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Abstract: Many countries, which are located near mountainous areas, are exposed to the risks of floods, which cause many losses of lives and 
properties. Jeddah province had been subjected to a number of floods, the most serious was during the last ten years. This flood was what happened in 
November 2009, which caused great losses in lives, properties, and public utilities. In addition, it was repeated again in January 2011 with many 
damaged too. This research as preliminary investigation studies, aims to find a solution to the quick selecting of dam's location to avoid the impact of 
damage floods. The spatial analyst (tools in ArcGIS) and GeoEye satellite imagery were used with the DEM derived from LiDAR data to obtain the quick 
solution for selected of a suitable location of the dams. Three dams are selected to overcome this issue of torrential flooding in the chosen study area 
east of Jeddah (Wadi QAWS), which is one of the areas affected by floods in the periods mentioned before. In this context, there are recommendations 
for a necessity of supporting the selected locations with other required studies, such as collecting geological, geotechnical, and geophysical data to 
complete this work. The obtained results indicate that a careful selection of the dam's location based on the accuracy of the DEM with spatial analysis of 
GIS saves time and cost for all other studies such as geological, geotechnical, geophysical, and field surveys, focusing on specific areas and not 
spending effort and time in useless locations. 
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1. INTRODUCTION 
The studying of hydrological and environmental risks in 
several wadies in western KSA, specially Jeddah region, for 
the purpose of reduction and prediction concerning risks 
through the remote sensing images and GIS techniques 
utilization for finding a solution for this issue [1], [2]. In this 
research work, the study will concentrate on Wadi QAWS area 
that is distinguished by different geological and climatological 
features [3]. In general, the eastern Red Sea coast is 
characterized by unconsolidated landforms, rapid population 
growth, and urbanization in major cities in KSA, such as 
Jeddah, and numerous villages scattered around [4]. This area 
contains important man-made structures, including 
desalination plants, oil refineries and factories, in addition to 
major highways. The main objectives of this research work are 
to select the locations of the dams by estimating rainfall and 
flood prediction through different return periods, and to 
delineate, map different risk phenomena, and get a solution by 
choosing the optimum location of the dams by using Remote 
Sensing (R.S) and (GIS) techniques with an accurate DEM 
[5],[6]. Jeddah governorate is located within an independent 
water basin with an area of 1760 km2, in the western region 
between latitudes 21° 15' N and 22° 00' N, and between 
longitudes 39° 00' E and 39° 30' E. From the north of this 
basin is the outlet of Wadi ASFAN, to the south by Wadi 
Fatima, while it is bordered to the east by mountain ridges and 
the west by the Red Sea [7]. The elevation ranges from zero 
on the seacoast and reaches 500 m in the mountains hill’s 

east of the basin. The main water basin of Jeddah 
Governorate is divided into three main sections, as shown in 
figure (1a and b), which are:  
1) The northern sub-basin, with an area of 675 km2 and water 

flowing into it to Wadi Al-KARAA (SHARM OBHUR). 
2) The middle sub-basin, covering 650 km2 and flowing water 

into it at the Qasr AL SALAM Lake.  
3) The southern sub-basin, covering an area of 435 km2 and 

flooding water into the ALARBEYN Lake. 
 

 
 

Fig. 1a: Water Drainage Basins and their relationship with the 
Jeddah city Location [8]. 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

———————————————— 
 Correspondence Author A. M. Abdel-Wahab *, Civil Engineering 

Department, National Research Centre, Egypt (NRC).  
    PH- 00201114055344.  Email: abdwhab@gmail.com 

  Co-Author M.A. Rashwan, Researcher, Geological Sciences 
Department, National Research Centre, Egypt.), PH- 00201018162030. 

    Email: rashwan.abuzaid@yahoo.com 

 
 
 

mailto:abdwhab@gmail.com
mailto:rashwan.abuzaid@yahoo.com


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 09, SEPTEMBER 2020       ISSN 2277-8616 

314 
IJSTR©2020 
www.ijstr.org 

                  

                       
Fig. 1b: Jeddah sub-basins of Jeddah. [9]. 

 

2 STUDY AREA 
Wadi QAWS is located within the southern sub-basin, which 
empties into the forty lake and it has an area of 63.7 km2. The 
current part to be studied is located to the east of the 
stalagmites Figure (2). The water basin of Wadi QAWS was 
exposed to a rainstorm on 11/25/2009 corresponding to 
12/12/1430 AH, which led to the eruption of torrential damages 
that extended to humans, animals, public, and private properties 
[10]. In addition, there is a major damage to some 
infrastructures and features which are illustrated in figure (3 and 
4) [8], [11]. 

 

 
Fig. 2: The location of the study area (Wadi QAWS Basin 

until the beginning of the SWAAID zone). 
 

 
Fig. 3: Showing the destruction District in Jeddah near from 

Wadi QAWS area [12]. 
 

 

 
The Wadi QAWS is distinguished by having three different 
areas, as shown in Figure (5), which are the collection area, the  

straits area, and destruction area. Where there are high areas 
that were affected by large amounts of rain, and after the 
collection operations, the flood was moved, creating some 
destruction in many regions, then the flood was passed through 
the straits area, where the width of the valley ranges from 100 to 
150 meters. So, the narrow area of the waterway, and the 
curving in some areas caused an increasing in the gathering of 
flood. Also, it increases the speed of water due to inclination. 
After leaving the straits region, the amount of torrents is very 
huge, which resulted in massive destruction and heavy losses in 
the area facing the torrents, which was called the area of severe 
destruction and included THE  QUWAIZAH district, FARAJ AL-
MASAAD neighborhood, the highway, and KING ABDULAZIZ 
University as illustrated before in figures # and 4) [4]. 

 

 
Fig. 5: Illustrate the main three area of Wadi QAWS 

 

3 THE USED DATA 
This research aims to find the solutions to reduce flood 
disasters which comes to the Wadi QAWS region by choosing 
the most appropriate places to construct a number of dams and 
drainage canals.  By using the DEM from Lidar data and using 
the Spatial Analyst Tools in ArcGIS the producing Stream and 
contour lines can be drawn. Also, the longitudinal and 
transverse sectors were produced to determine the most 
suitable location for dams, as shown in figure (6 to 8). 

 
3.1 SPATIAL ANALYST  
The spatial analyst in ArcGIS has many functions can be used for 
3D analysis, such as producing a contour layer and many other 
layers of DEM data [13]. 
 

  

                    
   Fig. 4: The destruction that occurred as a result of the 
flood in private and public properties and infrastructure 
[12]. 
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Fig. 6: Illustrate Spatial Analyst Tools in ArcGIS  

and contour lines for study area 
 

 
Fig. 7: Topographic map and main Streams of Wadi QAWS 
 

 
Fig. 8: DEM and Main Streams of Wadi QAWS 

 
Study all the natural phenomena that affect the region, is a very 
important procedure beside topographic, geological and 
geomorphological phenomena, using the latest technologies to 
define the basins and surface drainage networks of the valleys 
[14]. Investigating using satellite imagery, DEM and topographic 
maps of the study area, determining the topographical 
characteristics of the study area (Figures 6, 7, and 8), it was 
clear the following: - 
1. Wadi QAWS streams in the far east of a mountainous area 

with a height of about 440 meters from the sea level, until it 
reaches a level of 75 meters at lowest area. 

2. The basin is characterized by an area of 63. 7 km2 and a 
length of 16.9 km, and its slope is about 4%, noting that the 
calculations are estimated for the basin until lowest area. 

3. Wadi QAWS extends from east to west, and it takes a 
rectangular shape, with an average basin width of about 5 
km. 

4. The various streams are converging on the narrow region, 
which starts from the beginning of the Al-Harazat area from 
the Jeddah side, to the region of the SWAAID zone, forming a 
stream of one valley with an average width of 100 meters. 

5. The path of the valley bends several times, between the 
heights that surround it from both sides of the strait. 

6. As for the streams in the assembly area, they are 
characterized by the presence of four main streams, as in the 
form (7, and 8). Two from the east to the west in the eastern 
part of the valley, and a third stream to the north-east is added 
to them, before the Al-Harazat region from the east, then a 
fourth stream from the north to the north-east to the west of 
the Al-Harazat region. 

 
3.2 ANALYZING THE METEOROLOGICAL DATA AND CALCULATING 

FLOOD 
The average rainfall in the KSA (excluding the Rub Al-Khali 
desert) is 110 mm / year, and the south - western region is 
characterized by the abundance of its rains, compared to the 
rest of the Kingdom, where the average rainfall is more than 400 
mm / year in some locations as in the mountains FIFA near to 
the GEZAN region as shown in figure (9) [15]. 
 

 
Fig. 9:  Rain rates for the KSA during the period (1998-2005) 

[16]. 
 
Jeddah region is generally located within the arid climate areas, 
which are characterized by high temperatures in general, lack of 
rain, lack of vegetation, and precipitation in general during the 
winter. To determine the required climatic factors, a number of 
Hydrometric and climatic measurement stations were identified 
around the study area, and four stations near the study area 
were identified, which are stations No. J102, J134 and J221 of 
the Ministry of Water and Electricity, and the Jeddah 41024 
climate station, affiliated to the Presidency of Meteorology and 
Environment as shown in Figure (10). 
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Fig. 10: The locations of rain gauge stations and climate 

factors around the city of Jeddah. 
 
Due to the lack of information completely and for a long time 
in the stations of the Ministry of Water and Electricity, in this 
research the information available in the station 41024 was 
applied, which included information covering the period from 
1970 to 2009 on a daily. As is always the case in dry and 
have same weather, the annual rates of rain for Jeddah in the 
period from 1970 to 2009 recorded change and variation, 
where the lowest amount of rain was recorded during the year 
1982 and was estimated at about 1 mm / year, while the 
highest amount of rain was recorded in the region during The 
year 1996 was estimated at 284 mm / year as shown in 
Figure (11) [17]. 
 
Total annual rainfall during the period from 1970 to 2009 

Fig. 11:  The annual rain amounts. 
 
Estimate the amount of rain through the data of the 
Presidency of Meteorology and Environment by reviewing the 
historical data recorded one can find that the highest measure 
of the value of rain was on 11/3/1972, when it reached 83 
mm, as recorded on 16/16/1979, 80 mm. While in November 
of 1996, the highest the amount of precipitation, which 
amounted to about 285 mm during 11 days, the highest value 
was on 11/25/1996, where the value was recorded at 55 mm, 
while on November 25, 2009, 70 mm. Table (1) shows the 
large rates For rain in the city of Jeddah [17]. 

 
 
 

TABLE 1 

The maximum rainfall recorded at the station Jeddah 41024 

Year Month Day Rainfall (mm) 

1972 11 3 83 

1979 1 16 80 

2009 11 25 70 

1978 2 17 67 

1977 12 13 56 

1996 11 25 55 

1992 11 2 52 

1971 2 4 48 

1996 11 16 46 

1995 2 14 45 

2003 11 10 44 

1996 11 19 42 

1992 1 10 40 

2000 11 16 40 

2005 4 28 39 

1985 11 18 38 

1970 1 10 36 

1996 11 15 32 

2005 1 22 32 

1995 11 2 32 

1999 1 12 28 

1993 12 23 28 

 
Rainfall intensity is considered the main factor influencing the 
formation of the floods and therefore must be taken into 
account when planning construction and development 
projects [18]. And it is also possible to identify rain intensities 
by identifying rainstorms that can be devastating, so a rain 
intensity curve is created (Rainfall frequency curve) for any 
area to avoid the large rain values that might alter these 
projects, which is effective on design the project elements 
such as channels and dams. The available rain data were 
analyzed by the Presidency of Meteorology and 
Environmental Protection, and the expected rain intensity was 
calculated at 10, 25, 50, 100, and 200-year frequency. Table 
(2) shows the results, the probability distribution of the 
maximum daily rain information, where the analysis showed 
that the maximum possible value of the intensity of rain that 
can occur every 5 years is 48.9 mm, while we find that the 
probability value of occurring every 100 years is 131.95 mm 
and the potential value every 200 Year is 146.68 mm. 

 
TABLE 2 

Rain intensity for different iterative times, based on the 
information of the General Presidency of Meteorology and 

Environment 

Station ID Return period (years) 

Station # 
Station 
Name 

5y 10y 25y 50y 100y 200y 

41024 Jeddah 48.9 70.52 97.17 115.44 131.95 146.68 

 
 
3.3 GEOLOGICAL SETTING 
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The geological map of the Jeddah City as shown in Figure 12, 
demonstrates that Wadi QAWS cut through different rock types 
mainly igneous rocks, including basaltic to andesitic lavas, 
hornblende tonalite, massive hornblende granite, quartz diorite, 
quartz monzonite, and trondhjemite. In addition, some structural 
features are also presented such as dykes and faults. The 
general trends of the structural faults are north – south (N-S) 
and northeast – southwest (NE-SW) direction. Regarding the 
dykes, two main types are represented which are felsic and 
mafic dykes. The NE-SW direction is the major trend of the two 
types of dykes. 
 
3.4 GEOLOGICAL DATA 
After carrying out geological data can be used to establish a 
geographical database of this data to produce a geological map 
of the study area as shown in figure (12) for East of Jeddah. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12:  Geological map of Jeddah City [8]. 
 

4 DAM SELECTION CRITERIA 
There are many factors were considered when choosing dam 
locations such as [19],[20]: 
I. The location should be characterized by a smallest of width. 
II. The valley must be distinguished by the presence of high 

sloping sides. 
III. The sides of the valley must be characterized by high 

elevations in order to be sufficient to accommodate the 
height of the dam. 

IV. The lake area behind the proposed dams must have a high 
capacity to accommodate the amount of water collected. 

V. The choice of the spillway must be in a suitable topographic 
area. 

Beside the previous topographic factors, the geological and 
Geotechnical factors should be achieved too, as the 
following: - 

VI. The soil should be strong or the subsurface rocks have to 
close. 

VII. The rocks forming the shoulders must be strong. 
VIII. The site should be about major structures far from the 
faults and shear bands. 

5 METHODOLOGY OF SPATIAL ANALYST BY USING ARCGIS 
The ArcGIS has the spatial analyst tools are used for 

modeling the vector and raster data [21]. The spatial analyst has 
many sub-tools according to its functionality. The hydrology 
spatial analyst tools are concerned to model the water flow 

passing through the area. Also, a hydrology tool can be applied 
either individually or sequentially to create a network of different 
streams in different order or define watersheds [22]. The DEM 
represents the surface height of the study area in a grid image. 
Hence, the analysis of these data is used for many engineering 
applications such as hydrology, environmental, and 
geographical engineering.... etc.  Also, the DEM data for 
hydrological characteristics of the study area are used to 
determine its main and sub basins, and knowledge of its 
direction Water flow and accumulation of water surface following 
the rain and watershed by the analysis Hydrology by using the 
GIS [23].The figure (13) illustrates the methodology which was 
followed to use the ArcGIS spatial analyst to produce the water 
basin for the study area. Also, figure (14) will be shown the 
water basin of Wadi QAWS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 13:  Methodology of Spatial Analyst by using ArcGIS 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 14: The water Basin of Wadi QAWS 
 

Finally, When the criteria which mentioned before in section 4 is 
applied synchronously with the available spatial database. The 
spatial database which contains all pervious data discussed 
above, such as: accurate DEM (from ground surveying or any 
suitable source), geological, geophysical and Geotechnical data 
then the best location of the dam will be achieved.  In this 
context, the accurate chose of the dams will save the time and 
cost for the data collection and design of the dams [24]. 
 

6 DATA PROCESSING, RESULTS, AND 

ANALYSIS OF OBTAINED RESULTS 
According to the previous analysis and data based on field and 
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According to the previous analysis and data based 

on field and information analysis, urgent solutions were 

identified to ward off the risk of flooding in the Wadi 

QAWS region which included the following: 

1. Construction of several dams in different locations to 

protect the city from potential dangers (Figure 15). 

2. Connecting these dams to drainage channels that are 

suitable for the size and capacity of the current flood 

drainage channels. 

After determining the locations of the dams, 

several tests which have been carried out regarding the 

location of the dams as check and making sure stability, of 

this an actual selected location, as the following:  

 Final Geophysical studies.  

 Geotechnical studies of rocks and soil. 

 

 

information analysis, urgent solutions were identified to ward off 
the risk of flooding in the Wadi QAWS region which included the 
following: 
1. Construction of several dams in different locations to protect 

the city from potential dangers (Figure 15). 
2. Connecting these dams to drainage channels that are 

suitable for the size and capacity of the current flood 
drainage channels. 

After determining the locations of the dams, several tests which 
have been carried out regarding the location of the dams as 
check and making sure stability, of this an actual selected 
location, as the following:  

 Final Geophysical studies.  

 Geotechnical studies of rocks and soil. 
 
 

 
 
 
 
 
 

 
 

 
 
 

Fig. 15: The proposed dams Location in Wadi QAWS. 
 
6.1 SELECTED DAMS LOCATION  
According to the factors which were effective for choosing dams 
locations the results of applied these factors will be shown in the 
figure (16). 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16:  Selected Location of Dam 1, Dam 2 and Dam 3 
 

7 RECOMMENDATION AND CONCLUSIONS 
a) There are recommendations for a necessity of supporting 

the selected locations with other required studies, such 
as collecting geological, geotechnical, and geophysical 
data to complete this work. 

b) The remote sensing satellite images and Geographic 
information system (GIS) ArcGIS, using spatial analysis 
is carried out to identify the best dam location and it is an 
effective tool for flood studies. 

c) The results are depending on the accuracy of DEM study 
area. 

d) The accuracy of the meteorological data with their period 
is very important to calculate the volume of storage lake 
of the dam synchronous with its height. 

e) The results of geological, Geotechnical and Geophysical 

must be done for the proposed location of the dams and 
it is enough in selected locations only.  

f) Finally, the results obtained indicate that careful selection 
of the dam's location based on the accuracy of the DEM 
with spatial analysis of GIS saves time and cost for all 
other studies such as geological, Geotechnical, 
geophysical, and field surveys, focusing on specific areas 
and not spending effort and time in useless locations. 

 

REFERENCES 
[1] Subyani A., Qari M., Matsah M., Al-Modayan A. and Al-Ahmadi 

F. (2009), ―Utilizing Remote Sensing and GIS Technologies to 
Evaluate and Reduce Hydrological and Environmental Hazards 
in Some Wadis, Western Saudi Arabi‖, Kingdom of Saudi Arabia 
King Abdulaziz City for Science and Technology General 
Directorate of   Research Grants Program. 

[2] Arkoprovo B., Adarsa J. and Prakash S. (2012), ―Delineation of 
Groundwater Potential Zones using Satellite Remote Sensing 
and Geographic Information System Techniques: A Case study 
from Ganjam district, Orissa, India‖, Research Journal of Recent 
Sciences - ISSN 2277-2502 - Vol. 1(9), 59-66, September 
(2012) Res.J.Recent Sci. 

[3] Youssef A., Pradhan B. and Sefry S. (2014), ― Remote sensing-
based studies coupled with field data reveal urgent solutions to 
avert the risk of flash floods in the Wadi Qus (east of Jeddah) 
Kingdom of Saudi Arabia‖, Nat Hazards (2015) 75:1465–1488 
DOI 10.1007/s11069-014-1383-1. © Springer Science+ 
Business Media Dordrecht 2014. 

[4] Youssef A., Sefry S., Pradhan B. and Alfadail E. (2016), 
―Analysis on causes of flash flood in Jeddah city (Kingdom of 
Saudi Arabia) of 2009 and 2011 using multi-sensor remote 
sensing data and GIS‖, Geomatics, Natural Hazards and Risk. 
ISSN: 1947-5705 (Print) 1947-5713 (Online) Journal homepage: 
https://www.tandfonline.com/loi/tgnh20. Geomatics, Natural 
Hazards and Risk, 7:3, 1018-1042, DOI: 
10.1080/19475705.2015.1012750 To link to this article:  
https://doi.org/10.1080/19475705.2015.1012750. 

[5] Abou El-Magd I., Hermas E. and El Bastawesy M. (2010), ―GIS-
modelling of the spatial variability of flash flood hazard in Abu 
Dabbab catchment, Red Sea Region, Egypt‖, The Egyptian 
Journal of Remote Sensing and Space Sciences (2010) 13, 81–
88. National Authority for Remote Sensing and Space Sciences 
- The Egyptian Journal of Remote Sensing and Space 
Sciences- www.elsevier.com/locate/ejrs - 
www.sciencedirect.com. 

[6] Westen C. (2013), ―Remote Sensing and GIS for Natural 
Hazards Assessment and Disaster Risk Management‖, Faculty 
of Geo-Information Science and Earth Observation (ITC), 
University of Twente Hengelosestraat 90 7500 AA Enschede, 
The Netherlands Tel: +31534874263, Fax: +31534874336. DOI: 
10.1016/B978-0-12-374739-6.00051-8. 

[7] Qari M. (2009), ―Geomorphology of Jeddah Governate, with 
Emphasis on Drainage Systems‖, JKAU; Earth Sci., Vol. 20 No. 
1, pp: 93-116 (2009 A.D./1430 A.H.). 

[8] Daoudi M. and Niang A. (2019), ―Flood Risk and Vulnerability of 
Jeddah City, Saudi Arabia‖, © 2019 The Author(s). Licensee 
IntechOpen. This chapter is distributed under the terms of the 
Creative Commons Attribution License 
(http://creativecommons.org/licenses/ by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

https://doi.org/10.1080/19475705.2015.1012750
http://www.elsevier.com/locate/ejrs
http://www.sciencedirect.com/
http://creativecommons.org/licenses/


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 09, SEPTEMBER 2020       ISSN 2277-8616 

319 
IJSTR©2020 
www.ijstr.org 

[9] Almalki A. (2017), ―Flood Mitigation in Jeddah, Saudi Arabia‖, M. 
Sc. Thesis, faculty of the Voinovich School of Leadership & 
Public Affairs.   

[10] Ali A. and Ameur F. (2018), ―An Assessment of Jeddah’s 
Hydraulic Protection and Management Systems of Flood‖, Open 
Access Library Journal 2018, Volume 5, e4288 - ISSN Online: 
2333-9721 - ISSN Print: 2333-9705 - DOI: 
10.4236/oalib.1104288 Feb. 28, 2018. 

[11]  Al Saud M. (2010), ―Assessment of Flood Hazard of Jeddah 
Area 2009, Saudi Arabia‖, Journal of Water Resource and 
Protection, 2010, 2, 839-847- doi:10.4236/jwarp.2010.29099 
Published Online September 2010 
(http://www.SciRP.org/journal/jwarp). 

[12] https://www.google.com/search?q=%D8%B5%D9%88%D8%B
1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF
%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=
ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:159520627455
1&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAh
VxxoUKHYu-
AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25 
(2020), ―Image for flood of Jeddah‖. 

[13] Irwin S., Srivastav R. and Simonovic S. (2014), ―INSTRUCTION 
FOR WATERSHED DELINEATION IN AN ARCGIS 
ENVIRONMENT FOR REGIONALIZATION STUDIES‖, 
Department of Civil and Environmental Engineering Western 
University, Canada. 

[14] Ouma Y., and Tateishi R. (2014), ―Urban Flood Vulnerability and 
Risk Mapping Using Integrated Multi-Parametric AHP and GIS: 
Methodological Overview and Case Study Assessment‖, Water 
2014, 6, 1515-1545; doi:10.3390/w6061515 – Open ACCESS 
water ISSN 2073-4441 www.mdpi.com/journal/water. 

[15] Almazroui M. (2011), ―Calibration of TRMM rainfall climatology 
over Saudi Arabia during 1998–2009‖, Center of Excellence for 
Climate Change Research / Department of Meteorology, King 
Abdulaziz University, P. O. Box 80234, Jeddah 21589, Saudi 
Arabia. 

[16] Abu Abdullah M., Alzahrani A. and Alwagdani E. (2017), ―Toward 
integrated water resources management in Wadi Deem, 
WesternArea, Saudi Arabia. Part – 1‖, Libadiye Cad. Doğanay 
Sokak No:6 Kat:4 Üsküdar İstanbul Tel: (216) 412 3383 - Faks: 
(216) 412 3390 suvakfi@suvakfi.org.tr - www.suvakfi .org.tr. 

[17] Almazroui M., Islam M., Athar H., Jonesa P., and Rahmana M. 
(2012), ―Recent climate change in the Arabian Peninsula: 
annual rainfall and temperature analysis of Saudi Arabia for 
1978–2009‖, INTERNATIONAL JOURNAL OF CLIMATOLOGY 
Int. J. Climatol. 32: 953–966 (2012) Published online 6 March 
2012 in Wiley Online Library (wileyonlinelibrary.com) DOI: 
10.1002/joc.3446. 

[18] Dang A. and Kumar L. (2017), ―Application of remote sensing 
and GIS-based hydrological modelling for flood risk analysis: a 
case study of District 8, Ho Chi Minh city, Vietnam‖, Geomatics, 
Natural Hazards and Risk -ISSN: 1947-5705 (Print) 1947-5713 
(Online) Journal homepage:  
https://www.tandfonline.com/loi/tgnh20 - DOI: 
10.1080/19475705.2017.1388853 - Published by Informa UK 
Limited, trading as Taylor & Francis Group. 

[19] Abushandi E. and Alatawi S. (2015), ―Dam Site Selection Using 
Remote Sensing Techniques and Geographical Information 
System to Control Flood Events in Tabuk City‖, Hydrology 
Current Research Hydrol Current Res Volume 6 Issue 
1•1000189 ISSN: 2157-7587 HYCR, an open access journal. 

[20] Jamali I., U. Mörtberg U., B. Olofsson B.  and Shafique M. 
(2014) ―A Spatial Multi-Criteria Analysis Approach for Locating 

Suitable Sites for Construction of Subsurface Dams in Northern 
Pakistan‖, Water Resour Manage (2014) 28:5157–5174 DOI 
10.1007/s11269-014-0800-2 © Springer Science + Business 
Media Dordrecht 2014. 

[21] Sreechanth S.  and Yarrakula K. (2017), ―Comparison and 
Extraction of Watershed Using Arc Swat and Arc Hydro from 
High Resolution Digital Elevation Model‖, Indian Journal of 
Ecology (2017) 44(3): 421-427. 

[22] DERDOUS O., DJEMILI L., BOUCHEHED H. and TACHI S. 
(2015), ―A GIS based approach for the prediction of the dam 
break flood hazard – A case study of Zardezas reservoir - 
Skikda, Algeria‖, JOURNAL OF WATER AND LAND 
DEVELOPMENT 2015, No. 27 (X–XII): 15–20 PL ISSN 1429–
7426 © Polish Academy of Sciences, Committee for Land 
Reclamation - DOI: 10.1515/jwld-2015-0020. 

[23] https://www.gisresources.com/giswatershedwatershed-analysis/  
(2020), ―Watershed Analysis: What, How, Influencing Factors & 
Applications‖. 

[24] Tehrany M., Shaban F., Jebur M., Hong H., Chen W. and Xie X. 
(2017), ―GIS-based spatial rediction of flood prone areas using 
standalone frequency ratio, logistic regression, weight of 
evidence and their ensemble techniques‖, GEOMATICS, 
NATURAL HAZARDS AND RISK, 2017 VOL. 8, NO. 2, 1538–
1561https://doi.org/10.1080/19475705.2017.1362038. 
Published by Informa UK Limited, trading as Taylor & Francis 
Group. 
 

http://www.scirp.org/journal/jwarp
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
https://www.google.com/search?q=%D8%B5%D9%88%D8%B1+%D8%B3%D9%8A%D9%88%D9%84+%D8%AC%D8%AF%D8%A9&safe=strict&rlz=1C1GGGE_enEG910EG910&sxsrf=ALeKk03haQTyDtOwDhLvYlmmsRSrHDmdRw:1595206274551&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiX1tm6ztrqAhVxxoUKHYu-AG8Q_AUoAXoECAwQAw&biw=1093&bih=486&dpr=1.25
http://www.mdpi.com/journal/water
https://www.tandfonline.com/loi/tgnh20
https://www.gisresources.com/giswatershedwatershed-analysis/

