where problems 
related to multiple criterion decision-making 
arise. The processing framework for evaluating 
and ranking the contribution of critical success 
factors is based on the successful implementation 
of a lean production technique with the help of 
the AHP approach (Ribeiro 1996; Aikhuele et al. 
2014). A number of factors can be relied upon after 
classifying and weighting them using GIS, including 
rainfall, drainage basin area, slope, runoff, drainage 
density, soil texture, land use, communication lines, 
and infrastructure, with the aim of assessing flood 
risks and suggesting indicators of future risk. Based 
on the above, the AHP method integrated with GIS 
helps to determine the necessary measures to be 
taken before and after the occurrence of floods in 
order to locate the most likely affected areas and 
prevent flood occurrence (Kellens et al. 2008; Ozkan 
and Tarhan 2015; Al-sababhah 2018).

The current study aims to detect flood-hazard-
prone zones in urban areas in Jordan based on 
integration between GIS and AHP methods, with the 
practical goal of creating a risk map that contributes 
to the planning and formulation of future plans and 
suggestions for engineering projects designed to 
limit the effects of flood risks.

In Jordan, as everywhere in the world, 
flood risk is linked to several physical-climatic 
and anthropogenic factors and poses several 
problems with socio-economic and environmental 
consequences; floods have consequences both in 
eroded zones upstream, where it could lead to 
desertification, and downstream in deposition zones 
where it can cause siltation of structures.

Materials and methodology

Study area

Amman, the capital of Jordan, is located in the 
north-western district of Jordan, geographically 
lies between 35°39’E and 37°13’E longitude and 
31°14’N and 32°04’N latitude and covers an area 
of 7,582 km², representing 9% of the total area of 
Jordan. The study area can be subdivided into 22 
population settlements, distributed geographically 
into nine main regions. The population is about 5.1 
million people according to the latest census and 
estimates (Greater Amman Municipality statistics). 
The area includes many hills with valleys separating 
them, which may increase the risk of flooding to 

population and infrastructure. Amman Governorate 
is bordered by Zarqa Governorate to the north and 
north-east, Madaba and Balqa governorates to the 
west, and by the governorates of Karak and Ma’an 
to the south. It also reaches to the borders of Saudi 
Arabia into the south-east (Fig. 1a). Climatologically, 
the long-term analysis of temperature showed 
that the area’s average temperature was ~17.8°C, 
with a  mean annual minimum and maximum 
temperature between 16.1°C and 20°C, respectively 
(Fig. 1b). Also, the long-term analysis observed 
a regional rainfall average of 254 mm per year (i.e., 
from ~25 mm minimum in the south-east to 520 
mm maximum in the north-west area) (Fig.  1c). 
Finally, the study area can be subdivided into three 
climatic regions, including arid, semi-arid and 
semi-humid regions (Fig. 1d). Amman is situated 
on the East Bank Plateau, an upland characterized 
by three major rivers that run through it. Originally, 
the city was built on seven hills, and the terrain is 
typified by their slopes. This increases the possibility 
of frequent flash floods, particularly in commercial 
activity sites and high population density areas. 
Furthermore, the difference in elevation and slope 
plays a major role in the prevailing environmental 
conditions.

Flood risk contributing factors

The intensity and frequency of occurrence of 
natural hazards as well as the increase in the 
world’s population, and in particular the population 
density in areas affected by dangerous natural 
phenomena, result in interest in the development 
of the concept of susceptibility to such events. In 
the last two decades, there have been numerous 
attempts to quantify it, most often as an element 
of the risk assessment of losses. Literature reviews 
take up the challenge of tracking the development 
of vulnerability indicators, and the issue of 
vulnerability assessment is constantly in the study 
phase. In order to estimate the spatial distribution of 
flood risk areas, seven factors were used: Elevation, 
Slope (Degree), Rainfall Intensity (mm), Runoff 
(mm), LULC, Flow Accumulation (pixel) and SPI. 
The choice of these factors represents an attempt to 
obtain the highest accuracy for Flood-Hazard-Prone 
Zones by selecting as many factors as possible, 
shown as follows:

•	 Elevation: The use of high-resolution DEMs 
is commonly used in flood risk modeling; it is 
also critical in creating highly accurate maps of 
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fl ood risk hotspots. (Haile and Rientjes 2005; 
Puno and Amper 2016; Al-Sababhah 2023). Th e 
elevation ranges from -46 m (below sea level) 
to 1080 m (above sea level) in the study area 
(Fig. 2a).

• Slope: Th e slope gradient is a crucial factor that 
aff ects fl ood risk from the land surface. Th e 
slope is one of the most important topographic 
features that cause fl ood risk (Andualem et al. 
2020). Th e slope ranges from (0 to 55°) in the 
study area (Fig. 2b).

• Rainfall Intensity: Th e eff ect of rainfall intensity 
characteristics as a major determining factor is 
crucial in order to deal with observed variability 
in fl ood risk, (Ran et al. 2012). Th e rainfall 
intensity ranges from 31 to 210 mm (Fig. 2c).

• Runoff : Th e close relationship between fl oods 
and rainfall is due to the impact on surface 
runoff in high-intensity storms that cause 
increased flow velocity, and higher runoff 
results in higher rates of fl ood risk (Falkland 
1993). Th e runoff  ranges from 1 mm to 133 
mm in the study area (Fig. 2d).

• LULC: LULC are critical factors infl uencing 
surface runoff  (Sinshaw et al. 2021). LULC 

changes were considered signifi cant factors 
in fl oods in the study area – in particular, 
impermeable urban areas that increased the 
speed of runoff  in combination with other 
factors. In this regard, seven types of LULC were 
recognized in the study area. Land-use/land 
cover classes were investigated and computed 
as presented in (Fig. 2e).

• Flow Accumulation: Flow accumulation is a 
contributing factor in the occurrence of fl oods, 
defined as the cumulative flow downslope. 
Also, it is very benefi cial for identifying fl ood 
hotspots. From a SPIll of bank-full discharge, a 
signifi cant part of the low-lying area is fl ooded 
due to insuffi  ciency in water outfl ow (Nie et al. 
2011). Th e fl ow accumulation in the study area 
is shown in Figure 2f.

• SPI: Flood events caused by water are directly 
linked to slope morphology in the areas. 
Assuming the flow is proportional to the 
catchment area and the pitch, the potential 
energy for runoff  is also an indicator (Kakembo 
et al. 2009; Danielson 2013). Th e highest focus 
on fl ood risk has been the higher range of SPIs. 

Fig. 1.  (a) Study area  location,  (b) air  temperature  (°C),  (c)  rainfall  (mm),  (d) climate  regions
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The SPI ranges from -13.8 to 13.2 in the study 
area (Fig. 2g).

Materials

The long-term (1980–2020) climatic data used in 
this assessment constitute the daily, monthly, and 
annual rates of rainfall for 19 climatic stations 
(Table 1).

Also, this work is based on two remote-sensing 
datasets obtained, namely (I) Landsat-8 surface 
reflectance data freely available from the United 
States Geological Survey (USGS [http://www.usgs.
gov/]) during 2018–21; and (II) ASTER GDEM 
(https://asterweb.jpl.nasa.gov/gdem.asp) data freely 
available from NASA. As for the soil texture data, 
it was obtained from the soil survey records of the 
Jordanian Ministry of Agriculture for 1993–2021.

Methodology

In this paper, we use the Analytic Hierarchy Process 
(APH) and GIS Modeling to detect flood-hazard-
prone zones in urban areas in Amman, the capital 
of Jordan. This AHP method consists of a weighting 
of a number of factors adopted by comparison, as 
well as a pair of factors that may control floods in 
this area. The main factors considered in this study 
were Elevation, Slope, Rainfall Intensity, Runoff, 
LULC, Flow Accumulation and SPI.

Elev. (m) Long. (E) Lat. (N) Climate Station Elev. (m) Long. (E) Lat. (N) Climate station
700 35°57' 31°42' Gizeh 912 35°47' 32° Fohais
870 36°06' 31°49' Mowaqqar 955 35°54' 31°58' Abdali
850 36°01' 31°52' Sahab 910 35°53' 31°56' Zahran
840 35°55' 31°51' Khraibet Sooq 775 35°59' 31°59' Marka
700 36°02' 32°01' Ruseifa 600 35°47' 31°33' El-Waleh
550 37°04' 31°32' Omari 790 36°03' 31°15' Qetraneh
700 35°39' 31°44' Madaba 1060 35°50' 32°01' Swaileh
650 35°53' 32°06' Ain Basha 995 35°54' 32°01' Jubaiha
600 36°37' 31°43' South Azraq 825 35°49' 31°56' Wadi Sir

740 36°04' 31°23' Swaqah
Source: own elaboration 

Table 1. List of climatic stations used in this study

SCS-CN Method (USDA 2004)

The method that we selected for our study is the 
SCS-CN Method. In hydrological modeling, runoff 
estimation is one of the most important elements 
when analyzing flood risk. There is a number of 
empirical methods for its estimation. The most 
commonly and widely used empirical method 
is the Soil Conservation Service-Curve Number 
Method (SCS) developed by the United States 
Department of Agriculture and Soil Conservation 
Service (USDA-SCS) to estimate surface runoff. 
This method is very popular due to its simplicity, 
flexibility and requirement of a single parameter 
called Curve Number (CN) for the computation 
of runoff. Hydrologic soil group number, land use 
type and vegetation cover are the basic catchment 
characteristics used for curve number calculations. 
The equation for surface runoff is given in Eq. (I).

𝑄𝑄 =  (𝑃𝑃−𝐼𝐼𝑎𝑎)2

(𝑃𝑃−𝐼𝐼𝑎𝑎+𝑆𝑆)   
 Where, Q represents accumulated runoff or rainfall 

excess in mm, P is rainfall depth in mm, Ia is initial 
abstraction in mm, and S is potential maximum 
retention in mm. The Ia is quantified as in Eq. (II).

𝐼𝐼𝐼𝐼 = 0.2𝑆𝑆   
 

The term S is given by Eq. (III).

𝑆𝑆 = 25400
𝐶𝐶𝐶𝐶 − 254  

 
Where CN is curve number for study area 
conditions; some modifications were done and now 
Ia = 0.3S, and the equation for discharge can now be 
written as Eq. (IV).

𝑄𝑄 = (𝑃𝑃−0.3𝑆𝑆)2
(𝑃𝑃−0.7𝑆𝑆)    

 

(I)

(II)

(III)

(IV)
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Fig.  2.  Flood  risk  contributing  factors:  (a)  elevation,  (b)  slope  (degree),  (c)  rainfall  intensity  (mm),  (d)  runoff  (mm),  (e)  LULC, 
(f) fl ow accumulation  (pixel),  (g) SPI
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The curve numbers were adjusted; therefore, the 
total simulated runoff matched with the observed 
runoff data of the watersheds throughout the 
calibration process. The SCS-CNs were optimized 
according to the general condition of the land 
cover and landform within the study area. Table 2 
indicates the rainfall-runoff values (mm) based on 
the SCS-CN method.

Measurement of SPI

The SPI index is one of the most important factors 
controlling land processes, since the erosive power 
of running water directly influences river cutting 
and slope toe erosion and flood (Nefeslioglu et al. 
2008). The areas with high stream power indices 
have an excessive potential for flooding because 
they are representative of the potential energy 
procurable to entrain sediment (Kakembo et al. 
2009). Assuming that discharge is associated with 
the specific catchment area, the erosive power of 
water flow can be measured by the SPI (Moore et 
al. 1991), as expressed in Eq. (V).

𝑆𝑆𝑆𝑆𝑆𝑆 =  𝐴𝐴𝐴𝐴 ×  𝑡𝑡𝑡𝑡𝑡𝑡𝜎𝜎 

Where As represents the specific catchment area in 
meters and σ is the slope gradient in degrees. Also, 
Arc GIS can be used to measure SPI by Eq. (VI).

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐿𝐿𝐿𝐿((„𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴” + 0.001) ∗ 

∗ (("𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠"/100) + 0.001)) 

 

 

  
 

 

For details, please refer to the website: https://www.
wrc.umn.edu/randpe/agandwq/tsp/lidar.

Rainfall Intensity

In the study area, the maximum rainfall falling 
within a day recorded at the 19 stations representing 
the study area is used to determine rainfall intensity, 
as shown in Table 3.

The AHP Modeling Approaches

The AHP continues to be one of the most popular 
analytical techniques for complex decision-making 
problems and is widely used due to its flexibility 
and ease of use. An AHP can have many levels 
to characterize a decision condition. The selected 
factors governing the suitability of the site are 
weighted using the AHP, which is aided by a 
pairwise comparison matrix that uses a scale of 
relative importance (Yasser et al. 2013; Al Raisi 
et al. 2014; Chaudhary et al. 2016). This method 
consists of a weighting of the factors adopted by 
a comparison along with pairs of factors that may 
control flood in this area (Tairi et al. 2013). As 
mentioned above, the main factors considered in 
this study are Elevation, Slope, Rainfall Intensity, 
Runoff, LULC, Flow Accumulation and SPI. The 
AHP process may be subdivided into three steps: 
standardization, weight assignment and weighted 
linear combination. 

Runoff 
(mm)

Rainfall 
(mm) Climate Station Runoff 

(mm)
Rainfall 

(mm)
Climate 
Station

3.5 160 Gizeh 14.5 460 Fohais
4.2 170 Mowaqqar 11.7 390 Abdali
5.9 215 Sahab 8.8 300 Zahran
8.7 300 Khraibet Sooq 7.8 275 Marka
3.2 150 Ruseifa 5.9 220 El-Waleh
0.33 45 Omari 0.96 70 Qetraneh
9.6 300 Madaba 16.5 500 Swaileh
12.5 400 Ain Basha 17.4 320 Jubaiha
0.29 40 South Azraq 16.4 500 Wadi Sir

0.96 65 Swaqah

Source: own elaboration 

Table 2. Values of rainfall-runoff (mm)

(V)

(VI)
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Table 2. Values of rainfall-runoff (mm)

Avg
Maximum Rainfall (day)

Station Avg
Maximum Rainfall (day)

Station
5 4 3 2 1 5 4 3 2 1

67.6 136 101 72 18 11 Gizeh 125.4 218 208 123 58 20 Fohais
60.02 110 92 66 20 12.1 Mowaqqar 85.2 190 91 85 33 27 Abdali
80.4 182 88 68 36 28 Sahab 74.6 170 80 75 27 21 Zahran
71.6 144 105 72 22 15 Khraibet Sooq 74.6 155 85 79 29 25 Marka
55.4 107 68 55 28 19 Ruseifa 53.4 100 70 60 22 15 El-Waleh
22.6 56 31 18 7 1 Omari 21.2 44 32 18 8 4 Qetraneh
88.8 185 95 78 48 38 Madaba 122.8 218 190 128 52 26 Swaileh

116.6 214 166 82 66 55 Ain Basha 126 210 200 133 62 25 Jubaiha
17 38 25 12 9 1 South Azraq 129.6 210 195 140 72 31 Wadi Sir

33.8 81 44 37 6 1 Swaqah
Source: own elaboration 

Table 3. Values of rainfall intensity (mm)

The MCDA mapping

There are different methods to determine the risk 
zones of flood, which calculate the amount of flood 
and which require a lot of data and criteria that can 
be applied to characterize the flood phenomenon in 
the study area. Among these qualitative methods, 
the MCDA is used to analyze a series of alternatives 
or objectives with a view to ranking them from most 
to least preferable using a structured approach. The 
end result of MCDA is often a set of weights linked 
to the various alternatives. The weights indicate the 
preference of the alternatives relative to each other. 
They may also be seen as the received advantage or 
disadvantage when changing from one alternative 
to another. The choice of methodologies for the 
calculation of these weights varies from text to text. 
Several authors (Stewart and Scott 1995; Joubert et 
al. 1997; Ayalew and Yamagishi 2005; Kourgialas and 
Karatzas 2011) have used the methods highlighted 
by Malczewski (1999) when calculating weights in 
MCDA. The AHP developed by Saaty (1977, 1984), 
is the simplest of the multi-criterion methods. It is 
based on the synthesis and aggregation of weights 
assigned to the criteria of the different levels of the 
hierarchy. The weights and ranks of each parameter 
were assigned after the pair-wise comparison using 
the rating scale (Table 4).

Pair-wise comparison matrix

Pairwise comparison of the approved factors in the 
application of the AHP requires the development 
of a pairwise comparison matrix between the 
seven factors affecting flood, and this depends on 

the importance of each factor in the occurrence of 
flood. These factors are Elevation, Slope, Rainfall 
Intensity, Runoff, LULC, Flow Accumulation and 
SPI, where the pairwise comparison of each pair of 
elements in each level is compared with respect to 
the corresponding elements in the level above them. 
This is done in terms of their importance. The 
comparisons can then be represented by multiple 
square matrices (Chen 2006) as Eq. (VII).

𝐶𝐶 = (𝐶𝐶ⅈ𝑗𝑗)𝑛𝑛𝑛𝑛𝑛𝑛 

Where C is consistency ratio, with each matrix of 
order n as the matrix (Table 5), in order to make 
a decision.

The representation of matrices that have 
reciprocal properties (Saaty 1980) is done by Eq. 
(VIII).

𝐶𝐶 = (1/𝐶𝐶ⅈ𝑗𝑗)𝑛𝑛𝑛𝑛𝑛𝑛 

After the pairwise comparisons have been 
completed, a weight value is assigned to the element 
that has a higher importance in the pair. As for 
the less important element in the pair, a reciprocal 
value will be assigned to it. Normalization followed 
by the averaging of the weights is then done to 
obtain the relative weight for each of the elements 
in the hierarchical model. Let’s get to the matrix. 
See (Table 6).

Then, the pairwise comparison matrix will be 
normalized by Eq. (IX).

𝐶𝐶 = (𝐶𝐶ⅈ𝑗𝑗)𝑛𝑛𝑛𝑛𝑛𝑛  
 Where each element in the matrix will be 

divided by the sum of its columns (Bunruamkaew 

(VII)

(VIII)

(IX)
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Important Verbal definition of the importance of 
one factor over the other Scale

More Important

Extremely 9
Very strongly 7

Strongly 5
Moderately 3

Equally important 1

Equally Important
Moderately 1/3

Strongly 1/5
Very Strongly 1/7

Less Important Extremely 1/9
Source: own elaboration 

Table 4. Scale of comparisons of criteria (Saaty 1984)

and Murayama 2011) to get the following matrix 
(Table 7).

Weights of all factors in the hierarchical model 
are based on the researcher’s vision, and by 
referring to previous studies within the same field, 
pair-wise comparisons and ranking of factors were 
done (Table 8). In analyzing flood risk areas, slope 
was considered the most influential factor (highly 
sensitive to flood), whereas SPI was considered the 
least sensitive to flooding risk. The values in each 
cell represent the scale of relative importance for the 
given paired factors. The diagonal has a value of “1” 
throughout because the diagonal represents factors 
being compared to itself with the scale of “1” (equal 
importance). On the lower diagonal, the values of 
the scale are infractions because the factors are 
being paired in the reverse order and the scale of 
relative importance is given as the reciprocal of the 
upper diagonal pair-wise comparisons (Andualem 
et al. 2020). Hence, for identifying the flooding 
hotspot areas in Amman, factors are ranked as 
follows: elevation first, slope second, rainfall third, 
runoff fourth, LULC fifth, flow accumulation sixth 
and SPI seventh. 

Factors Elevation Slope Rainfall 
Intensity Runoff LULC Flow 

Accumulation SPI

Elevation C11 C12 C13 C14 C15 C16 C17
Slope C21 C22 C23 C24 C25 C26 C27

Rainfall Intensity C31 C32 C33 C34 35 C36 C37
Runoff C41 C42 C43 C44 C45 C46 C47
LULC C51 C52 C53 C54 C55 C56 C57

Flow Accumulation C61 C62 C63 C64 C65 C66 C567
SPI C71 C72 C73 C74 C75 C67 C77

Source: own elaboration 

Table 5. Multiple Square Matrix

These verbal judgments are based on a good 
expert knowledge of the field and the importance of 
each factor in the phenomenon of flood. To calculate 
the weights of each factor, we will need to convert 
each value in the table of the comparison matrix 
in Table 8 to a percentage of the sum per column. 
Then the weight of each factor is the average of each 
row of the standardized matrix (Table 9).

Consistency analysis

In the AHP, the pair-wise comparisons in a judgment 
matrix are considered to be adequately consistent if 
the corresponding consistency ratio (CR) is less than 
10% (Saaty 1980). First, the consistency index (CI) 
needs to be estimated. This is done by adding the 
columns in the judgment matrix and multiplying 
the resulting vector by the vector of priorities (i.e., 
the approximated eigenvector) obtained earlier. 
This yields an approximation of the maximum 
Eigenvalue, denoted by λmax. Table 10 refers to the 
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Table 4. Scale of comparisons of criteria (Saaty 1984) Factors Elevation Slope Soil Txt Rainfall LULC Flow
Accumulation SPI

Elevation 1/C11 1/C12 1/C13 1/C14 1/C15 1/C16 1/C17
Slope 1/C21 1/C22 1/C23 1/C24 1/C25 1/C26 1/C27

Rainfall Intensity 1/C31 1/C32 1/C33 1/C34 1/C35 1/C36 1/C37
Runoff 1/C41 1/C42 1/C43 1/C44 1/C45 1/C46 1/C47
LULC 1/C51 1/C52 1/C53 1/C54 1/C55 1/C56 1/C57

Flow Accumulation 1/C61 1/C62 1/C63 1/C64 1/C65 1/C66 1/C567
SPI 1/C71 1/C72 1/C73 1/C74 1/C75 1/C67 1/C77

Source: own elaboration 

Table 6. Representation of matrices that have reciprocal properties

Factors Elevation Slope Rainfall
Intensity Runoff LULC Flow

Accumulation SPI

Elevation C10/10 C10/8 C10/7 C10/5 C10/3.33 C10/2 C10/1
Slope C8/10 C8/8 C8/7 C8/5 C8/3 C8/2 C8/1

Rainfall Intensity C7/10 C7/8 C7/7 C7/5 C7/3 C7/2 C7/1
Runoff C5/10 C5/8 C5/7 C5/5 C5/3 C5/2 C5/1
LULC C3/10 C3/8 C3/7 C3/5 C3/3 C3/2 C3/1

Flow Accumulation C2/10 C2/8 C2/7 C2/5 C2/3 C2/2 C2/1
SPI C1/10 C1/8 C1/7 C1/5 C1/3 C1/2 C1/1

Source: own elaboration 

Table 7. Decision matrix

consistency matrix used to calculate the consistency 
ratio.

Then, the CI value is calculated using Eq. (X).

𝐶𝐶𝐶𝐶 =  (𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆 −  𝑛𝑛)/ (𝑛𝑛 −  1) 

Where λmax is calculated using Eq. (XI).

𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆 =∑(𝑋𝑋𝑋𝑋𝑋𝑋) × (𝑊𝑊𝑊𝑊𝑊𝑊)
𝑛𝑛

𝑖𝑖=0
 

Factors Elevation Slope Rainfall
Intensity Runoff LULC Flow

Accumulation SPI Sum Weight (%)

Elevation 1.00 1.25 1.43 2.00 3.33 5.00 10 24.01 28.09
Slope 0.80 1.00 1.60 1.14 1.60 4.00 8 18.14 21.22

Rainfall Intensity 0.70 0.88 1.00 1.40 2.33 3.50 7 16.81 19.66
Runoff 0.50 0.63 0.71 1.00 1.67 2.50 5 12.01 14.04
LULC 0.30 0.38 0.43 0.60 1.00 1.50 3 7.20 8.43
Flow 

Accumulation 0.20 0.25 0.40 0.40 0.67 1.00 2 4.92 6.00

SPI 0.10 0.13 0.14 0.20 0.33 0.50 1 2.40 2.81
Sum 3.60 4.50 5.71 6.74 10.93 18 36 85.49 100

Source: own elaboration 

Table 8. Comparison matrix of the seven factors adopted

Next, the consistency ratio CR is calculated by 
using Eq. (XII).

𝐶𝐶𝐶𝐶 = (𝐶𝐶𝐶𝐶/𝑅𝑅𝑅𝑅)  × 100 

Where RI refers to the mean of an Index of 
Consistency; the matrix Order and CI refer to the 
Index of Consistency as expressed. A randomly 
generated pairwise comparison matrix is used 

(X)

(XI)

(XII)



Noah Al-SababhahDetection of flood-hazard-prone zones using GIS modeling and AHP method in urban areas...

Citation: Bulletin of Geography. Physical Geography Series 2023, 24, http://doi.org/10.12775/bgeo-2023-000114

Fa
ct

or
s

El
ev

at
io

n
Sl

op
e

R
ai

nf
al

l
In

te
ns

ity
Ru

no
ff

LU
LC

Fl
ow

A
cc

um
ul

at
io

n
SP

I
Su

m
Av

g
W

ei
gh

t %

El
ev

at
io

n
0.

28
0.

28
0.

25
0.

30
0.

30
0.

28
0.

28
1.

96
0.

28
28

.0
4

Sl
op

e
0.

22
0.

22
0.

28
0.

17
0.

15
0.

22
0.

22
1.

48
0.

21
21

.2
1

Ra
in

fa
ll 

In
te

ns
ity

0.
19

0.
19

0.
18

0.
21

0.
21

0.
19

0.
19

1.
37

0.
20

19
.6

3
Ru

no
ff

0.
14

0.
14

0.
13

0.
15

0.
15

0.
14

0.
14

0.
98

0.
14

14
.0

2
LU

LC
0.

08
0.

08
0.

08
0.

09
0.

09
0.

08
0.

08
0.

59
0.

08
8.

41
Fl

ow
 

A
cc

um
ul

at
io

n
0.

06
0.

06
0.

07
0.

06
0.

06
0.

06
0.

06
0.

41
0.

06
5.

89

SP
I

0.
03

0.
03

0.
03

0.
03

0.
03

0.
03

0.
03

0.
20

0.
03

2.
80

Su
m

1
1

1
1

1
1

1
7

1
10

0
So

ur
ce

: o
w

n 
el

ab
or

at
io

n 

Ta
bl
e 
9.
 S
ta
nd
ar
di
ze
d 
m
at
rix
 o
f fl
oo
d 
fa
ct
or
s

to obtain the random consistency index, RI. The 
values of RI for matrices of order are 1 to 15 (1 to 
10 elements in one level) (Table 11) (Saaty T. 1984; 
Saaty R. 2016). The RI value in this study was 1.32.

If λ max is the most massive value of the matrix 
of its own, the matrix can be determined easily; 
‘n’ is the matrix sequence. The CR is a ratio of the 
random index to the matrix consistency index, 
the value of which is from 0 to 1. A CR of 0.1 or 

less is considered a respectable level, and over 0.1 
implies a revision required because the individual 
factor ratings are not being handled uniformly 
(Malczewski 1999). When these approximations are 
applied to the previous judgment matrix, it can be 
verified that the following are derived: λmax= 7.02; 
CI = 0.0034 and CR = 0.0025. 

Once the weighting is done, the different 
factors are adopted, and the coherence ratio value 
is acceptable. CR = 0.01, and the superposition 
of the seven input factors adopted will be carried 
out under ArcGIS software 10.4.1 according to Eq. 
(XIII).

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = (0. 2809 ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) + (0. 2122 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) + 
+(0. 1966 ∗ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅) + (0. 1404 ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅) + 

+ (0. 843 ∗ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑈𝑈𝑈𝑈𝑈𝑈, 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) + 
+ (0. 06 ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) + (0. 0281 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆) 

 

Processing of input data and interpolation 
methods

The spatial data were stored in a vector data format 
shape file by GIS 10.4.1 software, for spatial data 
administration and analysis, based on the database 
including spatial data of sites. Also, the spline 
interpolation approach in GIS was chosen since 
studies involving a small number of instances are 
best suited for it (Hutchinson 1998). The spline 
method is defined as a system of lower-degree 
polynomials that follow each other at the points of 
the input point field at various intervals (Malczewski 
2006).

Results and discussion

The factors of flood risk are compared with each 
other by developing a comparison matrix. They are 
compared as the importance of one with respect to 
another and accordingly given a rating as per Saaty’s 
scale. The present study was conducted to determine 
the zones of Amman Governorate in Jordan that 
have had frequent urban floods in recent years.

Reclassification of flood risk contributing 
factors

The model applied in this study allows for the 
determination of the zones sensitive to flooding in 
the study area. Based on the sensitivity classes of the 
factors that control flood risk, we have established 
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Factors Weight % Consistency measure Acceptance
Elevation 28.04 0.0099 Accepted

Slope 21.21 0.0104 Accepted
Rainfall Intensity 19.63 0.0099 Accepted

Runoff 14.02 0.0099 Accepted
LULC 8.41 0.0099 Accepted

Flow Accumulation 5.89 0.0101 Accepted
SPI 2.80 0.0099 Accepted
Sum 100 0.0699 Accepted

CI=0.003  RI = 1.32  CR=0.002
Source: own elaboration 

Table 10. Consistency measurement matrix

Size 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.11 1.24 1.32 1.41 1.45 1.49

Table 11. Random indices for matrices of comparisons (Saaty 1984)

the reclassification maps of the risk of flood in 
Amman, as follows:

•	 Elevation: The DEMs map was reclassified 
into five major elevation classes depending 
on susceptibility to flooding. The higher the 
altitude of the area, the greater the possibility 
of having recurring floods as a result of high 
amounts of rain and vice versa (Fig. 3a).

•	 Slope: The slope map was reclassified into 
five major slope classes depending on the 
Food and Agriculture Organization (FAO) 
slope classification and susceptibility to 
flooding. Areas that are found on flat and 
gentle slopes were taken as having very low 
and low susceptibility to flooding, and vice 
versa (Fig. 3b). 

•	 Rainfall Intensity: The most frequent floods 
occur in the areas with the highest rainfall 
intensity, and higher runoff causes higher 
rates of flood risk. On this basis, the rainfall 
intensity map was classified (Fig. 3c).

•	 Runoff: The most frequent floods occur in 
the areas with the highest surface runoff, 
and higher runoff causes higher rates of 
flood risk. On this basis, the runoff map was 
classified (Fig. 3d).

•	 LULC: As mentioned above, impermeable 
urban areas and rocky areas have a very high 
probability of flooding, while agricultural 
and forest areas have a lower probability of 
flooding. On this basis, the LULC map was 
classified (Fig. 3e).

•	 Flow Accumulation: In the classified map, 
the higher the flow accumulation values, 
the higher the probability of flooding, due 
to the continuous accumulation of rainwater 
(Fig. 3f).

•	 SPI: Flood events are directly linked to slope 
morphology in the areas. The higher the SPI 
values, the higher the probability of flooding 
(Fig. 3g).

Weighting of flood risk contributing factors

The weighing process in multi-criterion models 
is subject to the researcher’s decision as there are 
different methods available to determine weights, 
but these weights must be credible. All flooding 
contributing factors were classified into five 
categories that represent the degree of risk scale of 
that category on the possibility of flooding within 
the same factor. A standard scale of 1–9 according 
to the Sa’aty (1984) system was used to determine 
the degree of impact, with a value of 9 indicating 
a higher degree of risk. Referring to the above, 
these verbal judgments are based on a good expert 
knowledge of the field and of the importance of 
each factor in flooding. To calculate the weights of 
each factor, we will need to convert each value of 
the comparison matrix in Table 6 to a percentage 
of the sum per column in Table 7. Then, the weight 
of each factor is the average of each row of the 
standardized matrix. Table 12 indicates the weights 
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Fig.  3.  Classifi ed  fl ood  risk  contributing  factors:  (a)  elevation,  (b)  slope  (degree),  (c)  rainfall  intensity  (mm),  (d)  runoff  (mm), 
(e) LULC,  (f) fl ow accumulation  (pixel),  (g) SPI
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Fig. 4. Risk  levels  for fl ood  risk contributing  factors:  (a) elevation,  (b) slope  (degree),  (c)  rainfall  intensity  (mm),  (d)  runoff  (mm), 
(e) LULC,  (f) fl ow accumulation  (pixel),  (g) SPI
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Percentage (%) Area (km2) Risk Level Domain Factor
26.4 2000 Very high 800–1084

Elevation
34.1 2582.8 High 700–800
23.8 1805 Moderate 600–700
14.5 1101 Low 500–600
1.2 93.2 Very low (˗46)–500
100 7582 Total
0.6 37.2 Very high 0–2

Slope
3.6 236 High 2–5
14.5 957 Moderate 5–10
32.3 2125.8 Low 10–20
49.0 3226 Very low 20–55
100 6582 Total
0.3 19.5 Very high 170–210

Rainfall Intensity
1.8 135 High 140–170
25.3 1921 Moderate 110–140
24.3 1843 Low 71–110
48.3 3663.5 Very low 31–70
100 7582 Total
3.3 250 Very high 100–132

Runoff 
12.1 919 High 75–100
24.2 1838 Moderate 50–75
49.3 3740 Low 25–50
11.0 835 Very low 1–25
100 7582 Total
33.7 2555 Very high Rocky Areas

LULC

2.5 192 High Urban Fabric

48.0 3639 Moderate Pastures, Deposits 
Areas

15.3 1158 Low Agricultural Lands
0.5 38 Very low Forests, Water Body
100 7582 Total

Table 13. Distribution of  risk  levels  for fl ooding contributing  factors

Fig. 5. Final fl ood risk map for  the study area
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Risk level Area (km2) percentage (%)
Very High 635 8.4

High 1498 19.8
Moderate 2288 30.2

Low 2061 27.2
very Low 1100 14.5

Sum 7582 100

Table 14. Distribution of risk levels for flood risk

Fig.6. Distribution of flood risk areas according to population settlements in Amman

of the factors, the percentage of weights for each 
factor, the levels of flood risk, and the classification 
of factors.

The risk classes were assigned to the seven 
selected factors. Then the AHP pair-wise 
comparison matrix was constructed based on the 
preferences of each factor relative to the others. As 
input it takes pair-wise comparisons of the factors 
and it produces their relative weights as output. All 
flooding contributing factors were classified into 
five categories that represent the degree of risk scale 
of that category on the possibility of flood risk.

Risk levels for flooding contributing factors

Flood risk areas are classified into five risk levels 
according to the severity of flood. The spatial 
distribution of each class of flooding in percent was 
developed by the AHP method (Fig. 4).

Depending on the areas of the flood risk levels, 
the areas with a high or very high level of risk are 
about 50.5% for areas whose height is more than 

700 m above sea level (Fig. 4a, Table 13). Areas that 
are found on flat and gentle slopes of less than 5 
degrees were considered as having very high and 
high susceptibility to flooding (Fig. 4b, Table 13). 
As for Rainfall Intensity, areas with high or very 
high risk levels of flooding were about 2.1% of the 
total area (Fig. 4c, Table 13). Meanwhile, high and 
very high levels of risk for runoff represented about 
15.4% of the total area (Fig. 4d, Table 13). Areas 
that are found in rocky areas and urban fabric were 
taken as having high and very high susceptibility 
to flooding. Their area constituted a percentage of 
36.2% (Fig.  4e, Table 13). As for the levels of risk 
according to Flow Accumulation, its impact on 
floods was low within the built-up areas, according 
to the characteristics of the prevailing impermeable 
surface and sewage system. As for the areas with 
a very high risk, they represented about 1.2% of 
the total area (Fig. 4f, Table 13). Finally, areas with 
high SPI values were considered highly susceptible 
to flooding, whereas areas with low SPI values were 
classified as having low susceptibility to flooding. 
As can be seen from the spatial distribution of SPI, 
8.1 % and 2.1 % of the area have been found to 
have a high and very high susceptibility to flooding 
(Fig. 4g, Table 13).

The use of GIS is considered one of the 
effective tools in determining flood risk areas as a 
multidimensional natural hazard, as it has a spatial 
dimension (Zerger 2002). In addition, it is important 
in supporting the spatial decision through building 
multi-criterion models to determine the areas of 
flood risk (Eastman et al. 1995). A final map of 
flood risk was created for Amman Governorate 
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Fig. 7. Photographs of frequent flooding in Amman city: (a) 3 Nov 2014, (b) 5 Nov 2015, (c) 26 Oct 2018, (d) 28 Feb 2019, 
(e) 15 Dec 2020, (f) 4 Nov 2021

to show the spatial distribution of flood sites. In 
addition to developing the flood risk maps to notify 
the people responsible at all levels of decision-
making and planners with the aim to providing 
sustainable soil and water conservation practices, 
reducing infrastructure damage, and financial and 
human losses, etc. (Fig. 5).

The areas with high and very high flood risk 
in Amman are about 19.8% and 8.4% of the total 
area, respectively. As for the areas with low and 
very low flood risk, they are about 27.2% and 
14.5%, respectively, of the total area of the study 
area (Table 14).

In the end, it was found that the urban areas in 
the Greater Amman Municipality were affected by 

a very high risk of flooding, especially in the north-
western regions with high population density, such 
as the areas of Ras al-Ain, Madinah, Qweismeh, 
Muqabalin, Sweileh, Jubaiha and Zahran. As for the 
areas in which the level of flood risk is classified 
as high, they include Naour, Al-Yadudah, Shafa 
Badran, Wadi Al-Seir, Abu Nuseir, Sahab and Al-
Quweismeh. By contrast, the eastern, south-eastern, 
and western arid and semi-arid regions of Amman 
have low and very low flood probability, and they 
have low population density as well (Fig. 6).

Some photographs of flooding in Amman and 
its recurrence in recent years, and the resulting 
severely damaged public and private property and 
infrastructure, interruption of public life, financial 
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losses, etc. are shown in Figure 7. For additional 
detail, visit: (https://www.jordantimes.com/news/
local/capital%E2%80%99s-topography-volume-rain-
over-short-period-blamed-intensity-flash-floods).

Conclusions

The application of AHP integrated into Geographic 
Information Systems (GIS) is one of the most 
important methods for creating flood risk maps. 
As is well known, it is very important to assess 
and analyze flood risk areas in different regions of 
the world, especially where flooding is a dominant 
phenomenon that has economic, social and 
environmental effects. The numerous construction 
sites in the capital Amman were probably a major 
reason behind the flooding and the shrinking empty 
space in the city that would usually absorb rainfall. 
In addition to the damage to infrastructure, the 
largest damage was caused to shops and stores that 
were raided by floods. Moreover, climate change is 
related to the recurrence of atmospheric instability, 
and the accompanying large amounts of rain during 
short periods of time; thus, flooding could reach its 
peak within a shorter period of time. This requires 
the effective management of flood risk areas 
within the study area and the expansion of water 
harvesting projects in areas of high and very high 
levels of flood risk. Finally, the methodology used 
in this study can be considered a useful tool for 
predicting potential flood areas and thus avoiding 
flood damage and ensuring public safety.
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