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ABSTRACT
Runoff due to seasonal rainstorms has affected several areas in Kuwait. The target in this paper is to identify
the existence of sites suitable to accommodate rainwater runoff basins and quantitatively assess their suitability.
An approach based on the integration of the Analytical Hierarchy Process (AHP) method and the Geographical
Information System (GIS) framework was used to develop a Site Suitability Index (SSI) model. The SSI model
was structured using two stages of analysis. First stage was the elimination of unsuitable sites to accommodate
rainwater runoff basins by the application of five constraints. Remaining sites are then processed in the second
stage, where five different criteria that largely influence the selection process were applied to rank them
numerically. The criteria selected were: rainfall, slope, soil type, distance to wadis (dry rivers) and distance to
aquifer fields. The SSI model generated a map with scores based on the following site categories: (0-1):
undesirable, (1-2): poor suitability, (2-3): good suitability and (3-4): excellent suitability. The results of SSI
model showed that most of the areas of Kuwait are classified as undesirable sites, except for the two areas: Jal
Alzor heights and the area close to the northwest borders between Kuwait and the Kingdom of Saudi Arabia
(KSA). The outcome of SSI model was tested on three basins at Jal Alzor heights that were identified both
visually and by GIS tools. Their numerical assessment ranged between 2.566 and 2.621, indicating good
suitability of rainwater runoff.
KEYWORDS: Rainwater runoff basin, GIS, Analytical hierarchy process, Site suitability index.

(Al-Sanad and Shaqour, 1990). However, there are
periods during which high intensity seasonal rainfall far
exceeds evaporation, resulting in the formation of water
runoff in wadis which in extreme occasions caused
severe flooding. Al-Senafy and Al-Fahad (2003)
documented these periods, in 1934 and 1954, between
1993-1994 and between 1997-1998, when rainfall
exceeded evaporation leading to destruction of homes
and properties and loss of lives. A particular site, Jal
Alzor heights, Kuwait, experienced several occasions of
seasonal accumulation of rainwater runoff (Figure 1)
that caused damage to the facilities of nearby Kazma

INTRODUCTION
Water is an important element in human life. Ud Din
et al. (2007) described scarcity of water in arid lands in
the Middle East to be one of the issues causing the most
serious conflicts. Kuwait is characterized as an arid land
due to scarcity of rainwater coupled with hot
temperatures of the environment, where the rate of
evaporation exceeds the rate of precipitation by 30:1
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National Guard Camp (KNGC). Several researchers
have performed studies on delineation of drainage
basins and flash flood hazards (El-Rakaiby, 1989;
Hassaan, 1997; El-Fakharany, 1998). Geographic
Information Systems (GIS) provided the opportunity to
investigate large areas time efficiently (El-Behiry et al.,
2006).

Figure (2): Satellite image of Kazma National
Guard Camp (KNGC) showing Jal Alzor heights

Figure (1): Rainwater runoff near KNGC

GIS approach provides a framework for collecting,
analyzing and displaying the spatial data necessary to
locate and identify sites that are potential water runoff
basins (Al-Adamat et al., 2012). Multi-Criteria
Evaluation (MCE) in GIS is concerned with the
assessment of suitability of sites to a specific objective
based on a variety of attributes that the selected areas
should possess (Eastman, 1999). In the assessment of
rainwater runoff utilization, MCE in GIS has been used
by (Fedeski and Gwilliam, 2007; Chen et al., 2009;
Sekar and Randhir, 2007; Al-Adamat et al., 2010;
Fernandez and Luts, 2010; Al-Adamat et al., 2012). A
study was initiated with the objectives to investigate the
existence of rainwater runoff basins and quantitatively
assess their suitability at Kazma Camp in particular and
in Kuwait in general. The mechanism involved lies in
using the integration of the application of GIS with the
aid of MCE techniques.

Figure (3): Aerial view looking east to Jal Alzor
escarpment from above Subiya road
STUDY AREA
Kuwait lies in the northwestern region of the Arabian
Gulf. The study area, Jal Alzor heights, is located at the
northern coast of Kuwait Bay, particularly close to
KNGC, as shown in Figure 2. Jal Alzor contains a series
of low hills and shallow depressions as shown in Figure
3. The highest point of the ridge is 145 meters above sea
level. Kazma National Guard Camp, which is built at the
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footsteps of these hills, has been facing the flooding of
rainwater during seasons of heavy rain due to the
accumulation of water in the basins between Jal Alzor
heights and the Camp.
Topographic Field Survey
Visual reconnaissance survey of the study area
documented the existence of several basins, among
which three major basins were identified that have
caused the accumulation of rainwater runoffs during
flooding seasons. A topographic field survey was
carried out at Jal Alzor heights. Figure 4 shows the
general layout of the site area with the topographic
contour lines. The three basins identified on the contour
map match those identified by the visual survey.

Figure (4): General layout of Kazma Site Area, at
Jal Alzor, Subiya, showing the three basins

Methodology of Site Suitability Index (SSI) Model
Site Suitability Index (SSI) model was developed in
this study with the purpose to delineate and identify sites
with rainwater runoff basins and quantitatively assess
their suitability. The flow chart structure of SSI model
is shown in Figure 5. The procedure starts with the
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generated digital maps in GIS format of constrains and
criteria that were selected for the study area. All factors
were carefully investigated and selected based on
previous studies in the same arid region, as well as on
the experiences of authors. Further related information
about criteria and constrains was obtained from the
Meteorological Department at Kuwait International
Airport, Kuwait Municipality and the Ministry of
Electricity and Water (MEW). In the preliminary stage,
ArcGIS 10.3 was used for analysis of criteria and
constrains to generate map layers for each. ArcGIS
tools, such as reclassification, buffering, raster
calculator, kriging interpolation and overlay were used
in the analysis process for the purpose to set all criteria
and constrains as input GIS map layers. To generate Site
Suitability Index (SSI) model within GIS framework,
two sequenced stages were developed. First stage is
eliminating unsuitable sites based on five constrains. As
a result, zero map layer was created which included all
sites with no potentiality of existence of rainwater runoff
basins. Remaining sites not included in the zero map are
considered candidates to accommodate rainwater runoff
basins. Those remaining sites resulting from the first
stage underwent further analysis in the second stage
(sub-stages 2a, 2b, 2c and 2d) by the use of the
Analytical Hierarchy Process (AHP), a multi-criteria
decision method developed by Saaty (1980), in order to
quantitatively assess their suitability to accommodate
rainwater runoff basins.
Stage (1): Eliminating Unsuitable Sites (Zero Map)
in SSI Model
To achieve the objective of eliminating the
unsuitable sites of basins in stage 1 in SSI model, five
constraints have been defined and assigned zero score,
which in case that they individually or collectively exist,
no rainwater runoff basins exist at the site. These
constraints are shown in Figure 5. Buffering tool was
used to generate a buffer for urban areas (5 km), for main
roads (50 m at both sides) and for protected areas (50m).
Rainfall data for ten years (2004-2014) was interpolated
with extending of Kuwait by the kriging tool in ArcGIS.
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Weights of Criteria in AHP Method

A site having a value of 0 mm rainfall has been
reclassified as zero score. A slope map that resulted from
digital elevation model (DEM) has been reclassified as
percentage slopes of Kuwait topography. All 5 constrain
map layers are summed using the raster calculator tool
to provide a one-layer map, called zero map.

In this study, pairwise comparison in AHP was used
to find the weight for each of the five criteria in the
second stage. Based on the proposed nine points of Saaty
scale, a comparison is made between any pair of criteria
based on their relative importance to each other. A
numerical value that ranges between a minimum of 1
and a maximum of 9; 1 being equal importance and 9
being absolute importance, is assigned to one criterion
of the pair. The other criterion of the pair receives the
reciprocal value (Table 1). This step is repeated for all
criteria and the Relative Importance Weights (RIW) are
tabulated in a pairwise matrix (Table 2). The Target
Weight (TW) for each criterion, defined by Saaty (2000)
as the Eigen Vector, was then calculated by dividing
each RIW value in the pairwise matrix by the sum of the
RIW values of its column. Results of this operation
made up the cells in columns 2-6 in Table 3. Then,
Target Weight (TW) for each criterion, last column in
Table 3, is determined by averaging the values in each
row in the matrix.

Stage (2): Analytical Hierarchy Process (AHP) in SSI
Model
In stage 2 (sub-stage 2a), five criteria were defined
that largely influence the numerical assessment process;
i.e., rainfall, slope, soil type, distance to wadis (dry
rivers) and distance to aquifer fields. AHP method was
then used in sub-stage 2b to determine the relative
importance weight of each criterion and its sub-criteria.
Weight of each criterion was determined by pairwise
comparison in AHP method. Next, each criterion was
further classified into one of four classes (sub-criteria)
based on a rating system called Weighted Linear
Combination (WLC). Sub-stage 2c includes the criteria
used for ranking the sites’ potentiality to accommodate
rainwater runoff basins. Finally, sub-stage 2d includes
the calculation method used to find the Site Suitability
Index (SSI) score.
The hierarchy process of AHP in SSI model is shown
in Figure 6 with all the criteria and sub-criteria taken into
consideration. AHP of the SSI model decomposition
structure is in the form of a tree with three levels. The
uppermost level, first level, is the target, which is
assessing suitability of sites to accommodate rainwater
runoff basins. The next level, second level, includes the
outcome of the zero map that was produced by the list
of constraints representing stage 1 of the SSI model and
the compromising criteria that have a large influence on
the ranking process of remaining sites, representing substages 2a, 2b and 2c of the SSI model. The third level
compromises 1) the description of constrains that were
used as filtering to provide the alternative sites for
rainwater runoff basins and 2) the sub-criteria that have
high influence on quantitatively assessing the suitability
of the sites that were filtered out in stage 1.

Weights of Sub-Criteria in Weighted Linear
Combination (WLC)
In the third level of the SSI model structure (Figure
6), Weighted Linear Combination (WLC) was used as a
rating system to define the sites' scoring system
(Malczewski, 1999; Al-Shabeeb, 2015). The sub-criteria
in the third level are classified with a numerical scoring
system, where 1 is least suitable, 2 is less suitable, 3 is
moderately suitable and 4 is most suitable. These
classifications of sub-criteria were developed from
several sources in the literature (Basagaoglu et al., 1997;
Karnieli et al., 1988; Lunkapis and Ahmad, 2002; De
Winnaar et al., 2007; Jain and Subbaiah, 2007; Chandio
et al., 2011; Saeed et al., 2012; Kirimi and Waithaka,
2014).
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the target weight (TW) of the primary criteria in level 2,
Table 3, by the associated scoring of the sub-criteria in
the third level using Equation (1) as follows (Chandio
et al., 2011):
SSI= ∑
∗
(1)
where:
wi= target weight of the primary criteria (second level).
vi= weight of the sub-criteria, scoring system (Third
Level).
n= total number of parameters (five in this study).
Calculation of Consistency Ratio (CR)
A final check is performed by calculating the
Consistency Ratio (CR), which must be ≤ 0.1, otherwise
the relative importance weighting must be repeated
(Saaty, 1980).
To find the Consistency Ratio, a Consistency Vector
is calculated by multiplying the Target Weight (TW) for
each criterion, last column in Table 3, by the
corresponding Relative Importance Weight (RIW) of
each criterion listed in Table 2. The sum is then divided
by the TW for the criteria. The consistency index is
calculated using Equation 2 as follows:
CI =

(2)

where λ, maximum lambda, is the average of the
consistency vector values, equal to 5.337, and n is
the number of criteria selected, in this case 5. This
results in a value of CI equal to 0.84.
The random index (RI), derived from Saaty (1980),
which depends on the number of elements being
compared, and in this case is equal to 1.12. The
Consistency Ratio (CR) for this set of criteria is
calculated using Equation 3 as follows:

CR 

Figure (5): Structure procedure of SSI model
Site Suitability Index Score
Site Suitability Index (SSI) is based on multiplying
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CI
RI

(3)

CR is calculated and has a value of 0.08, which
satisfies the condition to be below 0.1.
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Table 1. 9-point scale of relative importance weight (RIW) (Saaty, 1980)
Intensity

Reciprocal
(Decimal)

1

1 (1)

Equal Importance

Two activities contribute equally to the objective

3

1/3 (0.333)

Weak Importance

5

1/5 (0.2)

Strong Importance

7

1/7 (0.143)

Demonstrated Importance

Judgment slightly favors one activity over
another
Judgment strongly favors one activity over
another
Dominance demonstrated in practice

9

1/9 (0.111)

Absolute Importance

2,4,6,8

½, ¼, 1/6, 1/8
(0.5,0.250, 0.167,
0.125)

Definition

Explanation

Intermediate values between
the two adjacent judgments

The evidence favoring one activity over another
is of highest possible order of affirmation
When compromise is needed

Table 2. Relative importance weight (RIW) for pairwise comparison matrix

Rainfall
Slope
Soil
Wadis
Aquifers
∑

Rainfall

Slope

Soil

Wadis

Aquifers

1.0
5.0
1.0
0.5
0.5
8.00

0.2
1.0
0.5
0.1
0.3
2.18

1.0
2.0
1.0
1.0
0.3
5.33

2.0
7.0
1.0
1.0
0.5
11.50

2.0
3.0
3.0
2.0
1.0
11.00

Table 3. AHP process to find the target weights (TW) for criteria

Rainfall
Slope
Soil
Wadis
Aquifers

Rainfall

Slope

Soil

Wadis

Aquifers

Target Weight

0.13
0.63
0.13
0.06
0.06

0.09
0.46
0.23
0.07
0.15

0.19
0.38
0.19
0.19
0.06

0.17
0.61
0.09
0.09
0.04

0.18
0.27
0.27
0.18
0.09

0.15
0.47
0.18
0.12
0.08
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Figure (6): AHP decomposition structure
Results of SSI Model
The results of the SSI model analysis were applied to the
entire area of Kuwait, with particular attention to the
study area of Jal Alzor heights. This particular
methodology was used to allow the comparison with
results of qualitative suitability assessment published by
(KISR, 2000).
Five raster layers, (Figure 7: a-e), were created in
ArcGIS with four different numerical values (1, 2, 3, 4).
Zero score map was applied to exclude the unsuitable
sites. The raster layers were then overlain by the overlay
tool to find the site suitability to accommodate rainwater
runoff basins. The site suitability index should range
between the minimum of 0 indicating that the site is
unsuitable and the maximum of 4 indicating that the site
is most suitable.
The model of SSI generated a map with scores with
the following categories: (0-1) for undesirable sites, (12) for poor suitability, (2-3) for good suitability and (34) for excellent suitability. Figure 8 shows the suitability
analysis for the entire areas of Kuwait. The results show
that most of the areas of Kuwait are ranked with
undesirable suitability to accommodate rainwater runoff
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basins, except for the area along the north costal lines of
Kuwait Bay, which includes the study area of Jal Alzor
heights and the area close to the northwestern borders
between Kuwait and the Kingdom of Saudi Arabia
(KSA). Results compare well with the qualitative
assessment produced by KISR (2000), Figure 9, which
assigns a level of "strong" suitability for surface water
runoff basins to Jal Alzor heights in general. Figure 10
shows the detailed Site Suitability Index (SSI) values for
the study area, which ranged between good (2-3) and
excellent (3-4).

Figure (7 a): Rainfall intensity
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Figure (7 e): Distance to aquifer fields

Figure (7 b): slope

Figure (7 c): Soil type

Figure (8): Site suitability index for Kuwait

Figure (7 d): Distance to wadis

Figure (9): Suitability map for Kuwait (KISR, 2000)
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Figure (10): Site suitability index for the study area

each cell using the value and distance of nearby points
(ESRI Inc., 2010). The collected and interpolated data
were used to generate a Digital Elevation Model (DEM)
of the study area, as shown in Figure 11. Using the
generated DEM as input, the hydrology modeling tools
available in ArcGIS were used to delineate water surface
runoff basins in the study area. Three major basins,
varying in areas, were delineated between Jal Alzor
heights and the KNGC. Figure 12 shows the study area
basins with the stream links and the project site image
superimposed on the study area basins. The location and
orientation of each basin were determined using a
reference system grid. The area of each basin was
determined using the number of pixels enclosed in each
basin and the cell size. The areas of the 3 basins are as
follows: basin 1: 219,832m2, basin 2: 62,654m2 and
basin 3: 102,575m2. The data were further analyzed
using the contour tool to extract lines of constant value
(isolines) from the raster surface (Figure 13). The slope
tool was then used to calculate the maximum rate of
change from a cell to its neighbors, which is typically
used to indicate the steepness of a terrain (Figure 14).

Figure (11): Study area’s digital elevation model
Delineating Basins Using GIS
The hydrology tools and functions available in the
ArcMap software (ESRI Inc., 2010) were utilized to
model the flow of water across the surface and thus
delineate the basins in the study area at Jal Alzor heights.
A digital topographic map of the study area was
collected to be used in the analysis. The digital
topographical map included longitude, latitude and
elevation data. These data were interpolated using an
Inverse Distance Weighted (IDW) interpolation; an
interpolation method that estimates surface values for
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B3
B1

B2

Figure (12): Study area’s basins and
associated stream link rasters
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Figure (13): Study area’s contours and elevations (in meters)

Figure (14): Study area’s slope (in degrees)
Table 4. Numerical calculation of SSI for basins at Jal Alzor area
Sub-criteria score within the
wi*vi
basin
by zonal statistical tool
Criteria
Basin (1) Basin (2) Basin (3) Basin (1) Basin (2)
Rainfall (w1 = 15 %)

1.742

1.714

1.846

0.261

Slope (w1 = 47% )
Soil (w1 = 18 % )
Distance to wadis (w1 =12 % )
Distance to aquifers (w1 =8%)
Site Suitability Index (SSI) = ∑
Ranking of site suitability:

3.064
2.442
3.417
0.871
∗

2.925
2.540
3.403
0.857

2.867
2.470
3.567
0.923

1.440
1.375
1.347
0.440
0.457
0.445
0.410
0.408
0.428
0.070
0.069
0.074
2.621
2.566
2.571
(Good Suitability)
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0.257

Basin (3)
0.277
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Analysis of SSI Model of Study Area
Detailed analysis for the study area of Jal Alzor
heights, Figure 10, indicates that the suitability for
rainwater runoff basins selected by ArcGIS ranged
between good (2-3) and excellent (3-4). Integration of
GIS and AHP was used to provide a unique numerical
value for each criterion (Figure 7: a-e). Combined with
the zonal statistical tool available in ArcGIS, an average
value of sub-criteria score (between 1 and 4) over the
selected basin zone was calculated and the values are
listed in Table 4. The zonal statistical tool calculates the
statistical value of a raster within a specific zone of a
dataset (ESRI Inc., 2010). Table 4 shows the calculation
of SSI for each basin as determined by Equation 1. The
SSI calculation resulted in a value of 2.621 for basin 1,
2.566 for basin 2 and 2.571 for basin 3, which are all
expressed as sites with good suitability.

northwestern borders between Kuwait and the Kingdom
of Saudi Arabia (KSA).
Application of ArcGIS resulted in the identification
of the existence of three major basins in the area between
Jal Alzor heights and the KNGC, extending along the
northwest-southeast axis. Analysis by SSI model, which
is the integration of AHP and GIS, indicated that the
suitability of the study to accommodate rainwater runoff
basins selected by the ArcGIS ranged between good and
excellent. The Site Suitability Index (SSI) model
calculated a value of 2.621 for basin 1, a value of 2.566
for basin 2 and a value of 2.571 for basin 3, which are
all ranked as sites with "good" suitability.
The results presented in this study are found to be
major roots for facility managers and planners in
assessing the existence and potentiality of rainwater
runoff basins in Kuwait and their further utilization.

CONCLUSIONS
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Application of GIS tools combined with multicriteria evaluation (MCE); namely the analytical
hierarchy process (AHP), proved to be very valuable in
assessing rainwater runoff basins’ characteristics. The
results indicated that most of the areas in Kuwait are
ranked with unfavorable suitability to accommodate
runoff water basins except for the areas along the north
costal lines of Kuwait Bay, which include the study area
of Jal Alzor heights and the area close to the
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