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Abstract In the present study, a morphometric and geophys-
ical analysis of three major rainwater-harvesting basins in Al-
Baha province, Saudi Arabia, has been carried out using geo-
graphical information system (GIS) techniques and geophys-
ical analysis. GIS techniques aimed to create a spatial database
for three basins, and it was used to determine most of the
morphometric parameters and stream attributes. The morpho-
metric analysis revealed that the maximum elevation in the
basins upper stream is about 2350, 2230, and 2450 m above
sea level for Al-aqiq, Medhas, and Mathalmat basin, respec-
tively. The maximum elevation decreases with steep slopes in
the three basins toward the dams’ site. The general flow direc-
tion of the streams in Al-aqiq basin goes from southwest to
northeast following the main direction of the Arabian Shield
structure; inMedhas basin, flow goes from south to north with
wide flat areas in the downstream portion of the basin and near
dam site and from southeast to west for Mathalamt basin. The
morphometric parameters of Al-aqiq basin imply that the ba-
sin has the largest area with about 309 km2; the perimeter is
about 119 km and the total stream length is about 533 km.
Medhas basin comes as a second largest area with 278 km2;
the perimeter is about 110 km and the total stream length is
about 477 km. While Mathalamt basin has an area of about
220 km2, the perimeter is about 104 km and the total stream
length is about 374 km. The three basins have medium drain-
age density with a value of 1.72 km−1 for Al-aqiq and
1.7 km−1 for Medhas and Mathalamat basins. A relief ratio
of 0.1 in Al-aqiq basin, 0.08 in Medhas basin, and 0.12 in

Mathalamt basin was noticed. These ratios indicate a high
permeable landscape in Al-aqiq and Mathalamt basins while
there is a medium permeable landscape in Medhas basin. Al-
aqiq and Mathalamt basins have a similar elongation and cir-
cularity of 0.73 and 1.85, and 0.73 and 1.8, respectively,
which indicates that the two basins have fairly elongated
shape, while elongation and circularity is estimated at 0.62
and 2.56 for Medhas basin, respectively. Drainage pattern of
Al-aqiq and Medhas basins has a high dendritic shape, while
Mathalamt basin has a simple dendritic shape. The geophys-
ical survey was performed using vertical electrical sounding
(VES) resistivity. The geophysical analysis reflected the pres-
ence of several different layers of resistance. High resistance
was more than 2000Ω at a 2-m depth due to dry river sedi-
ments in the dams’ location while in other areas because of the
presence of the basement rocks and climatic change. These
results confirm the output of the geological study and give an
indication of the state of recharge and rainwater harvesting in
the three basins.
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Introduction

Geomorphological and geophysical analysis play an impor-
tant role in understanding the geo-hydrological behavior of
the drainage basin and expressing climate, geology, and geo-
morphology of the watershed. Morphological analysis of the
drainage basin perfectly reflects the state of dynamic balance
that has been made due to the interaction between matter and
energy. The development of watershed is an ideal unit for the
management of natural resources like land and water and for
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mitigation of the impact of natural disasters for achieving sus-
tainable development. The significant factors for the planning
and development of a watershed are its physiography,
drainage, geomorphology, soil, land use/land cover,
and available water resources. Remote sensing and GIS
are the most advanced tools for watershed development,
management, and studies on prioritization of micro-
watersheds for development (Magesh et al. 2013;
Magesh and Chandrasekar 2014; Mahmoud 2014a;
Mahmoud et al. 2014a, 2015). Morphometric analysis could
be used for prioritization of micro-watersheds by studying
different linear and aerial parameters of the watershed even
without the availability of soil maps (Biswas et al. 1999). The
morphometric analysis is a significant tool for prioritization of
micro-watersheds even without considering the soil map
(Biswas et al. 1999; Magesh et al. 2013; Magesh and
Chandrasekar 2014). Drainage patterns refer to a spatial rela-
tionship among streams or rivers, which may be influenced in
their erosion by inequalities of slope, soils, rock resistance,
structure, and geologic history of a region.

Shoreline characteristics and other morphological features
of a lake or stream is important because the morphology
affects nearly all major physical, chemical, and biological
properties that we measure in lakes. For example, information
on morphometry is needed to investigate erosion, nutrient
loading rates, chemical mass, heat content, thermal stability,
biological productivity and growth, and other ecosystem
structures and function in lakes. Hayes and Anthony (1964)
found that for 150 North American lakes, fish productivity
could be directly related to mean depth and surface area.
Schindler (1971) explained differences in the trophic status
among a group of neighboring lakes in Ontario by differences
in surface area, lake volume, and drainage area.

The morphometric analysis of a drainage basin, along with
the prevailing climate, geology, and geomorphology of the
basin, plays a vital role in understanding the hydrogeological
behavior of the drainage basin (Strahler 1964). Horton (1945)
proposed empirical relations between landform characteristics
and the controlling variable of climate, hydrology, vegetation,
and soil properties. That was the basis of the quantitative de-
scription of the form and process of the drainage basin net-
work and their interrelationships. Earlier morphometric anal-
ysis have been performed by a number of researchers using
topographic maps (Azab 2009 and Ismail et al. 2010), remote
sensing, and GIS (Masoud 2004; El-Maged et al. 2010;
Arnous et al. 2011; Youssef et al. 2011; Magesh et al. 2013;
Elewa et al. 2012; Magesh and Chandrasekar 2014).

Surface electrical resistivity surveying is based on the prin-
ciple that the distribution of electrical potential in the ground
around a current-carrying electrode depends on the electrical
resistivity and distribution of the surrounding soils and rocks
(Wightman et al. 2003). The resistivity of soils and rocks is
governed primarily by the amount of pore water, its resistivity,

and the arrangement of the pores (Wightman et al. 2003). To
the extent that differences of lithology are accompanied by
differences of resistivity, resistivity surveys can be useful in
detecting bodies of anomalous materials or in estimating the
depths of bedrock surfaces (Wightman et al. 2003). In coarse,
granular soils, the groundwater surface is generally marked by
an abrupt change in water saturation and thus by a change of
resistivity. In fine-grained soils, there may be no such resistiv-
ity change coinciding with a piezometric surface. The resis-
tivity of a soil or rock is controlled primarily by the pore water
conditions; there are wide ranges in resistivity for any partic-
ular soil or rock type, and resistivity values cannot be directly
interpreted in terms of soil type or lithology (Wightman et al.
2003). Because of its potential to detect changes in pore water
salinity, the surface electrical resistivity method can be a valu-
able aid in coastal groundwater exploration and investigations
(Urish and Frohlich 1990). Electrical resistivity of the soil can
be considered as a proxy for the spatial and temporal variabil-
ity of many other soil properties such as structure, water con-
tent, or fluid composition (Samouëlian et al. 2005). Electrical
resistivity surveying has been applied in various fields like
groundwater exploration, agronomical management, landfill,
and solute transfer delineation, by identifying areas of exces-
sive compaction or soil horizon thickness and bedrock depth
(Samouëlian et al. 2005). Michot et al. (2003) conducted an
electrical resistivity study in the Beauce region of France dur-
ing a period of corn crop irrigation to monitor soil water flow
over time.

Study area

Three basins were selected (Al-aqiq, Medhas, andMathalmat)
to implement this study due to the considerable divergence in
their topography and climate. The climate, in general, falls in
the arid zone classification. Relative humidity varies between
52 and 67 % with temperatures ranging between 12 and 23 °C
as minimum and maximum, respectively. These three basins
lie in Al-Baha province, which is the smallest province in the
kingdom of Saudi Arabia (Mahmoud et al. 2014b). Rainfall in
Al-Baha province is much higher than Saudi average, yet it
ranges between 200 and 600 mm/year (Mahmoud and Alazba
2014; Mahmoud et al. 2014c). Al-Baha region is situated in
Hejaz, western part of KSA (41° 42 E and 19° 20 N) between
the Holy Makah and Asser. Al-Baha province combines 25
rainwater-harvesting and groundwater recharge dams
(Mahmoud and Alazba 2014). According to their percentage,
70 % of these dams were established for groundwater re-
charge; from these dams, Medhas (41.276005 E and
20.221182 N) and Mathalamat dam (41.318588 E and
20.17281 N) were selected to be included in the study. This
is justified because the groundwater resources are depleted in
the area around the dams before the construction initiated
(Mahmoud and Alazba 2015).
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Such depletion across the years hindered all the agriculture
activities in the area since the main source of water is that
obtained from groundwater wells. Furthermore, it was re-
vealed that only 4 % of dams are for irrigation purposes and
other activities, which are taking place around the dams’ lake,
and 12% for flood control. In addition, 14% of the damswere
established for drinking purposes; a good example of these
dams is Al-aqiq dam (41.5708 E and 20.2367 N) which was
included in this study. Al-aqiq dam has secured drinking water
for Al-Baha region and therefore promote the development
and progress in the region during the last decades, in addition
to securing people’s life and avoiding any danger related to
any unpredictable flood events which were the dominant risk
for all people around the dam basin. Moreover, Al-aqiq dam
has played a great role in sorting and benefiting from water
during drought period

The three dams and their basins (Fig. 1) were classified as
an ideal example of excellent rainwater-harvesting and
groundwater recharge structure in the kingdom according to
Mahmoud and Alazba (2014) and Mahmoud et al. 2014c.
Mahmoud (2014b) conducted a study to delineate potential
suitable sites for groundwater recharge in Al-Baha prov-
ince; the output of this study was a thematic map that
identifies the excellent locations for water storage and
harvesting. According to this, Al-aqiq, Medhas, and
Mathalamt dams also were found to be in excellent locations
for their purposes.

The study area and the Kingdom of Saudi Arabia in general
were not subjected before for any previous studies concerning
morphometric parameters or geophysical analysis and their
relations to rainwater harvesting. Therefore, the main purpose
of the present study is to determine the morphometric param-
eters for the selected three basins to understand their hydro-
logical behavior in addition to a geophysical analysis aimed to
investigate the following questions:

& What types of ground water reservoirs are located in the
three basins?

& What type of sediment is located and if there is any impact
for the type of sediment on water flow?

& Is there any evidence for groundwater recharge to deep
aquifers?

Geological structure setting

The geological map of the three basins was extracted from
Saudi Arabia geological map f, which was obtained as a
scanned map in TIFF format from the Geodesy and Land
Survey Department. GIS is used to rectify the data and to
create thematic layer; the geological map of the basins con-
tains different geological sedimentary formations with some
faults crossing the basin area, the selected basins. The geology

of the studied basins includes Precambrian and Quaternary as
shown in the geological map (Fig. 2).

Methodology

Morphometric analysis

The drainage map of the three basin areas was extracted
from SRTM data obtained from King Abdellaziz City
for Science and Technology. Thirty-meter resolution
DEM was used for the generation of aspect grid and
slope maps. ArcGIS 10.1 software was used to extract
drainage network from SRTM data. Pour points were
selected to delineate the basin boundary from the main
dam’s wadi. The drainage order and all the watershed
parameters were classified according to Strahler’s method.
Table 1 shows the morphometric parameters and formulae
used for calculating the morphometric parameter in this
study.

Geophysical analysis

Geophysical survey was conducted in the three basins using a
straight line of 18 electrodes; the distance between each two
electrodes was 5 m using Schlumberger–Weiner method.
Then the geophysical data is converted from tabular data to
shapefile format. Locations of the geophysics data were then
allocated on the map with respect to the basin and dam loca-
tion. The red spots on the map are the vertical electrical sound-
ings (VES).

Field work and data processing

The geophysical survey was performed using vertical electri-
cal sounding (VES). Resistivity measurements are carried out
in the study area through ground geophysical work. The loca-
tion of the resistivity VES points was adjusted in the field
using the Global Positioning System (GPS). A total of nine
vertical electrical soundings (VES) were used in each ba-
sin. The main objective of the vertical electrical sounding
is to deduce the variation of resistivity with depth and to
correlate that with the geological information in order to
infer the depths and resistivity of the layers present. An
ELREC-T instrument manufactured by BRGM, France,
was used to carry out the measurements of VES. The
ELREC-T (Fig. 3) is a high-power electrical equipment
designed for AC/DC electrical exploration and includes a
transmitter and receiver in one single unit. ELREC-T has
internal batteries for the supply of its electronic circuits.
The power source is a motor generator 220 V −5.0 Hz
supplied 1200 W AC/DC converter, and the output volt-
ages available on this converter are 50, 100, 200, 400, and
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800 V, and the maximum current available on each volt-
age is 2.5 A. The measurement is made fully automatic
through the control of a microprocessor, automatic self-
potential correction, automatic ranging, and digital stacking
for signal enhancement.

The maximum current electrode spacing (AB/2) in the
Schlumberger arrangements reached 500 m, while the

intensity of the measurements was about six readings per de-
cade at AB/2 values of 3, 4, 6, 8, 10, 15, 20, 30, 40, 60, 80,
100, 150, and 200 m. Most field curves were composed of
only two or three segments. The first segment was obtained by
expanding AB/2 from 10 to 100 m with MN/2 held between
0.5 to 20 m. The second segment expands from AB/2 for 100
to 200 m and for MN/2 between 10 and 20 m.

Saudi 
Arabia
Inland water

Roads

Railroads

Major RWH/GWR dams and 
basins in Al-Baha province 

Selected basins

Fig 1 Location map of the study
area
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Fig 2 Geology of the studied
basins

Table 1 Linear relief and areal morphometric parameters

S. no. Parameters Formulae References

1 Stream order (u) Hierarchical rank Strahler (1964)

2 Total stream length (Lu) Summation of all stream’s lengths Horton (1945)

3 Maximum stream length Length of the stream Horton (1945)

4 Mean stream length (Lsm) Lsm=Lu/Nu Strahler (1964)

5 Basin area, km2 Measured in ArcGIS

6 Stream length ratio (RL) RL=Lu/lu-1 Horton (1945)

7 Basin length Measured in ArcGIS

8 Basin slope The change in elevation divided by the distance

9 Maximum flow distance, m Including both overland and channel flow

10 Maximum flow slope, m/m The slope of maximum flow distance

11 Centroid stream distance, m The distance from centroid of the basin to the outlet point

12 Centroid stream slope, m/m The slope of centroid stream distance

13 South aspect ratio, % The percentage of the basin aspect directed to the south

14 North aspect ratio, % The percentage of the basin aspect directed to the north

15 Maximum stream slope The slope of maximum stream length

16 Circularity ratio (Rc) Rc=4πA/P2 Strahler (1964)

17 Mean basin elevation Measured in ArcGIS

18 Basin centroid X Measured in ArcGIS

19 Sinuosity factor Si=Lm/Lb Gregory and Walling (1973)

20 Basin centroid Y Measured in ArcGIS

21 Perimeter (P) Measured in ArcGIS

22 Average stream slope Measured in ArcGIS

23 Shape factor (circularity) Si=Lb2/A Horton (1945)

25 Drainage density D=SLu/A Horton (1945)

26 Relief (R.) Measured in ArcGIS

27 Relief ratio (Rr) Rr=R/Lb Schumm (1956)

28 Elongation Re=2(A/π)0.5/Lb Schumm (1956)

29 Rainwater-harvesting suitability GIS-decision support system Mahmoud et al. 2014c

30 Groundwater recharge suitability GIS-decision support system Mahmoud 2014b
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Data acquisition and processing

Resistivity survey is conducted using vertical electrical sound-
ing (VES) at nine locations at each basin. The field data were
re-examined as individual sounding, and a tremendous effort
was expended to recover the unacceptable errors in the appar-
ent resistivity curves. Using a special computer program, the
following procedures were applied to achieve the possible
correction to the resistivity curves:

& Re-calculation of the resistivity measurements taken at
AB/2, MN/2 values which do not satisfy Schlumberger
configuration. The recovery of such measurements was
achieved by the re-calculation of the proper geometrical
factor.

& Rejection of the distinct noise measurements caused by
extremely large AB/2 values and corresponding extremely
small MN/2 values (e.g., 15, 0.5; 90, 3, etc)

& Careful interpolation between widely spaced points on the
bilog plot especially at the lower AB/2 values of each
decade.

& Rejection of the improper overlapping measurement
curves at the same AB/2 values when increasing the
MN/2 values.

Four software programs were applied in the process to
obtain resistivity data mainly area RINVERT, RESIX, IP2D,
and Surfer software. Sounding curve analysis aims to obtain
the equivalent subsurface layering model for each of the ap-
parent resistivity curves. The resistivity data was interpreted
using evolutionary programming technique based on global
optimization. This operation was automatically carried out
using the advanced computer software RINVERT and
RESIX programs. Boundaries between geoelectric layers
were determined by the midpoint method. The boundary sep-
arating the shallow, high-resistivity zone from the shallow,
low-resistivity zone was determined by finding the midpoint
between the maximum value of the first peak and the

minimum value of the trough. Except for the lower limit of
the deep layer, all other boundaries were determined similarly.

Result and discussions

Field survey of past and recent RWH structures in Al-Baha
was conducted through three different approaches, namely a
review of the literature, data collection through observations,
and interviews with farmers using a semi-structured question-
naire. The field survey focused on the following: the type of
RWH practiced by farmers, experiences and constraints, du-
ration of water storage, drought periods, and farmers’ deci-
sions during the drought periods. ArcGIS was used to create
a spatial database forWadis, and it was used to determine most
of the morphometric parameters or basin and stream attributes.

Figure 4 illustrates the process of generating the morpho-
metric parameters of Al-aqiq dam basin, which is one of the
major dams in Baha region, after locating the dam site as the
outlet. The maximum elevation in the upper stream is about
2350 m above sea level, and it decreases with steep slopes to
1635 m at dam site; mean basin elevation is about 1963 m.
The general flow direction of the streams goes from southwest
to northeast following the main direction of the Arabian
Shield structure; wide flat area is in the downstream portion
of the basin and near dam site.

Figure 5 illustrates the digital elevation model and the
drainage network of Medhas dam basin, which is one of
Aradah Underground Dams. After locating the dam site as
the outlet, the maximum elevation in the upper stream is about
2230 m above sea level and it decreases with steep slopes to
1768 m at dam site; mean basin elevation is about 2122 m.
The general flow direction of the streams goes from south to
north. Wide flat area is in the downstream portion of the basin
and near dam site.

Figure 6 illustrates the process of generating the morpho-
metric parameters of Mathlamat dam basin, which is one of
Aradah Underground Dams. After locating the dam site as the
outlet, the maximum elevation in the upper stream is about
2450 m above sea level and it decreases with steep slopes to
1850 m at dam site, mean basin elevation is about 2159 m.
The general flow direction of the streams goes from southeast
to west. Flat area is in the downstream portion of the basin and
near dam site.

Table 2 shows the different morphometric parameters of
the three basins; morphometric parameters of Al-aqiq basin
imply that the basin has a large area of about 309 km2; the
perimeter is about 119 km and the total stream length is about
533 km. Medium drainage density has a value of 1.72 km−1

and medium relief ratio of 0.1 indicating a high permeable
landscape. Elongation and circularity of the basin are estimat-
ed at 0.73 and 1.85, respectively, which indicates that the

Fig 3 ELREC T instrument and GPS components
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Fig 4 Watershed analysis and morphometric parameters development for Al-aqiq basin
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Fig 5 Watershed analysis and morphometric parameter development for Medhas basin
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Fig 6 Watershed analysis and morphometric parameter development for Mathalamat basin
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basin has a fairly elongated shape. The drainage pattern of the
basin has a high dendritic shape.

The morphometric parameters of Medhas basin imply that
the basin has very large area of about 278 km2; the perimeter is
about 110 km and the total stream length is about 477 km.
Medium drainage density has a value of 1.7 km−1 and medium
relief ratio of 0.08 indicating medium permeable landscape.
Elongation and circularity of the basin are estimated at 0.62
and 2.56, respectively, which indicates that the basin has fairly
elongated shape. The drainage pattern of the basin has a high
dendritic shape.

While the different morphometric parameters ofMathlamat
basin imply that the basin has an area of about 220 km2, the
perimeter is about 104 km and the total stream length is about
374 km.Medium drainage density has a value of 1.7 km−1 and
high relief ratio of 0.12 indicating a high permeable landscape.
Elongation and circularity of the basin are estimated at 0.73
and 1.8, respectively, which indicates that the basin has fairly
elongated shape. The drainage pattern of the basin has a sim-
ple dendritic shape.

The geophysical analysis reflected the presence of several
different layers of resistance. High resistance was more than
2000Ω at a 2-m depth due to dry river sediments in the dams’

location while in other areas because of the presence of the
basement rocks and climatic change. The three models repre-
sent three stages of processing and interpretation of
geoelectrical data (Fig. 7) for the three basins.

Brown and red colors give an indication of the high values
of the resistivity to the presence of granitic basement rocks.
The red high-resistivity unit more than 1000 Ωm can be ob-
served in the bottom in (Fig. 7) for Al-aqiq basin (Fig. 7a) as a
dominant part and represents a small partition inMedhas basin
(Fig. 7b) while there is a medium present for the high resis-
tivity in Mathalamt basin (Fig. 7c). The yellow medium-
resistivity unit (198–794 Ωm) can be seen in Al-aqiq basin
(Fig. 7a3), while there is a limited existence for the yellow
medium-resistivity in the other basins.

Blue color indicates low-resistivity values because they
contain mud or water logging, while the green color signifies
medium-resistivity values often representing deposits of lime-
stone and clay relatively saturated with water. The green/blue
low/medium-resistivity unit (2.68–17.9 Ωm) in Fig. 7c is not
visible in Mathalamt basin, but is present in the Medhas basin
which gives an indication of groundwater recharge and
confirms the obtained results by Mahmoud (2014b) and
Mahmoud et al. (2014c) that Medhas basin is an excellent

Table 2 Results of the
morphometric analysis S. no. Parameters Units Al-aqiq basin Medhas basin Mathlamat basin

1 Basin area km2 309 278 220

2 Total stream length (km) km 533 477 374

3 Basin slope m/m 0.165 0.186 0.181

4 Maximum flow distance m 35263 38673 27491

5 Maximum flow slope m/m 0.020 0.018 0.023

6 Centroid stream distance m 19548 18709 10298

7 Centroid stream slope m/m 0.011 0.007 0.011

8 South aspect ratio % 0.448 0.464 0.468

9 North aspect ratio % 0.552 0.536 0.532

10 Maximum stream length m 34723 38118 26936

11 Maximum stream slope m/m 0.019 0.017 0.021

12 Basin length m 23960 26664 20086

13 Shape factor (circularity) mi2/mi2 1.860 2.560 1.830

14 Sinuosity factor msl/l 1.450 1.430 1.340

15 Perimeter m 118744 109829 104297

16 Mean basin elevation m 1963 2122 2159

17 Basin centroid X m 762292 745532 747041

18 Basin centroid Y m 2230158 2227986 2226317

19 Average stream slope m/m 0.062 0.067 0.066

20 Drainage density km−1 1.724 1.716 1.701

21 Relief m 2350 2230 2450

22 Relief ratio 0.098 0.084 0.122

23 Elongation 0.734 0.625 0.738

24 Rainwater-harvesting suitability Excellent Good Excellent

25 Groundwater recharge suitability Good Excellent Moderate
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Fig 7 Geophysical analysis for the selected basins: a Al-aqiq basin, b Medhas basin, c Mathlamat basin
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location for groundwater recharge. These results can also be
confirmed by the morphometric parameters for the three ba-
sins. Hence,Medhas basin has a medium drainage density and
basin slope of 0.186, in addition toMathalamt basin which has
the highest drainage density of the three basins and comes
second on basin slope 0.181, and there is no green/blue low/
medium resistivity unit (2.68–17.9 Ωm). That means this ba-
sin is not suitable for groundwater recharge as an option ac-
cording to the geophysical analysis there is no indication for
that, but rainwater harvesting seems to be an ideal option
according to Mahmoud (2014b).

Al-aqiq basin has very high values of resistivity due to the
presence of granitic basement rocks. The red high-resistivity
unit more than 1000 Ωm can be observed in the bottom and
confirms its uses as a drinking source as reported by
Mahmoud (2014b). The top of all the profile in Fig. 7a makes
it clearer as Al-aqiq basin has a very high resistivity of more
than 2000 Ωm in the surface.

Field observations, as well as geological map, suggest the
presence of several major faults in the area. The presence of
these faults will likely assist the surface water infiltration to
the ground as it is clearly seen in geophysical analysis for
Medhas basin in Fig. 7. Furthermore, an inferred infiltration
zone is present in the central unit (yellow), where numerous
faults are found in the basin. This will also contribute to the
recharge of deeper aquifers. Hence, the ground water is prob-
ably infiltrating deeper aquifers, a process that is associated
with the numerous faults that are present in the basin and the
existence of dry river sediments. The clay and silt soil have
moderate ability to transport quantities of water to the ground,
as the surface water is infiltrating down to the groundwater in
the Medhas basin but still in the surface in Al-aqiq basin. This
means that there is no sediment on top of Al-aqiq basin and
almost no infiltration, but some water may have infiltrated the
fractures in the basin. Furthermore, the main flow occurred as
surface water.

Conclusion

Geomorphological and geophysical analysis merged with
remote sensing has proven to be an efficient tool for
understanding the geo-hydrological behavior of the
drainage basin and expressing climate, geology, and
geo-morphology of the watershed. The developed mor-
phometric parameters of the three basins and the geo-
physical analysis revealed that the maximum elevation
in the basin’s upper stream is about 2350, 2230, and
2450 m above sea level for Al-aqiq, Medhas, and
Mathalmat basins, respectively. The maximum elevation
decreases with steep slopes in the three basins toward the
dams’ site. The general flow direction of the streams in
Al-aqiq basin goes from southwest to northeast following

the main direction of the Arabian Shield structure; in
Medhas basin, flow goes from south to north with wide
flat areas in the downstream portion of the basin and
near dam si te and from southeas t to west for
Mathalamt basin. The morphometric parameters of Al-
aqiq basin imply that the basin has the largest area with
about 309 km2; the perimeter is about 119 km and the
total stream length is about 533 km. Medhas basin comes
as a second largest area with 278 km2; the perimeter is
about 110 km, and the total stream length is about
477 km. While Mathalamt basin has an area of about
220 km2, the perimeter is about 104 km and the total
stream length is about 374 km. The three basins have
medium drainage density with a value of 1.72 km−1 for
Al-aqiq and 1.7 km−1 for Medhas and Mathalamat ba-
sins. A relief ratio of 0.1 in Al-Aqiq basin, 0.08 in
Medhas basin, and 0.12 in Mathalamt basin was noticed.
These ratios indicate a high permeable landscape in Al-
aqiq and Mathalamt basins while there is a medium per-
meable landscape in Medhas basin. Al-aqiq and
Mathalamt basins have a similar elongation and circular-
ity of 0.73 and 1.85, and 0.73 and 1.8, respectively,
which indicates that the two basins have a fairly elongat-
ed shape, while elongation and circularity are estimated
at 0.62 and 2.56 for Medhas basin, respectively.
Drainage pattern of Al-aqiq and Medhas basins has a
high dendritic shape, while Mathalamt basin has a simple
dendritic shape.

The geophysical analysis reflected the presence of several
different layers of resistance. High resistance was more than
2000Ω at a 2-m depth due to dry river sediments in the dams’
location while in other areas because of the presence of the
basement rocks and climatic change. The three models repre-
sent three stages of processing and interpretation of
geoelectrical data for the three basins. The green/blue low/
medium-resistivity unit (2.68–17.9 Ωm) which was present
in Medhas basin gives an indication of groundwater
recharge and confirms the obtained results by Mahmoud
(2014b) and Mahmoud et al. (2014c) that Medhas basin is
an excellent location for groundwater recharge, while
Mathalamt basin has the highest drainage density of the three
basins and comes second on basin slope 0.181, and there is no
green/blue low/medium-resistivity unit (2.68–17.9 Ωm). That
means this basin is not suitable for groundwater recharge as an
option according to the geophysical analysis there is no indi-
cation for that, but rainwater harvesting seems to be an ideal
option according to Mahmoud (2014b). Al-aqiq basin has
very high values of resistivity due to the presence of granitic
basement rocks. Surface water infiltration to the ground is
clearly seen in the geophysical analysis in Medhas basin.
Furthermore, an inferred infiltration zone is present in the
central unit (yellow), where numerous faults are found in the
basin. This will also contribute to the recharge of deeper

9970 Arab J Geosci (2015) 8:9959–9971



aquifers. In Al-aqiq basin, there is no evidence of infiltration
to the deep aquifer.
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