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Simulation of the propagation and inundation of
Tsunami waves originated at Makran Subduction
Zone: Oman Case Study

Sultan Al-Yahyai (Public Authority for Civil Aviation, Oman
National Meteorological Service .alyahyai@gmail.com) and
Yassine Charabi (Directorate of Geography, Sultan Qaboos
Umver51ty e-mail: yassme@ squ. edu. com)

"The Fea51b1hty of Renewable Energy in the Gulf
Cooperation Council Countries "

Dhari N. Al-Ajmi (Geography Department, Sultan Qaboos
University, Sultanate of Oman)

‘Numerical Model Simulation of Indian Summer

Monsoon Over South of Oman (Khareef)

Sultan Al-Yahyai and Badriya Al-Mawali (Public Authority for
Civil Aviation, Oman National Meteorologlcal Servu:e)

Vulnerablhty of Kuwait Coast to Sea-Level Rise

Mohammad M M Alsahli (m.alsahli@ku.edu.kw)

and Ahmed M AlHasem (alhasem @ gmail.com)

Kuwait University, Department of Geography, PO Box 5969
Safat 13060 Kuwait.

Current and Future Changes in Rainfall
and Temperature in Oman

Yassine Charabi
(Department of Geography, Sultan Qaboos University \
yassine@squ.edu.om) and Sultan Al-Yahyai (Directorate General

for Meteorology and ALr Nav1gal10n \ s. alyahyal @ gmml com)
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Abstract

Abaar Al-Mashi is located south of Medina. This area is famous for
fresh groundwater and soil fertility, which made it the focus of attention
for investors in the field of agriculture during the past thirty years.
However, the region in recent years have seen drastic changes affecting
the extension and distribution of green spaces due to poor planning,
and the lack of coordination between responsible government agencies,
which not only turns these palm-grown, green spaces into ruins, but also
squandered the farmers’ money; that could be estimated with hundreds
of millions of riyals.

Therefore, this study aimed to analyze the spatial variability of
greeneries by measuring the rate of change in the area of green spaces
for the years 1990 -2000 - 2011, and its relationship to spatial variables
of groundwater wells in the region, in order to identify the environmental

factors related to the decline in plant coverage rates.

The results of the analysis of greeneries spatial variability indicated
significant decline in the area of green spaces occupied by palm trees
which amounted to 83.3% in 2012 of the total area of green spaces
occupied by palm trees in 1990. Moreover, the study pointed out the
faded out green spaces between the palm trees as a result of changes in
cropping patterns in recent years. The results also showed the dislocation
of green landscape in Al-Mashi Wells area towards the east and south -

east as a result of well drought in the western regions.
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The results of analysis also indicated an increase in the depth of
groundwater wells drilled in recent years, accompanied by a general
decline in the level of groundwater and a general decline in the rate
of wells’ productivity after 2004, which indicates an excessive water
withdrawal, threatening to aggravate the water problem in the region in
the future.
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ABSTRACT

In response to sporadic intensive rainy storms, the fluvial catchments in
the eastern and southern regimes of Medina produce flash floods that vary
in their frequency and magnitude. However, not all the catchments around
Medina produce surface runoff through each rainy storm. The determination
of the most frequently flowing catchment(s) through each flash flood event
and the spatial characteristics of the flow still represent gaps in understanding
the hydrological processes associated with flash floods in arid environments.
The major goals of this research activity are; 1) studying the frequency of
flash floods in all the catchments around Medina, 2) determining the most
frequently flowing catchment(s) that produce flash floods, 3) studying and
analyzing the driving forces that control the occurrence of flash floods in
the most frequently flowing catchment(s). To achieve these goals, the mutli-
temporal optical satellite imagery were acquired through the last three decades.
These images will be processed for defining the active channels through each
flash flood event. The various morphometric and topographic characteristics
of the various catchments around Medina will be extracted as well from
the available Digital Elevation Models (DEM). In addition, the various
hydrological parameters such as flow direction, flow accumulation, and flow
lengths will be extracted as well from the Digital Elevation Model, and will be
integrated with the precipitation data from the TRMM meto-satellite to assess

the spatial characteristics of surface runoff through each flash floods event.
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INTRODUCTION

The majority of Saudi Arabia landscape is occupied by mountainous
areas that are sculptured by well developed drainage basins which vary
in their sizes and outlets. In response to short and intensive rainy storms,
some of these basins flow resulting in flash floods. Under the prevalence of
steep slopes, high topography, and the scarcity of the natural vegetation, the
valleys of these hydrographic basins produce hazardous flash floods (Figure

1) that vary in their frequencies and magnitudes.

Figure 1: An example of the flash flood hazards of W. Qanah.
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Traditionally, the potential of these hydrographic basins to produce
flash floods and their variable hazards on different human activities have
qualitatively been assessed based on the analysis of their morphometric
parameters (Subyani and Bayumi, 2001; El-Barodi and Mirza, 2005;
Borobah, 2007; Fred and mostafa, 2008; El-Jeaidi, 2008; Dawod et al.,
2012). Although these kinds of studies are valuable for the characterization
of the flash flood potential, they are considered qualitative approaches for
studying and assessing the hydrologic characteristics of a given drainage
basin. However, some field measurements have been intermittently
conducted to determine the quantity of surface runoff that occurs in the large
and more frequent flash flood hydrographic basins. Field measurements are
normally carried out either during or immediately after the occurrence of
flash flood events, and include the determination of the depth of surface
runoff at accessible locations of the major streams of the drainage basins.
The integration of field measurements with the width of the valley, cross
sectional area of the valley, and velocities enable quantifying surface runoff
of flash flood events for many of the drainage basins. Very limited studies
had been carried out using this approach in the Kingdom anyway (ElJeaidi
and Borobah, 2007; El-Barodi, 2012). However, field measurements are
localized and can not express the total surface runoff of the entire drainage
basins. In addition, little is known about which basin(s) do frequently flow in
each rainy storm and which do not. The spatial characteristics of flash floods
such as the spatial extents are unknown as well. Recently, systematic and
constant availability of remotely sensing data can help hydrologist determine
the most frequently flowing drainage basins and the spatial extents of surface

runoff of a given flash flood event.
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With the advantages of the availability of the precipitation data on fine
temporal scales from the Tropical Rainfall Mapping Mission (TRMM), and
the multi-temporal satellite imagery of the LandSat sensors (TM and ETM),
along with the available Shuttle Radar Topographic Mission (SRTM) Digital
Elevation Model (DEM), understanding many aspects of the hydrological
processes associated with flash floods has been enhanced (El-Jeaidi, 2005; Al-
Ghamdi, 2006; Al-Hawwas, 2007; El-Bastawesy et al., 2008; El-Bastawesy
et al., 2009; Abou El-Magd et al., 2010; Dawod and Koshak, 2011; Dawod
et al., 2011; Koshak and Dawod, 2011; Al-Ghamdi et al., 2012). These
studies helped define the spatial extents of the surface runoff of a given
flash flood event, and uniquely determine whether the associated mass of
water and sediment is transmitted at the most downstream outlet or fully
transmitted through the alluvial deposits to the shallow terrestrial aquifers.
However, the integration between the previous data is considered limited for
-appropriate mapping, modeling, and forecasting the hydrological processes
of a given area. For instance, the absence of calibrated TRMM and the in-
situ gauged measurements of flow characteristics suppress the construction
of accurate peak-hydrographs of flash floods. In addition, the temporal
and spatial variations of important hydrological parameters such as evapo-
transpiration, precipitation, and soil moisture content are not represented as
well. In this research activity, the various hydrological parameters extracted
from the SRTM DEM will be integrated with time series TM and ETM
landsat satellite imagery to determine the most frequent flowing watershed
in upstream reaches that converge in the westward direction north Madina
city. In addition, the spatial characteristics of one of the most intensive rainy
storms over these basins will be presented and analyzed using TRMM data.
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STUDY AREA

The study area includes the regions occupied by the drainage basins in
the east, south, and north of Madinah, KSA. Geographically, it is located
between 39° 14° 35°t042°17° 2° E, and 23° 12° 16° to 25° 37° 29° N. Madina
city is located in the center of the western limit of the study area (Figure 2).
The spatial extent of the study area is approximately 43,750 km?. The area
represents the upstream ranges of a large drainage basin that has its most
downstream outlet at the coast of the Red Sea south Wejh city. The monthly
averages of temperature of Madina surroundings range from a minimum
of 19.3 ¢ to a maximum of 37.5 c referring to arid to hyper-arid climate.
The monthly averages of precipitation values range from 0.0 to 37.4 mm.
Summer is hot with minimal chances of rainfall whereas winter is cold with
high chances of rainfall through autumn and winter. Geologically, as a part of
the Arabo-Nubian shield, the area has long history of tectonics and geologic
events that produces complex lithologic and structural settings. Basement
rocks include Halpan group, Mardamah group, and plutonic igneous rocks.
These rocks vary in their compositions from metamorphic rocks to acidic
igneous rocks (Al-Shantti, 1993). These rocks occupy the majority of the
study areas in particular in the east, southeast, and southwest. One of the
main lithologic components in the study area is the volcanic rocks that have
been erupted since the formation of Red Sea and still active (Mirza, 2008).
In the west of the study area, these rocks form a wide strip extending from
southern limit till the eastern boundaries of Madinah. In addition, they are
well represented in the northern reaches of the study area as well. Volcanic
rocks plays potential role in developing surface runoff through the alluvial
valleys of the study area. Locally, these rocks are recognized as Harrat
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Rehatt, Harrat Karmaa, and Harrat Khaibar. Along with the basement and
volcanic rocks, the alluvial deposits are well represented within the valleys
of the study areas. The thickness of these alluvial deposits may reach in 80.0
m within most of the valleys which represent a long history of erosional
and depositional processes in the study area (Al-Shareef, 1998). The active
tectonics of the Red Sea that result in continuous uplift of the basement rocks
in the west of Saudi Arabia, in general, and in the study area, particular,
along with the dominant arid regime make the topography of the study area
high and rugged.

The elevation of the study area ranges from 575.0 to 2,348.0 m with
a mean of 1,402.0 m asl whereas the slope ranges 0.0 to 66.0 with a mean
of 31.3 denoting the dominance of very steep slopes landscape (Scholz,
1972). In response to the hard bedrocks and high rugged topography, the
landscape of the study area developed matured and integrated surface
drainage networks (Figure 2). This is asserted by the development of 8
order trunk valley that starts to the east of Madinah city by 109.0 km and
continues in the westward direction through Madinah for a distance of
274.0 km before the major 9" trunk valley. Within the area of study, the 8*
order trunk valley receives the transported water and sediments from all
the watersheds in the study area (Figure 2). The 8" order trunk valley in the
middle of the study area comprises two segments. The eastern one is called
Wadi Al-Makheett and the western one is called Wadi Al-‘Aqool or Wadi
Qanah. Between both segments and in the northeast of Harrat Rehatt, Qa°®a
Haddaowddaa basin occurs (Figure 2). Wadi Al-Makheett bifurcates in the
east into two 7" order drainage basins. The southwest region of the study
area is occupied by the largest 7* order drainage basin. The trunk valley of
this basin is called Wadi Al-Shoédba which receives surface runoff from the
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southeast basin and join Wadi Al-Makheett through the southern border of
Qa’a Haddaowddaa basin. Along with these 7* order basins, smaller basins
confluence with Wadi Al-Makheett as well. The contributions of these
small drainage basins to surface runoff at Wadi Al-Makheett are limited. In
the west of Qa®a Haddaowddaa basin, surface runoff flow across Al-Aqool
Dam into the second segment of the 8" order trunk valley which is called
W. Qanah.

In the north of W. Qanah, many small drainage basins are represented
and ranges from 4" to 5 order drainage basins. These basins drain a
regime that is formed basically from acidic igneous rocks. To the south
of Madinah, Wadi Al-Ageeq drainage basin occur which is one of the
largest and most flowing valley in the study area. The Trunk valley of W.
Al-Ageeq receives surface runoff from different lithologic regimes: the
volcanic rocks in the east and the igneous acidic rocks in the west. The
trunk valley of W. Al-Ageeq flows northward through the western districts
of Madinah to join W. Qanah in the northwest of the city. Along with W.
Al-Aqgeeq drainage basin, smaller basins join Wadi Al-Qanah trunk valley.
One of these drainage basins is characterized by 4" order trunk streams that
transport water from the northern areas of Harrat Rehatt into Wadi Qanah
trunk valley across the center of Madinah city.

METHODOLOGY

Acquisition of multi-temporal satellite imagery

The LandSat TM and ETM satellite images were requested and then
downloaded from the USGS catalogue (ww.glovis.usgu.gov). The bands
7, 4, and 2 were stacked to produce false colour composite images which
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were used for visual interpretation of the signatures of active channels.
Both the acquisition dates and the spatial resolution of these images are
presented in Table 1. Images that have dates of acquisition after the flash
flood event are only acquired. The time between the flash flood event and
the date of the acquisition is different which extending from few days to a
month. Accordingly, the recognition of the spectral signatures of the active
channels associated with surface runoff varies from flash flood event to
another. To demonstrate this, the dates and amounts of rainfall events that
probably produced surface runoff in the study area have been presented as
well in Table 1. Although, we have collected long historical remote sensing
imagery for the study area, we will focus only on the satellite images of
1984, 1987, 1991, and 1998 to analyze the spatial characteristics of surface
runoff associated with each flash flood event.
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Extracting the sub-catchments and stream network from the digital
elevation model (DEM) .

The Shuttle Radar Topography Mission (SRTM) DEM was used
to automatically extract the hydrological parameters of the study area
following the standard technique of Jenson and Dominique (1988). Firstly,
all sinks were removed by filling the DEM. Secondly the flow direction was
computed to define the aspect and gradient of flow for each cell in the DEM.

Thirdly, this flow direction grid was accumulated to produce cumulative
pattern of all cells within the DEM. Finally, the threshold of flow accumulation
layer was defined to extract the boundaries of sub-catchments and the surface
stream network developed within the entire catchment of El-Arish.

Mapping the accumulated rainfall events that are potential to
produce flash floods

The Tropical Rainfall Monitoring Mission (TRMM) satellite has
been launched since 1998. This satellite can provide images for the total
accumulated rainfall every month over the entire region of Saudi Arabia.
Pixels of these images include the values of the accumulated rainfall over
the entire hydrographic basins of the study area. Since the acquisition
started in 1998, particular number of images of different rainy storms will
be presented. The magnitude and the spatial distribution of the accumulated
rainfall will be analyzed against both the spectral signatures of the selected
flash floods events and the recorded precipitation values of the Madinah
climatic station.
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Tablel: satellite imagery and climatic data.

Satellite imagery Climatic data
Year Date Spau:‘xl Station Date rainy storm Esecipitation
resolution mm
November 29 30 Madinah November 25 18.2
1984
December 31 30 Madinah
March 4 30 Madinah March 3 26.8
1987
March 27 30 Madinah
1991 January 17 30 Madinah January 17 6.0
Madinah January 4 6.0
30
March 9 Madinah February 0.0
April 10 30 Madinah March 29 13.6
Madinah April 29 25.8
May 28 30 Madinah April 30 18.5
Madinah May 10 10.3
Madinah June 0.0
July 31 30
Madinah July 0.0
1998 ;
September 1 30 Madinah August 28 38.5
Madinah October 0.0
December 6 30
November 0.0
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RESULTS AND DISCUSSION

Although the area is characterized by the availability of LandSat TM
satellite images, only images that demonstrate and describe the spectral
signatures of surface runoff were selected. These images belong to 1984,
1987, 1991, and 1998 with emphasis on multiple images of 1998 where
there monthly acquisitions of TRMM data that demonstrate the spatial
characteristics and magnitude of precipitation.

The Flash flood event of 1984

In November 25, 1984, the climatic station recorded a precipitation
amount of 18.2 mm (Table 1). This amount of rainfall produced a flash
flood event. Four days later in November 29, the study area was imaged
by LandSat TM satellite (Table 1). The image distinctly demonstrates the
surface runoff of this flash flood event (Figure 3). From the image, the
eastern valleys such as W. Al-She®aba from the southeast of the study
area, W. Al-Mokhlatt in the middle of the study area, and W. Al-Hanakia
that transmit surface runoff from the northern reaches of the study area.
The major contribution of surface runoff was from the later valley (Figure
3). This is probably attributed to the dominance of volcanic rocks in the
upstream reaches of W. Al-Hanakia. While the volcanic rocks lack fractures
like the acidic igneous rocks, they develop sinks at various spatial extents.
Accordingly, water flows on the surface of the volcanic rocks to be collected
in these sinks. After filling these sinks, water flows through their boundaries
into the upstream tributaries of W. Al-Hanakia (Figure 4). Finally, surface
runoff from the three major valleys in the east and north of the study had been
concentrated in the W. Al-Makheett trunk valley that accordingly flows in
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the westward direction into Qa°a Haddaowddaa (Figure 3). At the western
end of Qa°a Haddaowddaa, El-°aqool Dam exists where the water over
flow in the westward direction through W. Qanah until the north of Madinah
city. While surface runoff had been concentrated in the eastern valleys, W.
Al-Ageeq produced potential surface runoff as well. The eastern tributaries
originated in Harrat Rehatt to the east of W. Al-Aqeeq were responsible of
surface runoff of W. Al-Ageeq.

The Flash flood event of 1987:

In March 3, 1987, the climatic station of Madinah recorded a precipitation
amount of 26.8 mm. Figure 5 comprises two images: one is acquired in the
second day of the rainy storm which is March 4, and another is acquired 23
days later in March 27. The first image of March 4, clearly demonstrates
the production of significant surface runoff in the eastern, northern and
southeastern valleys. The spectral signatures of surface runoff are clearly
represented. Investigating these traces indicate the production of surface
runoff in W. Al-Ageeq as well. Similar to the flash flood in 1984, the spatial
characteristics of surface runoff of March 4 satellite image indicates that
W. Al-Hanakia potentially contribute to the surface runoff more than other
valleys in the study area (Figure 3). Although the amount of precipitation
is different between both the 1984 and 1987 flash flood events, their spatial
distributions tend to be the same.
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Flash flood event in 1991:

The amount of precipitation and the spatial characteristics of surface runoff
are different than both in surface runoff of 1984 and 1987. The amount of
precipitation of surface runoff of the flash flood event in 1991 was much lower
than both of 1984 and 1987 flash flood events which is 6.0 mm as recorded
from Madinah climatic station recorded in January 17, 1991 (Table 1). In the
same day, a LandSat TM image was acquired in January 17, 1991. Unlike the
previous spatial characteristics of surface runoff associated with flash flood
events in 1984 and 1987, surface runoff was limited to W. Al-She®aba which
drain a 7* order drainage in the southeast of the study area (Figure 4). Although
the spectral signature of surface runoff is well represented in W. Al-She®aba,
this runoff had been suddenly stopped at the boundary of Qa°a Haddaowddaa
(Figure 4). Analyzing the spatial characteristics of the surface runoff may help
conclude three implications which are; 1) although the recorded amount of
precipitation was small, surface runoff was generated, 2) the rainy storm was
concentrated only over the upstream reaches of W. Al-She®aba, 3) Ceasing
surface runoff at the boundary of Qa°a Haddaowddaa refer to the short time of

the rainy storm.

Flash flood events of 1998

In 1998, many rainy storms of various magnitudes occurred through many
months. The area of study received various precipitation amounts through
five months which are 6.0 mm, 10.6 mm, 25.0 mm, 18.5 mm, 10.3 mm, and
38.5 mm in January 4th, March 29th, April 29th & 30, May 10th, August
28th respectively. In July 1998, while the climatic station at Madinah did not
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register any amount of precipitation, indication of surface runoff had been
observed. Luckily, there is a high number of LandSat TM image acquisition

through this year.

November 29, 1984

i Qi Al-Salial,

13
{

March 4, 1987

Figure 3: Spectral signatures of 1984 and 1987 flash flood events
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Figure 4: Surface runoff of the 1991 flash flood

Accordingly, studying the spectral signatures of this high number of
images will help understand the spatial characteristics of surface runoff. In
addition, as TRMM data are available every month, this will help as well
define the spatial distribution of precipitation through each rainy storm
and its amount. Unlike all the previous flash flood events, surface runoff
through all the rainy storms is mainly limited to the drainage basin of W.

Al-Ageeq.
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In January, Madinah climatic station recorded 6.00 mm of rainfall
while in February the station did not record any amount. The TRMM
image of January shows rainfall data that ranges from 2.9 to 21.8 mm
with an average of 9.3 mm. The highest values of rainfall occur in the
south and southeast of the study area (Figure 5). However, W. Al-Ageeq
only developed surface runoff. This may be attributed to its relative
small size than W. Al-She°aba that discharge the southeast reaches of
the study area. In the TRMM image of February, 1998, indicates small
amount of rainfall that ranges from 0.00 to 2.7 mm with an average of
0.29 mm. In contrast to TRMM image of January, the TRMM image
of February indicates that the highest amount of rainfall occur in the
northern reaches of the study area. The LandSat TM image acquired in
March 9 indicates traces of surface runoff in W. Al-Ageeq (Figure 6),
and water accumulation southeast Madinah airport. No traces of surface
runoff were observed in the eastern, southeastern or northern drainage

basins.

In March 29, 1998, Madinah climatic station recorded an amount of
precipitation in the order of 10.6 mm. The TRMM image indicates a rainfall
amount ranging from 9.1 to 87.4 mm with an average of 27.7 mm. The
highest amount of precipitation occurs in the northern and northeast reaches
of the study area (Figure 5). However, the satellite imagery acquired in April
10, 1998, indicate no traces of surface runoff in the valleys of these reaches
(Figure 6). In contrast, the spectral signatures of surface runoff are slightly
represented along W. Al-Ageeq drainage basin (Figure 6).
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February, 1998

Value

. High : 2.67813
-—

I Low : -0.002640

A€  Madinah climatic station
—— Fifth order streams
———— Sixth order streams

Seventh order streams

r sireal

Value

. High : 21.780z
Summan

I Low : 2.93084

Janruary, 1998 ,

€ Madinah climatic statio

—— Fifth order streams.
<~ Sixth order streams

Seventh order streams

= Eigth order streams

Value

. High : 87.401
t—

L Low : 9.12108

March, 1998

3 Madinah climatic station
——— Fifth order streams
—— Sixth order streams
Seventh order streams
——— Eigth order streams

Value
. High : 75.508
L]

W Low : 10.4081

3 Madinah climatic station — T
—— Fifth order streams
Sixth order streams
— Seventh order streams
——— Eigth order sireams

Figure 5: the spatial characteristics and magnitude of precipitation through January,
February, March and April, 1998.

In April 29 and 30, the study area received more precipitation amount than

the previous months which are 25.8 mm and 18.5 respectively as recorded

from Madinah climatic station. In addition, the station recorded another

amount of rainfall in the order of 10.3 in May, 10, 1998. These variable

amounts had been asserted by the magnitude of rainfall in the TRMM images

of April (Figure 5) and May (Figure 7).
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March 9, 1998

April 10,1998

Figure 6: Surface runoff in both March and April, 1998
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The precipitation amounts of April TRMM image ranges from 10.4
to 75.6 mm with an average of 33.3 mm whereas the precipitation
amounts of May TRMM image ranges from 1.1 to 18.8 mm with an
average of 7.7 mm. The rainfall events of both April and May resulted
in surface runoff which is supported by spectral signatures of LandSat
TM image dated May 28, 1998 (Figure 8). Traces of surface runoff
can clearly be seen along W. Al-Ageeq and as water accumulation
in Qa®a Haddaowddaa. No traces had been observed in the eastern,
northern, and southeastern drainage basins although the TRMM images
of both April and May indicate the presence of high amount in the
upper reaches of these drainage basins (Figure 5 & 7). Studying the
TRMM images of April and May indicates the concentration of the
high amounts of precipitation over Harrat Rehatt (Figure 5 & 7) which
may interpret surface runoff W. Al-Aqeeq, and water acCumulation in
Qa°a Haddaowddaa (Figure 8).
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May, 1998 Value

| Low : 1.08791

N Y
* Madinah climatic station

. High : 18.78p4
[aal

June, 1998 Value

. High : 21.780;
imer

| Low : 2.93084

¥ Madinah climatic station

—— Fifth order streams — Fifth order streams

~——— Sixth order streams ~— Sixth order streams
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= Eigth order streams ——— Eigth order streams

July, 1998 Value August, 1998 sl

. High : 6.88102
Py

\ [ Low : -1.64581

3 Madinah climatic statio
— Fifth order streams
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~——— Seventh order streams

——— Eigth order streams

. High : 59.53
fr—

8 Low : 1.68279

3 Madinah climatic station™
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Figure 7: The spatial characteristics and magnitude of precipitation from the TRMM
images dated May, June, July, and August, 1998
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Through June and July, no traces of precipitation were recorded by Madinah
climatic station. However, traces of surface runoff were observed through
the satellite images acquired in the end of July. Interestingly, this surface
runoff was not originated in the upstream reaches of the major valleys in the
study area. It had been originated instead from small drainage basin located
directly southwest of Madinah boundaries (Figure 8). While no precipitation
amounts were recorded by Madinah climatic station, the TRMM image of
July 1998 clearly indicates the concentration of the highest rainfall directly
south Madinah city where the surface runoff toke place (Figure 7). This
example clearly implies the possibility of using the precipitation data of the
TRMM images in studying the spatial characteristics of flash floods and
their magnitudes. This note is well supported by studying the major flash
flood event in the end of August 1998.
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May 28, 1998

A\

e
2

July 31, 1998 |

Figure 8: Spectral signatures of surface runoff through May and July, 1998
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At the end of August 1998 (28™), intensive storm resulted in high amount
of precipitation in the order of 38.5 mm as recorded from Madinah climatic
station toke place. The only major valley that developed surface runoff is
the W. Al-Ageeq (Figure 9). The spatial distribution and magnitude of
the precipitation of the TRMM image asserts this note (Figure 7). The
precipitation of the image ranged from 1.7 to 59.5 mm with an average
of 22.9 mm. The lowest precipitation values occurred over the northern,
eastern, and southeastern valleys (Figure 7) where there are no traces of
surface runoff in the LandSat TM image dated Spetember 1, 1998 (Figure
0) through these reaches. On the other hand, the highest amounts of
precipitation were concentrated over the whole reaches of W. Al-Ageeq
in particular over Harrat Rehatt (Figure 7). The main valley of W. Al-
Ageeq orients in the north-south direction with its upstream reaches in
the south whereas the downstream reaches in the north passing through
the southern and western limits of Madinah (Figure 9). It receives surface
runoff from both eastern and western tributaries. The western tributaries
drain water from acidic igneous complexes whereas the eastern tributaries
drain water from the volcanic rocks of Harrat Rehatt. The LandSat TM
images indicate that the highest contributing upstream reaches are those
located in the eastern spatial extents. At the end of 1998 through October
and November, no traces of precipitation were recorded by Madinah
climatic station. Nevertheless, traces of slight surface runoff could be
recognized from the Landsat image acquired in December 6, 1998 (Figure
9). The TRMM precipitation images support this note where the area of
study generally receive limited amount of precipitation in October 1998
ranging from 0.0 to 2.0 mm with an average of 0.5 mm. In November, the
precipitation amounts range from 0.0 to 12.00 mm with an average of 1.3
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mm in November 1998. However, the highest amounts of precipitation in
both images are concentrated in the southwestern reaches of the study area
which might be responsible for the slight surface runoff in W. Al-Aqeeq
(Figure 10). From the above discussion, important considerations could be
outlined which include:

* The most frequently flowing valleys are W. Al-Hanakia that drains
the northern reaches of the study area, W. Al-She®aba that drains the
southeast reaches of the study area, and W. Al-Aqeeq that drain the
southwest reaches of the study area,

* Not all the drainage basins develop surface runoff in a single
rainfall event. This is may be attributed to the variation in the spatial
distribution and magnitude of the rainy storm over the study area,

* Although Madinah climatic station provided a good indication on
the reocurrence of surface runoff, however, its record still represents
a point data that could not provide the spatial distribution and
magnitude of precipitation over the entire study area. In addition, the
upstream reaches may develop a surface runoff in response to a local
rainy storm while the climatic station does not provide any record of
precipitation. In contrast, and although they are not calibrated, the
TRMM images can potentially provide better representation of the
spatial distribution and magnitude of the rainy storms that results in
surface runoff,

* According to the available record of precipitation along with the
monthly TRMM images, there is no specific threshold of precipitation
amounts that produces surface runoff,

* Both W. Al-Hanakia and W. AlAqeeq are considered the most
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frequently flowing valleys in response to variable amounts of
precipitation. This notion may be attributed to the dominance
of volcanic rocks that are capable to collect water in the volcanic
sink holes which eventually produce surface runoff in the upstream
tributaries of W. Al-Hanakia and W. Al-Ageeq valleys, and

Regarding the hazards of flash floods, two major valleys pose
potential hazards against life and property which are W. Qanah and W.
Al-Ageeq. In the downstream direction, the first passes through the
northern districts of Madinah city. It receives water from the northern,
eastern, and southeastern upstream reaches of W. Al-Hanakia, W. Al-
Mokhlatt, and W. Al-She[Jaba. The drainage basins of these valleys
occupy the majority of the study area. Accordingly, in the case of
occurring an extensive rainy storm which cover the entire area of
these drainage basins, W. Qanah develop strong surface runoff that
definitely threaten the northern district of Madinah. In contrast to W.
Qanah, W. Al-Ageeq passes through the southern and western districts
of Madinah. As the valley flow frequently in response to different
magnitude of precipitations, W. Al-Aqeeq represent potential source
of flash flood hazards.
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September 1, 1998

Qaa AlSallal

Oaa Al Sallal

December 6, 1998

Figure 9: Spectral signatures of surface runoff through in July 31, and December 6, 1998
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Figure 10: The spatial characteristics and magnitude of precipitation of the TRMM dated
October and November, 1998

The previous considerations imply the importance of both the multi-
temporal data of both Landsat TM and TRMM images for understanding
the spatial characteristics of flash floods. However, the magnitude of these
flash floods along with their hydrological processes and detailed hazards
should be studied in detailed. To perform this, the major valleys are required
to be equipped by well gauge stations to measure the speed and height
of surface runoff in these valleys, and appropriate net of climatic stations
to measure the magnitude of precipitation throughout these valleys. The
recorded magnitude of precipitation throughout the drainage basins will
help calibrate the TRMM images which could then be used to accurately
determine the total amount of surface runoff. Another gap that should be
filled is the production of fine resolution Digital Elevation Model (DEM)
to help extract the various hydrological parameters of the study area.
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CONCLUSION

The major valleys in the study area are highly qualified to develop
surface runoff that produce potential flash flood events. The spatial
characteristics and magnitudes of these flash flood events still require more
detailed study. The multi-temporal optical satellite imagery along with the
TRMM images can potentially help in the understanding of many aspects
of the spatial characteristics of the flash floods events in the study area.
Not all the valleys produce surface runoff in a single rainy storm. Although
Madinah climatic station provide good record of precipitation, however,
its precipitation records represent a limited geographic area and could not
express the spatial variability of the magnitude of precipitation over the
entire area of study. Although not calibrated, the TRMM images can help
determine the spatial variabilities of magnitude of precipitation over the
entire study area. However, to determine the magnitude of surface runoff
along with the various hydrological parameters of the study area, more
requirements should be allocated such as extra multi-temporal satellite
imagery, fine resolution Digital Elevation Model, and appropriate networks
of gauge and climatic stations over the study area. Given this, sophisticated
models of surface runoff can be developed to accurately assess the spatial
characteristics and magnitude of surface runoff for eventual maximizing
harvesting water from surface runoff, and minimizing the potential hazards
of the associated flash floods.
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