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Abstract 

The current study is based on the evaluation of the assessment of rainwater harvesting (RWH) in (semi- arid) 

regions. Where, this study aimed to assess the implementation of RWH by developing a methodology that can 

be easily applied to identify rainwater harvesting locations in Hasa Basin in southwest Jordan, through 

integration between the Multiple Criteria Decision Models (MCDM) using an analytic hierarchy process 

(AHP), and Geographic Information System (GIS). The main factors considered to achieve the aim of the 
study were rainfall intensity, runoff, slope, flood susceptibility, soil texture, geology, land use/ cover (LULC), 

elevation, rivers, faults, settlement centers, roads, wells.  These were reclassified and weighted to map the 

levels of rainwater harvesting in the study area. Rainwater harvesting suitable sites map obtained for the 

study area showed that areas with high and very high suitability formed, respectively, about 11.14% and 

1.17%, while areas with low and very low suitability, in contrast, constituted about 46.09% and 9.68 %, 

respectively, of the total area of the study area. 
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1. Introduction 

The arid and semi-arid regions of the world suffer 
from an increasing shortage of available water 

resources at the present time. As the scarcity of rain 

affects soil productivity and development in its 

various sectors, especially in regions that are 

overwhelmed by severe drought conditions. Thus, 

water in Jordan acquires special importance due to 

its scarcity and limitations, and the irregularity of its 

temporal and spatial distribution. As a result of 

increasing population growth, and the high pace of 

economic and social development, the problem of 

water scarcity is exacerbated as a logical 
consequence of the increasing demand for water for 

various needs. Hence, RWH is one of the most 

important methods to store water when rainstorms 

occur, to reduce water deficit and high demand 

during the long dry months in Jordan [1]. The RWH 

can also be considered one of the most efficient 

ways to save water both environmentally and 

financially, as it contributes to adding realistic 

solutions to the problem of water scarcity and 

depletion of aquifers [2] [3] [4] [5] [6] and [7]. 

Moreover, RWH can be managed in several ways to 
be used for various purposes in groundwater 

recharge, flood risk reduction, soil moisture 

improvement, irrigation, and grazing reserves [8] [9] 

and [10]. Adequate selection of sites for RWH 
potential requires the consideration of several 

criteria, including hydrology, climatic 

characteristics, topography, and soil parameters, in 

order to improve water availability, especially in 

arid regions [11] and [12]. 

The MCDM and GIS tools are used to analyze 

land suitability evaluation for a specific use such as 

rainwater harvesting. They are also a prerequisite 

for land-use planning and development [13]. The 

aim of integrating MCDM with GIS is to provide 

more flexible and accurate options to decision-
makers to evaluate the significant factors affecting 

the selection of potential sites for RWH [14]. Hence, 

one of the important functions of GIS is spatial 

decision-making, based on the maps produced in 

integration with AHP, where the map becomes the 

focus for setting priorities for decision criteria to 

benefit in improving the availability of water 

resources. Moreover, the MCDM aim to develop 

creative solutions in identifying the areas of most 

suitable RWH sites by integrating them into the GIS 

environment [15] [16] [17] and [18]. In addition, the 
GIS-MCDM model is used to prepare maps that 

represent proposals in support of spatial decision-

making regarding the most suitable rainwater 
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harvesting sites, based on the development of a 

number of criteria that constitute the most 

influential factors to determine the appropriateness 

of the land characteristics for the construction of 

RWH projects [19] [20] [21] [22] [23] [24] and [25]. 

The current study aims to develop a model using 

GIS based on AHP to create an RWH potential area 

map that contributes to the planning and 

management of water resources in Hasa Basin in 
southwest Jordan. 

 

2. Materials and Methods 

The selection of suitable RWH areas is related to 

several physical and anthropogenic factors. 

Rainwater harvesting projects contribute to 

improving the water situation in semi-arid and arid 

regions in Jordan, in addition to their positive socio-

economic and environmental consequences. 

 

2.1 Study Area  
The study area is located in the southwest region of 

Jordan and geographically lies between 35°29′30′′ E 

and 36°26′18′′ E longitude and 30°33′17′′ N and 

31°03′16′′ N latitude covering an area of  2632.6 

km², representing a percentage of 2.95 % of the total 

area of Jordan.  The maximum length of the  basin is 

98 km from southeast to northwest toward the Dead 

Sea, while the maximum width extends for 42 km 

from north to south (Figure 1). 

 

2.2 Materials 
The long-term (1990-2021) climatic data used in 

this assessment constitute the daily, monthly, and 

annual rates of rainfall for 10 climatic stations.  

Depending on the climatic records of the 

Meteorological Department, and the data of the 

Ministry of Water and Irrigation in Jordan (Table 

1). Also, this work is based on two obtained remote 

sensing datasets: (i) Landsat-8 surface reflectance 

data freely available from USGS (http://www.usgs. 

gov/) during the period 2020; and (ii) ASTER DEM 

(https://asterweb.jpl.nasa.gov/gdem.asp) data freely 

available from NASA. It was used to determine the 

location of the study area and its topographical 
characteristics such as elevation and slope, and 

types of LULC for the study area. The soil texture 

data were obtained from the soil survey records of 

the Jordanian Ministry of Agriculture for the period 

from 1993 – 2020. It is worth mentioning also that 

the spline interpolation method in GIS has been 

selected because it is the most appropriate one for 

studies involving a small number of cases [26] and 

[27]. Table 2 shows details of the data and data 

sources. 

 
2.3 Potential RWH System Selecting 

In this paper, the AHP and GIS Modeling were used 

to identify RWH sites in Hasa Basin.  This method 

consists of a weighting of a number of factors 

adopted by comparison, as well as a pair of factors 

that may control RWH in this basin. The current 

study relied on 13 factors in order to determine 

suitable sites for RWH: rainfall intensity, runoff, 

slope, flood susceptibility, soil texture, geology, 

LULC, elevation, rivers, faults, settlement centers, 

roads, and wells. The set of RWH factors is related 
to the purpose of this study, and the 13 factors or 

criteria were chosen to increase accuracy in 

determining suitable water harvesting sites. 

 

 
Figure 1: The location of the study area 
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Table 1: List of climatic stations used in this study 
 

Ele (m) Long (E) Lat (N) Climate 

Station 

Ele (m) Long (E) Lat (N) Climate 

Station 

1170 35°43'18'' 30°47'36'' Aboor 1230 35°41'41'' 31°03'51'' South Mazar 

1420 35°32'24'' 30°31'11'' Shobak 860 35°58'27'' 30°51'15'' Hasa 

850 36°10'46'' 30°18'47'' Jafr 1170 35°36'50'' 30°43'47'' Bsaira 

(-340) 35°29'22'' 31°02'01'' Ghour Safi 1000 35°36'46'' 30°50'20'' Tafiela 

1050 35°36'20'' 31°03' Tayybeh 1270 35°38'18'' 30°42'52'' Gharandal 
 

Table 2: Data types and sources 
 

Source Resolution/Scale Year Data Type 

http://www.usgs.gov/ 30 m 2020 Landsat-8 

https://asterweb.jpl.nasa.gov/gdem.asp 30 m 2020 ASTER DEM 

Ministry of Agriculture, Jordan 1:50000 1993 Soil Map 

Ministry of Agriculture, Jordan 1:100000 2021 Geology Map 

Jordan Meteorological Department Monthly / Daily Data 1990-2021 Climate Data 
 

2.3.1Rainfall intensity 

The amount and distribution of rainfall are pivotal 

factors in determining a suitable RWH site. In the 

study area, the maximum 24-hour precipitation 

recorded in ten stations representing the study area 

is used to determine rainfall intensity. The rainfall 

intensity in the study area ranged from 29.7 to 144.1 

mm/hour.  

 
2.3.2 Runoff  

The study relied on the  Soil Conservation Service 

(SCS)- Curve Number (CN) model [28] and [29]. 

There are a number of empirical methods for Runoff 

estimation. The most commonly and widely used 

one is the SCS-CNs Invented by United States 

Department of Agriculture (USDA) to estimate 

surface runoff. This method is popular, flexible, and 

simple to use. The equation for surface runoff is 

given by: 

Q  =    
(P − Ia)2

(P − Ia + S)
 

Equation 1 

 

Where:   Q = Accumulated runoff or rainfall excess 

in mm 

               P = The rainfall mm 

               Ia = Initial abstraction in mm  
               S = Potential maximum retention in mm.  

 

The US Soil Conservation Service has found by 

experience that: 

𝐼𝑎 = 0.2S 

Equation 2 

The term S is given by: 
 

𝑆 =
25400

CN
− 254 

Equation 3 

 

 

 

Where: CN is the Curve Number for study area 

conditions. Some modifications were done, and now 

Ia = 0.2S”. And the equation for discharge can now 

be written as: 

Q =
(P − 0.2S)2

(P + S − 0.2S)
 

Equation 4 
 

2.3.3 Slope 

The degree of slope is also an important factor in 

choosing an RWH site, and RWH systems in a 

location with a slope of less than 2  ͦ are usually 

chosen. The slopes ranged from (0 to 70.2°) in the 

study area.  

 

2.3.4 Flood susceptibility 

In this paper, we adopt AHP method and GIS 
modeling for the detection of flood hazard-prone 

zones. This method consists of a weighting of the 

factors adopted by comparing a pair of factors to 

control floods in this area. The main factors 

considered for the measurement of flood 

susceptibility were slope, rainfall intensity, runoff, 

elevation, and LULC, which were reclassified and 

weighted for mapping the levels of flood hazards in 

the study area. Each factor/criterion was weighted 

and assigned a rank or score by using the pairwise 

comparison method for making a decision about the 
severity of the flood. Consequently, flood hazard 

areas could be categorized into five risk levels, 

namely very high, high, moderate, low, and very 

low. A standard scale of 1-9 according to [30] 

system was used to determine the degree of impact, 

with a value of 9 indicating a higher degree of risk. 

To calculate the weights of factors, each value must 

be converted to in the table of the comparison 

matrix to a ratio of the sum per column. Then the 

weight of factors is the mean of each row of the 

standardized matrix. 
 

https://form.jordan.gov.jo/wps/portal/Home/GovernmentEntities/Ministries/Ministry/Ministry%20of%20Transport/Jordan%20Meteorological%20Department?current=true&nameEntity=Jordan%20Meteorological%20Department&entityType=sub
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 2.3.5 Soil texture 

Soil is an important factor in determining the RWH 

site. Where, the soil texture also controls water 

runoff, and the aquifer system, and manipulates the 

rate of percolation, and permeability levels. Soil 

texture affects the water content and ability of soils 

to retain water on the surface and not penetrate 

down. This is because texture controls the nature of 

soil pores. Thus, an increase in the possibility of 
harvested water is the result. Soil texture can be 

arranged in order of importance according to 

suitability level of RWH into silty clay loam, clay 

loam, silty clay, sandy clay loam, sandy, 

respectively. 

 

2.3.6 Geology 

The geological structure of the region is an 

additional main factor in determining the potential 

of the RWH site. Also, rock texture determines the 

surface hardness and its suitability as an RWH site. 
In addition, the stability of the slopes and their 

readiness for a landslide risk reflect the geological 

structure and the slope of the rock layers in relation 

to the surface slope, as well as the faults which may 

affect the body of the water harvesting system and 

water retention. The geological structure can be 

arranged according to the importance in determining 

the suitability level of the RWH to marl  limestone, 

marl silt loam, limestone marl chalk, chert-

limestone, sand-limestone, sandstone gravel 

dolomite, respectively. 
 

2.3.7 LULC 

LULC changes are considered critical factors that 

affect the selection of the RWH sites in the study 

area.  This is because LULC plays an important role 

in the runoff, and the possibility of storing water 

[31].  

 

2.3.8 Elevation 

High-resolution DEMs are commonly used in RWH 

systems modeling because of their indirect effect on 

the amount of rainfall. Indeed, runoff, slope, LULC, 
and others are related to elevation. The elevation 

ranged from (-334m) below mean sea level (MSL) 

to (1584 m) above MSL in the study area.  

 

2.3.9 Rivers 

Rivers are linked to the possibility of water runoff 

through valleys, and then collecting and 

accumulating it, and thus the possibility of RWH. 

Thus, they determine the amount of water that can 

be accumulated cumulatively towards the main 

channel and the possibility of RWH.  
 

 

2.3.10 Faults 

In order to improve water storage through the 

establishment of RWH systems, fault lines must be 

taken into consideration by determining a safe 

distance to ensure that running water is not lost 

through the fault cracks. 

 

2.3.11 Settlement Centers 

It is preferable to exclude settlement centers and 
urban areas when making a spatial decision related 

to choosing the most suitable sites for the 

establishment RWH systems, as they are considered 

among the spatial determinants that are excluded for 

environmental and economic reasons.  

 

2.3.12 Roads 

As in the case of Settlement Centers, roads are 

excluded when making the spatial decision 

regarding the selection of the most suitable sites for 

setting up RWH systems for economic reasons.  
 

2.3.13 Wells 

Wells are usually built for the purposes of providing 

water to the population or agriculture or recharging 

groundwater, and therefore, it is preferable to take a 

spatial decision to establish an RWH system away 

from wells, for reasons related to maintaining the 

storage capacity of the RWH system.  In addition, 

this helps to protect groundwater from sediment 

leakage or any other technical problem. 

 
2.4 AHP Modeling Approaches 

The AHP is considered one of the important 

methods in the decision-making process, where the 

selected factors are weighed through the pairwise 

comparison matrix based on the relative importance 

scale [17] [23] and [32]. As mentioned above, the 

main factors considered in this study were rainfall 

intensity, runoff, slope, flood susceptibility, soil 

texture, geology, LULC, elevation, rivers, faults, 

settlement centers, roads, and wells. The AHP 

process may be subdivided into three steps: 

standardization, weight assignment, and weighted 
linear combination. 

  

2.4.1 MCDM mapping  

The MCDM is used to infer the effect of a series of 

factors after they are arranged according to their 

importance in the possibility of water harvesting, as 

weights are given accordingly, and this depends on 

the researchers' vision in making spatial decision 

[33] [34] [35] [36] and [37] have used the methods 

processed by Malczewski [15]. when calculating 

weights in MCDM. The AHP developed by [30] and 
[38], “is  one  of the  common methods of the multi- 
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criteria methods”. It is based on the integration and 

aggregation of the weights chosen for the criteria of 

multiple levels of the hierarchy. The weights and 

ranks of each factor were determined after making 

the pairwise comparison using the rating scale.  

 

2.4.2 Pairwise comparison matrix  

Pairwise comparison of the approved factors in the 

application of the AHP requires  the development of 
a pairwise comparison matrix between the 13 

factors affecting potential RWH sites, and this 

depends on the importance of each factor in the 

occurrence of RWH. These factors  include  rainfall 

intensity, runoff, slope, flood susceptibility, soil 

texture, geology, LULC, elevation, rivers, faults, 

settlement centers, roads, and wells. The pairwise 

comparison of each pair of elements in each level is 

compared with respect to the corresponding 

elements in the level above them, and this is done in 

terms of their importance. The comparisons can then 
be represented by multiple square matrices [39] as 

follows: 

C = (Cⅈj)nxn 

Equation 5 

 

Where C is the Consistency ratio to both factors i 

and j, with each matrix of order n. The 

representation of matrices that have reciprocal 

properties [40], is done by: 

C = (
1

Cⅈj
) nxn 

Equation 6 
 

When you're done comparing, a weight value is 

assigned to the factor that has  the highest 

importance in the pair. As for the lowest important 

factor in the pair, a reciprocal of the 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 factors in the 
hierarchical model [40].  

Each element in the matrix will be divided by 

the sum of its columns [41] to get the normalized 

matrix. Moreover, the weights of all factors in the 

hierarchical model were  based on the researcher's 

vision, and by referring to previous studies within 

the same field, pairwise comparisons and ranking of 

factors were done. In analyzing suitable RWH sites, 

rainfall intensity was considered the most influential 

factor, being highly sensitive to RWH suitable sites. 

In contrast, wells were considered less sensitive to 

contributing to RWH suitable sites. 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  themselves  

with a 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 pairwise 

comparisons [42]. Hence, in order to identify 

suitable RWH sites, factors have been ranked as 

follows, rainfall intensity, Rivers, runoff, slope, 

faults, flood susceptibility, soil texture, settlement 
centers, geology, LULC, roads, elevation, and wells. 

To calculate the weights of each factor, we need 

to convert each value of the comparison matrix into 

a percentage of the sum per column. Then, the 

weight of each factor is calculated as the average of 

each row of the standardized matrix. Table 3 

represents the AHP pairwise comparison matrix. 

 

2.4.3 Consistency analysis 

In the AHP, pairwise comparisons in a judgment 

matrix  are considered adequately consistent if the  
corresponding consistency ratio (CR) is less than 

10% [40]. 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 Eigen 

value, denoted by 𝜆𝑚𝑎𝑥 [40]. Then, the CI value is 

calculated by using the formula:  
 

𝐶𝐼 =
λ𝑎𝑣 −  n

n −  1
  

Equation 7 
 

Where λmax is calculated using the formula: 

λmax = ∑(𝑋𝑖𝑗) × (Wⅈj)

𝑛

𝑖=0

 

Equation 8 

Next, the consistency ratio  CR is calculated by 

using the formula: 

CR = (
CI

RI
) × 100 

Equation 9 

 

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 to 

obtain the random consistency index, RI. The values 

of RI for matrices of order 1 to 15 [30] and [43]. 

The RI value in this study was 1.58, as defined by 

Saaty [38]. If 𝜆av is the average value of 𝜆; ’n’ is the 

matrix sequence. The CR is a ratio of the random 

index to the matrix consistency index. The value 

from 0 to 1.  
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A CR of 0.1 or less is considered a respectable level, 

and over 0.1 implies revision, required because the 

individual factor ratings are not being handled 

uniformly [15]. When these approximations are 

applied to the previous judgment matrix, it can be 

verified that the following are derived factors: 𝜆av = 

13.41; CI = 0.034, and CR =0.021. 

Once the weighting is done, the different factors 
adopted and the coherence ratio values are 

acceptable: CR = 0.023. The superposition of the 13 

input factors adopted will be carried out under 

ArcGIS software 10.4.1 according to the following 

equation: 

 

RWH sⅈtes = (0.188 ∗  raⅈnfall ⅈntensⅈty)
+ (0.156 ∗ rⅈvers )
+  (0.156 ∗ runoff )
+ (0.126 ∗  slope)
+  (0.097 ∗  faults)
+ (0.071 ∗  flood susceptⅈbⅈlⅈty)
+ ( 0.049 ∗ soⅈl texture )  
+ (0.034 ∗ settlement centers )
+ (0. 034 ∗  geology)
+ (0.025 ∗ LULC)
+  (0.025 ∗  roads)
+  (0. 02 ∗  elevatⅈon)
+  (0.02 ∗  wells) 

Equation 10 

2.4.4 Sensitivity analysis 

A sensitivity analysis was performed to assess the 

extent of the change caused by the impact of criteria 

weights on RWH potential site selection, where the 

Parameter Sensitivity Evaluation was accomplished 

by applying different weights of criteria for spatial 

decision making. The sensitivity of the factors 

indicates the change in the appropriateness of 

establishing RWH projects as: a. The importance of 
a factor or combination of factors in the site 

selection process for RWH; B. Determining the 

levels of uncertainty in the different thematic maps, 

and determining the measurements required for a 

high-accuracy test to ensure high accuracy in the 

RWH Model; C. Sensitivity analysis was performed 

to help identify spatial maps that are critical for 

accurate determination of spatial extensions and 

their appropriateness to RWH; this was achieved by 

evaluating the effect of changes in the spatial extent 

(Special Extent) by changing the weights specified 
for the set of factors in the previous criteria table. 

The degree of fit and the true extent of the variance 

of weights were also checked using the Pairwise 

Comparison Method and then reformulated for each 

pair of factors to determine the most important 

factor; this method depends on changing the weights 

specified for each criterion in each group.  

 

Table 3: AHP matrix and factors weight 
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Rainfall 

Intensity 

1 1 1 2 3 4 5 6 6 7 7 8 8 0.188 

Rivers 

1 1 1 1 2 3 4 5 5 6 6 7 7 0.156 

Runoff 

1 1 1 1 2 3 4 5 5 6 6 7 7 0.156 

Slope 

1/2 1 1 1 1 2 3 4 4 5 5 6 6 0.126 

Faults 

1/3 1/2 1/2 1 1 1 2 3 3 4 4 5 5 0.097 

Flood 

Susceptibility 

1/4 1/3 1/3 1/2 1 1 1 2 2 3 3 4 4 0.071 

soil texture 

1/5 1/4 1/4 1/3 1/2 1 1 1 1 2 2 3 3 0.049 

Settlement 

Centers 

1/6 1/5 1/5 1/4 1/3 1/2 1 1 1 1 1 2 2 0.034 

Geology 

1/6 1/5 1/5 1/4 1/3 1/2 1 1 1 1 1 2 2 0.034 

LULC 

1/7 1/6 1/6 1/5 1/4 1/3 1/2 1 1 1 1 1 1 0.025 

Roads 

1/7 1/6 1/6 1/5 1/4 1/3 1/2 1 1 1 1 1 1 0.025 

Elevation 

1/8 1/7 1/7 1/6 1/5 1/4 1/3 1/2 1/2 1 1 1 1 0.020 

Wells 

1/8 1/7 1/7 1/6 1/5 1/4 1/3 1/2 1/2 1 1 1 1 0.020 
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3. Results and Discussion 

After the factors of RWH are compared with each 

other by developing a comparison matrix, they are 

compared regarding the importance of one with 

respect to another and accordingly given a rating as 

per Saaty’s scale. 

 

3.1 Reclassification of Suitable RWH Sites 

Contributing Factors 
The present study was conducted to determine 

suitable RWH sites in Hasa Basin. The model 

applied in this study allows for determining zones 

sensitive to the suitability of RWH sites in the study 

area. Based on the sensitivity classes of the factors 

that may control RWH sites, we have established 

the reclassification factors maps for the suitability of 

RWH sites (Figure 2). 

 

3.2 Weighting of Suitable RWH Sites Contributing 

Factors 

The weighing process in MCDM is subject to the 

researcher's decision as there are different methods 

available to determine weights, but these weights 

must be credible. All RWH contributing factors 

were classified into five categories that represent the 

degree of the potential scale of that category on the 

possibility of RWH within the same factor. A 

standard scale of 1-9, according to the [30] and [38] 

system, was used to determine the degree of impact, 

with a value of 9 indicating a higher degree of 

importance. Referring to the above, these verbal 
judgments are based on a good expert knowledge of 

the field and the importance of each factor in RWH. 

To calculate the weights of each factor, we need to 

convert each value of the comparison matrix, to a 

percentage of the sum per column. Then the weight 

of each factor is calculated as the average of each 

row of the standardized matrix. Table 4 indicates 

the weights of the factors, the percentage of weights 

for each factor, the suitable levels of RWH, and the 

classification of factors.  

 

3.3 Suitability of RWH Sites Contributing Factors 

Suitable classes were assigned to the 13 selected 
factors. Then, the AHP pairwise comparison matrix 

was constructed based on the preferences of each 

factor relative to the others. As input, it takes 

pairwise comparisons of the factors and produces 

their relative weights as output. All RWH 

contributing factors were classified into five 

categories that represent the degree of the suitable 

scale of that category on the possibility of RWH, in 

order to create a weighting map for 13 factors. 

Moreover, suitable RWH sites are classified into 

five suitable levels according to the severity of 
RWH. Depending on the areas of RWH suitable 

levels, the area with high and very high levels of 

suitability for rainfall intensity made up about 36% 

of the total area. Meanwhile, areas with high and 

very high levels of suitability for runoff represented 

about 26% of the total area. Also, areas on slopes 

that are less than 2 degrees were taken as very high 

suitable levels and constituted 8.7% of the total area. 

Meanwhile, high and very high levels of suitability 

for faults buffer zones represented about 85% of the 

total area. As can be seen from the spatial 
distribution of the roads buffer zone, 3.5 % and 83.5 

% of the area were found to have, respectively, high 

and very high suitability for RWH sites.  

 

Table 4: Classification and Weighting of Factors 
 

Normalized 
Weight (%) 

Suitable 
Level 

Domain Factor 

18.8 

 

Very high 110 – 144.1 Rainfall 

Intensity(mm) High 90-110 

Moderate 70-90 

Low 50-70 

Very low 29.7-50 

15.6 Very high 0-100 Rivers (Buffer Zone 

m) High 100-200 

Moderate 200-300 

Low 300-400 

Very low Other Area 

15.6 

 

Very high 24-29.7 Runoff (mm) 

High 19-24 

Moderate 14-19 

Low 9-14 

Very low 1.2-9 

12.6 Very high 0-2 Slope(Degree) 

High 2-5 

Moderate 5-10 
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Low 10-15 

Very low 15-70.2 

9.7 
 

Very high Other Area Faults (Buffer Zone 
m) High 700-800 

Moderate 600-700 

Low 500-600 

Very low 0-500 

7.1 Very high 8-10 Flood Susceptibility 
(Level) High 6-8 

Moderate 5-6 

Low 4-5 

Very low 2-4 

4.9 
 

Very high Silty Clay Loam Soil texture 

High Clay Loam 

Moderate Silty Clay 

Low Sandy Clay Loam 

Very low Sandy  

3.4 Very high Other Area Settlement Centers 
(Buffer Zone m) High 750-1000 

Moderate 500-750 

Low 250-500 

Very low 0-250 

3.4 Very high Marl, Limestone Geology 

High Marl, Silt, Loam 

Moderate Limestone, Marl, Chalk 

Low Chert-Limestone, Sand-

Limestone 

Very low Sandstone,Gravel, 
Dolomite 

2.5 Very high Pastures, Bare Lands LULC 

High Agricultural Lands, 
Wet Mudflat 

Moderate Rocky Lands 

Low Deposits 

Very low Urban Fabric, Forests 

2.5 Very high Other Area Roads (Buffer Zone 
m) High 750-1000 

Moderate 500-750 

Low 250-500 

Very low 0-250 

2 Very high (-334 -300 Elevation (m) 

High 300-600 

Moderate 600-900 

Low 900-1200 

Very low 1200-1580 

2 Very high Other Area Wells (Buffer Zone 
m) High 1500-2000 

Moderate 1000-1500 

Low 500-1000 

Very low 0-500 

100 Sum 

 

 

 

 
 

 

 



39 

International Journal of Geoinformatics, Vol.19, No. 3, March 2023 

ISSN: 1686-6576 (Printed)  |  ISSN  2673-0014 (Online) | © Geoinformatics International 

  
  

  
  

  
  

Figure 2: Classified RWH contributing factors  maps: (a) rainfall intensity (mm), (b) runoff (mm), (c) slope 

(Degree), (d) flood susceptibility weight, (e) soil texture, (f) geology 
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Figure 2: Classified RWH contributing factors  maps: (g) LULC, (h) elevation, 

 (I) rivers, (j) faults, (k) settlement centers, (l) roads 
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Figure 2: Classified RWH contributing factors  maps: (m) wells  
 

 

 

 

 

 

 
 
 

Figure 3: Final RWH suitable map for the study area 

 

 

 

 

 
 

Figure 3: Final RWH suitable map for the study area 
 

Table 5: Distribution of Suitable levels for RWH 
 

Suitable level Area (km2) percentage (%) 

Very High 30.90 1.17 

High 293.22 11.14 

Moderate 840.09 31.91 

Low 1213.46 46.09 

very Low 254.93 9.68 

Sum 2632.6 100 

 

The use of GIS is considered one of the effective 

tools in determining RWH sites as a 

multidimensional natural hazard as it has a spatial 

dimension [44]. This is in addition to its importance 

in supporting the spatial decision through building 

multi-criteria models to determine the areas of 

RWH [45]. A final map of RWH was created for the 

study area to show the spatial distribution of RWH 
sites. Developing RWHs maps are also important to 

notify decision-makers and planners responsible for 

the management and evaluation, of available and 

sustainable water resources in a country like Jordan 

suffering from severe water scarcity (Figure 3). 

Areas with high and very high suitability are about 

11.14% and 1.17%, respectively, while those with 

low and very low suitability represent, respectively, 

about 46.09% and 9.68 % of the total area of the 
study area (Table 5). 
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4. Conclusions  

The application of AHP, integrated into GIS, is one 

of the most important methods for creating suitable 

RWH maps. In fact, assessing and analyzing RWH 

sites in different regions of the world is essential, 

especially where RWHs have economic, social, and 

environmental effects. Rainfall intensity, runoff, 

slope, flood susceptibility, soil texture, geology, 

LULC, elevation, rivers, faults, settlement centers, 
roads, and wells were major factors behind the 

control of the RWHs in the study area. The 

development of suitable RWH sites is designed to 

increase the availability of water resources in 

Jordan. Despite the low of areas with high and very 

high suitable levels for RWH, were about 12.31%, 

and areas with suitable moderate 31.91% of the total 

area, it is still significant in a country suffering of 

water scarcity. Therefore, the study recommends 

expanding RWH projects; this requires the effective 

management of water resources within the 
developed sites and the expansion of water 

harvesting projects in areas of high and very high 

suitable levels of RWH. Finally, the methodology 

used in this study can be considered a useful tool to 

study and propose potential RWH sites, and thus 

avoid flood risks. 

 

Acknowledgment 

Special thanks to the following agencies for their 

assistance with this research, namely, the United 

States Geological Survey (USGS), and the National 
Aeronautics and Space Administration (NASA) for 

providing Landsat-8 images free of cost. Also, we 

would like to thank the department of meteorology 

of Jordan, the ministry of agriculture, and the 

ministry of water and irrigation. 

 

References 

 

[1] Owies, T., (2004). Rainwater Harvesting for 

Alleviating Water Scarcity in the Drier 

Environment of West Asia and North Africa. 

International Workshop on Water Harvesting 
and Sustainable Agriculture, Moscow, Russia. 

[2] Musayev, S., Burgess, E. and Mellor, J., (2018). 

A Global Performance Assessment of Rainwater 

Harvesting under Climate Change. Resour. 

Conserv. Recycl., Vol.132, 62–70. https://doi. 

org/10.1016/j.resconrec.2018.01.023. 

[3] Khorrami, M., Alizadeh, B., Ghasemi, T., 

Shakerian, M., Maghsoudi, Y. and Rahgozar, P., 

(2019). How Groundwater Level Fluctuations 

and Geotechnical Properties Lead to 

Asymmetric Subsidence: A PSInSAR Analysis 
of Land Deformation over a Transit Corridor in 

the Los Angeles Metropolitan Area. Remote 

Sens., Vol. 11. https://doi.org/10.3390/rs1104 

0377. 

[4] Aghlmand, R. and Abbasi, A., (2019). 

Application of MODFLOW with Boundary 

Conditions Analyses Based on Limited 

Available Observations: A Case Study of 

Birjand Plain in East Iran. Water, Vol. 11(9). 

https://doi.org /10.3390/w11091904. 

[5] Tripathi, K. and Pandey, U., (2005).  Study of 
Rainwater Harvesting potential of Zura Village 

of Kuth District of Gujarat. Journal of Human 

Ecology, Vol. 18(1), 63-67. https://doi.org/ 

10.1080/09709274.2005.11905809. 

[6] Munyao, J., (2010). Use of Satellite Products to 

Assess Water Harvesting Potential in Remote 

Areas of Africa: A Case Study of Unguja Island, 

Zanzibar. Master Dissertation. ITC: Faculty of 

Geo-information Science and Earth Observation, 

The Netherlands. https://purl.utwente.nl/ 

essays/92290. 
[7] Kumar, M., Agarwal, A. and Bali, R., (2008), 

Delineation of Potential Sites for Water 

Harvesting Structures Using Remote Sensing 

and GIS. Journal of the Indian Society of Remote 

Sensing, Vol. 36(4), 323-334. https://doi.org/ 

10.1007/s12524-008-0033-z. 

 [8] Tiwari, K., Goyal, R. and Sarkar, A., (2018). 

GIS-based Methodology for Identification of 

Suitable Locations for Rainwater Harvesting 

Structures. Water Resources Management, Vol. 

32, 1811–1825. https://doi.org/10.1007/s11269-
018-1905-9. 

[9] Biazin, B., Sterk, G., Temesgen, M., Abdulkedir, 

A. and Stroosnijder, L., (2012). Rainwater 

Harvesting and Management in Rainfed 

Agricultural Systems in sub-Saharan Africa – A 

review. Physics and Chemistry of the Earth, Vol. 

47–48, 139-151. ht.tps://doi.org/10.1016/J.PCE. 

2011.08.015. 

[10] Jasrotia, A. and Majhi, A., (2009). Water 

Balance Approach for Rainwater Harvesting 

Using Remote Sensing and GIS Techniques. 

Journal of Jammu Himalaya, India, Water 
Resources Manage, Vol. 23(14), 3035-3055. 

https://doi.org/10.1007/s11269-009-9422-5. 

[11] IsIioye, O., Shebe, M., Momoh, U. and Bako, 

C., (2012). A Multi Criteria Decision Support 

System (MDSS) for Identifying Rainwater 

Harvesting Site(s) in Zaria, Kaduna State, 

Nigeria. IJASETR, Vol. 1(1), 53–71. 

 [12] Tamagnone, P., Cea, L., Comino, E. and 

Rosso, M., (2020). Rainwater Harvesting 

Techniques to Face Water Scarcity in African 

Drylands: Hydrological Efficiency Assessment. 
Water, Vol. 12, 1-23. https://doi.org/10.1016/ 

j.pce. 2011.08.015. 

http://dx.doi.org/10.1007/s12524-008-0033-z
https://link.springer.com/journal/11269
https://www.sciencedirect.com/journal/physics-and-chemistry-of-the-earth-parts-a-b-c
https://www.sciencedirect.com/journal/physics-and-chemistry-of-the-earth-parts-a-b-c/vol/47/suppl/C
https://www.sciencedirect.com/journal/physics-and-chemistry-of-the-earth-parts-a-b-c/vol/47/suppl/C


43 

International Journal of Geoinformatics, Vol.19, No. 3, March 2023 

ISSN: 1686-6576 (Printed)  |  ISSN  2673-0014 (Online) | © Geoinformatics International 

[13] Malczewski, J., (2004). GIS-Based Land-Use 

Suitability Analysis: A Critical Review. 

Progress in Planning, Vol. 62, 3–65. https://doi. 

org/10.1016/j.progress.2003.09.002 

[14] Yalcin, A., (2008). GIS Based Landslide 

Susceptibility Mapping Using Analytical 

Hierarchy Process and Bivariate Statistics in 

Ardesen (Turkey): Comparison of Results and 

Confirmation. Catena, Vol. 72,1-12. https://doi. 
org/10.1016/j.catena.2007.01.003. 

[15] Malczewski, J., (1999). GIS and Multi-Criteria 

Decision Analysis. John Wiley and Sons, New 

York.  

[16] Donati, L. and Turrini, M. C., (2002). An 

Objective Method to Rank the Importance of the 

Factors Predisposing to Landslides with the GIS 

Methodology: Application to An Area of the 

Apennines (Valneria; Perugia, Italy). 

Engineering Geology, Vol. 63(3-4), 277–289. 

https://doi.org/10.1016/S0013-7952(01)00087-4. 
[17] Chaudhary, P., Chhetri, S., Joshi, K., Shrestha, 

B. and Kayastha, P., (2016). Application of an 

Analytic Hierarchy Process (AHP in the GIS 

Interface for Suitable Fire Site Selection: A Case 

Study from Kathmandu Metropolitan City, 

Nepal. Socio-Economic Planning Services, Vol. 

53, 60–71. https://doi.org/10.1016/j.seps.2015. 

10.001. 

[18] Aikhuele, D., Souleman, F. and Amir, A., 

(2014). Application of Fuzzy AHP for Ranking 

Critical Success Factors for the Successful 
Implementation of Lean Production Technique. 

Australian Journal of Basic and Applied 

Sciences, Vol. 8 (18), 399-407.  

[19] Prasad, H., Bhalla, P. and Palria, S., (2014). 

Site Suitability Analysis of Water Harvesting 

Structures Using Remote Sensing and GIS-A 

Case Study of Pisangan Watershed, Ajmer 

District, Rajasthan. The International Archives 

of Photogrammetry, Remote Sensing and Spatial 

Information Sciences, Vol. 40(8), 1471-2014. 

https://doi.org/10.5194/isprsarchives-XL-8-147 

1-2014. 
[20] Wu, R., Molina, L. and Hussain, F., (2018). 

Optimal Sites Identification for Rainwater 

Harvesting in Northeastern Guatemala by 

Analytical Hierarchy Process. Water Resources 

Management, Vol. 32(12), 4139–4153. https:// 

doi. org/10. 1007/  s11269-018-2050-1. 

[21] Ozkan, S. and Tarhan, C., (2016). Detection of 

Flood Hazard in Urban Areas Using GIS, Izmir 

Case. Procedia Technology, Vol. 22, 373-381. 

https://doi.org/10.1016/j.protcy.2016.01.026 

 
 

 

[22] Aher, P. D., Adinarayan, J. and Gorantiwar, S. 

D., (2013). Prioritization of Watershed Using 

Multi Criteria Evaluation through Fuzzy 

Analytical Hierarchy Process. Agricultural 

Engineering International: The CIGR e-journal, 

Vol.15(1),11–18.  

[23] Al Raisi, S., Sulaiman, H., Abdallah, O. and 

Suliman, F., (2014). Landfill Suitable Analysis 

Using AHP Method and State of Heavy Metals 
Pollution in Selected Landfills in Oman. 

European Scientific Journal, Vol.10(17), 309-

326. https://doi.org/10.19044/esj.2014.v10n17 

p% 25p 

[24] Pistocchi, A., Luzi, L. and Napolitano, P., 

(2002). The Use of Predictive Modeling 

Techniques for Optimal Exploitation of Spatial 

Databases: A Case Study in Landslide Hazard 

Mapping with Expert System-Like Methods. 

Environ. Geol., Vol. 41,765–775. https://doi.org/ 

10.1007/s002540100440 
[25] Estimation of Water Harvesting Potential for A 

Semi-Arid Area Using GIS and Remote Sensing 

for Design and Operation of Water Resources 

System. Proc International Symposium, Rabat, 

Morocco, Vol. 242, 53-62. https://doi.org/ 

10.4236/ars.2017.61007. 

[26] Hutchinson, M., (1998). Interpolation of 

Rainfall Data with Thin Plate Smoothing 

Splines - Part Ii: Analysis of Topographic 

Dependence. Journal of Geographic 

Information and Decision Analysis, Vol. 
2(2),152–167. 

[27] Malczewski, J., (2006), GIS-Based 

Multicriteria Decision Analysis: A Survey of the 

Literature. International Journal of 

Geographical Information Science, Vol. 20(7), 

703-726. https://doi.org/10.1080/136588106006 

61508. 

[28] United States Department of Agriculture 

(USDA), (2004). Hydrologic Soil-Cover 

Complexes, Natural Resources Conservation 

Service, Chapter 9, Part 630 Hydrology. 

National Engineering Handbook, USA.  
[29]  Al-Sababhah, N., (2020). Runoff Estimation 

by Using the (SCS-CN) Method with GIS and 

RS for Wadi Shuieb Watershed. Association of 

Arab Universities Journal for Arts, Vol. 1(19), 

191-218.  

[30] Saaty, T., (1984). The Analytic Hierarchy 

Process: Decision Making in Complex 

Environments. Quantitative Assessment in Arms 

Control, 285-308. https://doi.org/10.1007/978-1-

4613-2805-6_12. 

 
 

 

https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJacek+Malczewski
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJacek+Malczewski
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJacek+Malczewski
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
file:///C:/Users/yu/AppData/Roaming/Microsoft/Word/Chaudhary,%20P.,%20Chhetri,%20S.,%20Joshi,%20K.,%20Shrestha,%20B.,%20and%20Kayastha,%20P%20.,2016,%20%20Application%20of%20an%20Analytic%20Hierarchy%20Process%20(AHP%20in%20the%20GIS%20interface%20for%20suitable%20fire%20site%20selection:%20A%20case%20study%20from%20Kathmandu%20Metropolitan%20City,%20Nepal,%22%20Socio-Economic%20Planning%20Services,53,60%20–71.
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
http://ajbasweb.com/old/ajbas/2014/December/399-407.pdf
https://doi.org/10.1016/j.protcy.2016.01.026
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12


44 

International Journal of Geoinformatics, Vol.19, No. 3, March 2023 

ISSN: 1686-6576 (Printed)  |  ISSN  2673-0014 (Online) | © Geoinformatics International 

[31] Tairi, A., Elmouden, A. and Aboulouafa, M., 

(2013). Soil Erosion Risk Mapping Using the 

Analytical Hierarchy Process (AHP) and 

GeographicInformation System in the Tifnout-

Askaoun Watershed, Southern Morocco. 

European Scientific Journal, Vol. 15(30), 338-

356. https://doi.org/10.19044/esj.2019.v15-

n30p338. 

[32]  Al-Sababhah, N., (2019). Assessment of Flood 
Vulnerability in Arid Basins from a 

Geomorphological Prospective (Wadi Musa in 

Southern Jordan: Case Study). Journal of the 

Faculty of Arts (JFA), Vol. 78(7), 268-296. 

[33] Stewart, T. and Scott L.,1995, A Scenario-

Based Framework for Multi-Criteria Decision 

Analysis in Water Resources Planning. Water 

Resources Research, Vol. 31(11), 2835–2843. 

https://doi. org/10.1029/95WR01901. 

[34] Joubert, A., Leiman, A., de Klerk H., Katu S. 

and Aggenbach, J., (1997). Fynbos (Fine Bush) 
Vegetation and The Supply of Water: A 

Comparison of Multi-Criteria Decision Analysis. 

Ecological Economics, Vol. 22(2),123–140. 

https://doi.org/10.1016/S0921-8009(97)00573-9. 

[35] Ayalew, L. and Yamagishi, H., (2005). The 

Application of GIS-Based Logistic Regression 

for Landslide Susceptibility Mapping in the 

Kakuda–Yahiko Mountains, Central Japan. 

Geomorphology, Vol. 65(2), 15–31. https://doi. 

org/10.1016/j.geomorph.2004.06.010. 

[36] Kourgialas, N. and Karatzas, G., (2011), Flood 
Management and a GIS Modeling Method to 

Assess Flood-Hazard Areas: A Case Study. 

Hydrological Sciences Journal, Vol. 56(2), 212–

225. https://doi.org/10.1080/02626667.2011.55 

5836. 

[37] Al-Sababhah, N., (2022). Development of 

Landslide Susceptibility Mapping Using GIS 

Modeling in Jordan's Northern Highlands. 

Environment and Ecology Research, Vol. 10(6), 

701-727. https://doi.org/10.13189/eer.2022.100 

607. 

[38] Saaty, T., (1977). A Scaling Method for 
Priorities in Hierarchical Structures. Journal of 

Mathematical Psychology, Vol. 15, 234-281.  

 [39] Chen, Ch .,2006, Applying the analytical 

hierarchy process (AHP) approach to convention 

site selection. Journal of Travel Research, Vol. 

45(2),167 – 174. https://doi.org/10.1177/004728 

7506291593. 

[40] Saaty, T.,1980, The Analytic Hierarchy 

Process. McGraw-Hill, New York 

 

 
 

 

[41] Bunruamkaew, K. and Murayama, Y., 2011, 

Site Suitability Evaluation for Ecotourism Using 

GIS & AHP: A Case Study of Surat Thani 

Province, Thailand. Procedia - Social and 

Behavioral Sciences, Vol. 21, 269-278. http://dx. 

doi.org/10.1016/j.sbspro.2011.07.024. 

[42] Andualem, T., Hagos, Y., Kefale, A. and 

Zelalem, B., 2020, Soil Erosion‑Prone Area 

Identification Using Multi‑Criteria Decision 
Analysis in Ethiopian Highlands. Modeling 

Earth Systems and Environment, Vol. 6, 1407–

1418. https://doi.org/10.1007/s40808-02000757-

2. 

[43] Saaty, R., (2016). Decision Making in Complex 

Environments: The Analytic Network Process 

(ANP) for Dependence and Feedback. Katz 

Graduate School of Business University of 

Pittsburg, Vol. 1,1-4. 

[44] De Winnaar, G., Jewitt, G. and Haron, M., 

2007, A GIS-Based Approach for Identifying 
Potential Runoff Harvesting Sites in the Thukela 

River Basin (South Africa). Physics and 

Chemistry of the Earth, Part A/B/C, Vol. 32(15-

18),1058-1067. https://doi.org/10.1016/j.pce.20 

07.07.009. 

 [45] Al-Adamat, R., Diabat, A. and Shatnawi, G. 

H., 2010, Combining GIS with Multi-Criteria 

Decision Making for Sitting Water Harvesting 

Ponds in Northern Jordan. Journal of Arid 

Environments, Vol.74, 1471-1477. 

https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://link.springer.com/chapter/10.1007/978-1-4613-2805-6_12
https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
https://www.tandfonline.com/doi/full/10.1080/02626667.2011.555836
http://www.superdecisions.creativedecisions.net/sd_resources/Paper_ScalingMethod.pdf
http://www.superdecisions.creativedecisions.net/sd_resources/Paper_ScalingMethod.pdf
http://www.superdecisions.creativedecisions.net/sd_resources/Paper_ScalingMethod.pdf
https://www.researchgate.net/journal/Procedia-Social-and-Behavioral-Sciences-1877-0428
https://www.researchgate.net/journal/Procedia-Social-and-Behavioral-Sciences-1877-0428

