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ABSTRACT: 
 
Despite of valuable efforts from working groups and research organizations towards flood hazard reduction through its program, still 
minimal diminution from these hazards has been realized. This is mainly due to the fact that with rapid increase in population and 
urbanization coupled with climate change, flood hazards are becoming increasingly catastrophic. Therefore there is a need to 
understand and access flood hazards and develop means to deal with it through proper preparations, and preventive measures. To 
achieve this aim, Geographical Information System (GIS), geospatial and hydrological models were used as tools to tackle with 
influence of flash floods in the Kingdom of Saudi Arabia due to existence of large valleys (Wadis) which is a matter of great 
concern. In this research paper, Digital Elevation Models (DEMs) of different resolution (30m, 20m,10m and 5m) have been used, 
which have proven to be valuable tool for the topographic parameterization of hydrological models which are the basis for any flood 
modelling process. The DEM was used as input for performing spatial analysis and obtaining derivative products and delineate 
watershed characteristics of the study area using ArcGIS desktop and its Arc Hydro extension tools to check comparability of 
different elevation models for flood Zonation mapping. The derived drainage patterns have been overlaid over aerial imagery of 
study area, to check influence of greater amount of precipitation which can turn into massive destructions. The flow accumulation 
maps derived provide zones of highest accumulation and possible flow directions. This approach provide simplified means of 
predicting extent of inundation during flood events for emergency action especially for large areas because of large coverage area of 
the remotely sensed data. 
 
 

1. INTRODUCTION 

Most of the natural hazards result from potentially extreme 
geophysical events, such as floods, to create an unexpected 
threat to human life and property. When severe flash floods 
occur in areas occupied by humans mostly in low lying area 
or valleys (Wadis), they create natural disasters that involve 
greater loss of human life and property plus serious 
disruption to the ongoing activities of large urban and rural 
communities. Flood hazards results from a combination of 
physical exposure and human vulnerability reflected by key 
social-economic factors such as the number of people at risk 
in the flood plain or low-lying zone, the extent of flood, and 
the ability of the population to anticipate and cope up with 
hazard. 
 
The Wadis or valleys act as natural bowl (container) which 
on receiving right amount of precipitation gets filled up, 
resulting in sudden runoff of water in the form of streams 
causing flash floods, which directly affect the sustainability 
of concerned area or region. Catastrophic flash floods 
occurring in Wadis on one hand, a threat to many 
communities and on the other hand, major groundwater 
recharge source after storms. 
 
The topography of the Kingdom of Saudi Arabia supports 
existence of large Wadis naturally, also with rapid 
developments and changing basement conditions increase 
chances at rapid speed. The water accumulating from 
precipitation did not percolate down directly, due to altered 
ground conditions. Such conditions were responsible for the 
flash floods of Jeddah during the past. 
 

Thus DEM acts as a basic digital data set, necessary to 
perform hydrological modelling in Wadi systems. Several 
characteristics about the surface hydrology of a particular 
area can be determined using DEM. Processing DEM data to 
extract hydrological features has become common procedure 
(Garbrecht and Martz, 1996). Hydrological applications of 
digital elevation models have recently become an important 
factor in determining the runoff response to rainfall is 
topography. Spatially hydrological modeling takes this factor 
into account through the use of DEM. Many sources of data 
can be used for producing DEM of the region: Field survey, 
topographic maps, aerial photographs and satellite images. 
Modeling relief, as one of the most determinant elements of 
landscape components has become essential in 
environmental research (Mezősi and Bódis 1999). Escalating 
hydrological problems (extreme events, floods, droughts, 
managing water-resources, soil erosion, environmental 
effects of climate change) and the development of 
mathematical modeling techniques involving digital (spatial) 
data processing and analyses, GIS (geographical information 
systems) and RS (remote sensing) technologies have also 
opened up new prospects to hydrological modeling (Beven 
and Moore (Eds.) 1995; Bates and Lane (Eds.) 2000; 
Grayson and Blöschl (Eds.)2000; Beven 2001). These 
developments have enabled the spatial discretization of 
hydrological processes, and the resulting models are called 
distributed models. The principle of distributed modelling is 
that the analysis of sub-processes is done by dividing the area 
under investigation into elements (cells, grids), within which 
the processes are represented. Among the most important 
components, there are the terrain and its derivatives. Thus 
cell-based digital elevation modelling and applications in 
hydrological modelling is targeted by several research 
activities. 
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Also more investigations for Wadi-Hanifa show that 
drainage pattern is helpful in determining the directions of 
running water and the possible locations where it 
accumulates. The flow accumulation maps derived from high 
resolution DEM provide the highest possible areas which 
receive precipitations and can help to mitigate its directions 
also. 

4.7 Flood Control in the Desert 

Riyadh receives an average of 100 millimeters (4”) of rain 
each year, that’s not much but it tends to come in the form of 
sudden downpours. Only 10 days per year on average have 
rain and nearly all come between January and April. 

Across the Najd desert that surrounds Riyadh, these rains 
flow naturally into Wadis. Since the Najd tilts from the high 
ground northwest of Riyadh south and east toward the Gulf 
coast, all of Najd’s small wadis feed their runoff water into 
one major artery: Wadi Hanifah. This means that by the time 
waters reach the edge of Riyadh, they often swelled into 
potentially destructive flash floods. 

 

5. RESULTS AND DISCUSSIONS 

Digital Elevation Models play a very important role for 
watershed management because the surface water features 
and storm-water runoff within a watershed ultimately drain 
into other bodies of water.  It is essential to consider these 
downstream impacts when developing and implementing 
water quality protection and restoration actions. Everything 
upstream ends up downstream. We need to remember that we 
all live downstream and that our everyday activities can 
affect downstream waters.  

The flow accumulation networks obtained clearly depicts 
those areas which are directly at risk during high 
precipitation conditions and provides zones of high 
accumulations where water seeps down quickly and 
simultaneously delineating run-off water. 

The inundation map obtained from DEM also provide major 
change of elevations and maximum approximation for 
flooding extend during high precipitation, thus inundation 
maps plays a crucial role in helping decision-makers to take 
appropriate measures that alleviate and reduce the adverse 
impact of floods.  

No doubt the study provides broader spectrum about the 
hydrology of the Wadi Hanifa but simultaneously the study 
visualizes us about the natural disasters which surrounds the 
Wadi. During high or even in moderate precipitation, water 
will move directly towards low-lying areas as run-off. The 
run-off water will directly influence lower reaches as the 
water absorbing capacity of soil is less due to changing 
basement and will remain continuously changing with human 
interventions. The state of architecture is constantly changing 
due to which the basement of the terrain is also getting 
altered, which affect the water holding capacity of the 
underground surface, due to which the water remains 
localized in the upper surface and results in flood like 
situations. Thus, current study provides us informative 
approaches for influence of DEM in watershed management 
for flood zonation mapping by watershed management 
modelling and assessment by generating inundation maps. 

 

6. CONCLUSION 

Digital Elevation Models play a crucial role for determining 
hydrological system of Wadis and secondly acts as a key 
feature in defining flow channels in Wadis for water 
management and provide clear view about main stream 
channel, in order to engineer grading and channeling, to 
control its flow and minimize the destructive effects of 
floods. 
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