
Flood-hazard mapping of The Hafit Mountain slopes – The eastern
province of United Arab Emirates (U.A.E.)
Torab, M. M.

This paper deals with the implication of gulling erosion as a result of flash floods by using the following
techniques: field geomorphological mapping; flood-hazard mapping; morphometric analysis; visual
landsat image interpretation; and geographical information systems.
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Introduction

The Hafit Mountain is an elongated anticlinal chain,

lies in the eastern portion of U.A.E., as a part of the Oman

folded mountain system. Hafit carbonate mountain extents

in a north / south direction for about 15 kilometers, the

maximum height reaches to 1163 meters. It lies near

Al-Ain area, one of the largest and most ancient oases of the

Arabian Peninsula (figure1).

The total study area included the surrounded piedmont

plains, bajada (bahada) landforms and built up area

(Al-Ain City), not more than 600 kilometers squares

(20x30 kilometers).

Figure 1: Location of the Study area

The Hafit Mountain slopes are divided by numerous

radial gullies, short streams and some modifided channels

into a parallel drainage pattern, and sticks to local linea-

ments and strikes of steeply dipping carbonate rocks. These

drainage systems separated the mountain slopes into sharp

hogsback ridges and blocks, and certainly developed under

more wet climatic conditions than the present dry climate

(figure2 and 3).

Figure 2: Geographical characteristics of the Hafit

mountain area.

Goals and Objectives

The goal of this paper is to create an accurate

flood-hazard map, and tries to allocate areas of risk caused

by flood conditions. It creates easily-read, rap-

idly-accessable maps which help planners define areas of

hazards to reduce their effects.

Geographic information systems (GIS) provide a

method to address common environmental problems, in-

cluding flash floods in arid areas. This study deals with the

implication of flood-hazard mapping caused by gulling ero-

sion, by using Geographical Information Systems as well as

the following techniques:

� Field geomorphological mapping.

� Visual landsat image interpretation.

� Drainage basin morphometric analysis.

� Flood-hazard mapping.

Methods

The initial data used for this study was obtained from

two sources. The first includes contour data from topo-

graphical maps (Scale 1:50,000), as well as landuse such as:

building, roads, farms, gardens etc. The second data source

was derived from Landsat images (scale 1:100,000 - accu-

rate to two metres) (figure3).
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1. The first step in overlaying different data
sources for comparison and analysis would be to
georeference them.

2. The second step was to creat the
geomorphological map and land-use maps for the
study area.

3. The third step was calculate morphometric
factors for major flood channels and gullies.

4. The last step was to create flood-hazard map
depending upon overlaying and comparison of
different data maps.

Figure 3: General Morphology of The Hafit area.

Geological Conditions

The Hafit mountain is primarily composed of

interbedded carbonate and evaporated formations of Lower

Eocene to Miocene age. The rocks are mainly limestones

and marls interbedded with gypsum and dolomite. The av-

erage thickness is about 1,500 meters.

The Hafit Mountain is a pitching fold - part of the

Oman mountains. It has a doubly plunging, asymmetrical

anticline, which trends north-south. The asymmetry of the

fold is characterized by a steep dipping to the overturned

eastern limb and a more gently dipping western limb. The

outcrop is bounded by thrust faults, a major thrust to the

west and a conjugate back thrust to the east (Cherif and

El-Deeb, 1984 , Abou El-Enin, 1993).

The Hafit Mountain is cut by numerous normal

sub-vertical faults and fractures. The fault system is ex-

posed at the outcrop strike perpendicular to the axis of the

major fold, or from north-east and north-west trending con-

jugate sets (photos 1 and 2).

Photo 1: Steep scarp (Hog back) near western slopes of

the Hafit mountain which cut by numerous gullies.

Photo 2: Meandering road to summit of the Hafit moun-

tain (After: Vine, 1998, p.77)

Meteorological data and Flood events

Meteorological data of Al-Ain city shows that short pe-

riods of heavy rainfall occur between January and February

as a result of unstable air with high humidity. The rainfall

amount during last the 10 years was in the range up to 400

mm. The strongest flood event occurred in February 1993,

with precipitation ranging between 30 mm to 90 mm, it re-
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sulted in some damage to buildings, roads, farms and

gardens. The highest risk zone lies in the eastern footslopes

of the eastern ridge of Hafit mountain (Al-Shamsei, 1993).

The spatial gullies effect is localized, modifying the

overall landscape during single events in cultivated and ur-

ban landuse areas. Such events can be a major cause of

erosion and damage, but we can use this great amount of

water in agriculture (photos 3 and 4).

Photo 3: One of the drainage basins in the area of study.

Photo 4: Part of the main road to summit of the Hafit

mountain.

The Concept of Flood-Hazard Mapping

Flood-hazard mapping deals with providing

flood-plain information for planning and management pro-

grams. The major useage of flood-hazard mapping to

suggest development plains in flood areas, maintenance of

stream channel cross-sections and preserve ground-water

recharge during flood events (Sheaffer et al., 1983).

Results

Geomorphological Maps:

The geomorphological mapping was based on visual

landsat image interpretation as well as the field observation.

It consists of the major geomorphological features in the

following layers (figure 4 ):

1. Types of ridges layer (figure5).

2. Drainage system layer (figure6).

3. Sand dunes layer.

Figure 4: Geomorphological Map of the Hafit area

Figure 5: Types of ridge layer
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Figure 6: Drainage system layer

Landuse Map:

The landuse mapping was based on visual landsat im-

age and field observation. It consists of the following layers

(figure 7):

1. Buildings layer.

2. Under construction area layer.

3. Roads layer.

4. Farms layer.

5. Gardens layer.

Figure 7: Landuse Layers

Relationship Maps:

The relationship maps were created from compari-

son between geomorphological and landuse maps. We got

the following two maps:

1. Relationship between drainage system and landuse

map (figure 8).

2. Relationship between sand dunes and landuse map

(figure9).

Figure 8: Relationship between drainage system and

landuse map

Figure 9: Relationship between sand dunes and landuse

map.
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Morphometric analysis of Drainage Basins:

The flash flood-hazard wadis were determined and

mapped for most basins in the Hafit mountain area. These

maps may prove to be very important for infrastructure

planning and preservation of the ground-water. The Hafit

mountain slopes consisted of the following small drainage

basins (figure10) :

1. Al-Ain basin (No.1).
2. Tarabat basin (No.2).
3. Al-Ain Al-Fayda basin (No.3).
4. Al-Ashkhar basin (No.4).
5. Milehah basin (No.5).

Fig 10: Drainage basins of the Hafit Mountain area (Af-

ter: Al-Shamsei, 1993, p.88)

The morphometric parameters were calculated for

each basin based upon (Strahler, 1954) stream network or-

dering method :

The most dangerous areas are identified based on the

calculated parameters of the basins and buffers (table 2 and

figure12), where the probability of flood risk increase in the

basins which have the following parameters (El-Shamey,

1995):

1. Decrease of bifurcation ratio.

2. Increase of frequency number.

3. Increase of drainage density.

Table 2: Indications of morphometric analysis results

Basin

No.
B.R. F D Mean Risk

1 H 2 V.L. 5 M 3 M 3.33

2 M 3 V.H. 1 V.H. 1 V.H. 1.67

3 V.H. 1 M 3 H 2 H 2

4 V.L. 5 L 4 V.L. 5 L 4.67

5 L 4 H 2 L 4 M 3.33

Where: V.H. (1) = Very high probability of flood risk. H (2) = High

probability of flood risk. M (3) = Medium probability of flood risk.

L (4) = Low probability of flood risk. V.L (5)= Very low probability

of flood risk.

Results calculated from morphometric analysis show

that basins with high probability of flash flood-hazards are

basins no. 2 & 3, as compared to others in the

sub-watersheds of the Hafit mountain basins. These indica-

tions are used in creating the flood-hazard map (figure12).

Conclusion

Creating flood-hazard maps serve a major purpose for

attempts to identify what areas are in danger under varying

flood conditions (figure12).
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Table 1: Results of morphometric analysis of the Hafit drainage basins

Basin

No.

Total stream number Mean stream length (km)

T.S.L.

Basin

area

(km2)

B.R. F D
1st 2nd 3rd 4th 1st 2nd 3rd 4th

1 34 9 2 1 1.73 5.22 1.72 12.24 121.48 75.17 3.42 0.62 1.61

2 43 13 4 1 1.42 3.64 3.83 9.47 133.17 37.20 3.52 1.64 3.58

3 10 3 1 0 0.97 1.74 3.63 0 18.55 9.80 3.17 1.43 1.89

4 43 11 1 0 0.84 2.31 7.62 0 69.15 49.70 7.46 1.11 1.39

5 46 15 5 1 0.87 1.1 4.63 6.92 86.59 55.35 3.69 1.54 1.56

Where: Bain No.= Basin number. 1
st
= First order steams. 2

nd
= Second order streams. 3

rd
= Third order streams. 4

th
= Forth order streams. T.S.L

= Total stream length (km). B.R. = Bifurcation ratio: (relationship between stream number of stream order to above order). F =Frequency num-

ber: (relationship between steam number to basin area). D= Drainage density : (relationship between total stream length to basin area).



Fig 11: Stream orders of the Hafit mountain area

(Stream network after: Al-Shamsei, 1993,p.84 &

Stream ordering according to Strahler, 1954,p.344)

References:

Abou El-Enin, 1993: Rock-weathering in Jabal Hafit to the
south Al-Ain city, United Arab Emirates, Kuwait Univ.
Geog. Dept. Bull., No.153, 46 p.

Al-Shamsei, M.H., 1993: Drainage basin and flash flood
hazards in Al-Ain area, United Arab Emirates, M.A.
thesis, Faculty of Science, U.A.E.Univ, Al-Ain, U.A.E.,
129 p.

Bryant, E., 1991: Natural Hazards, Cambridge University
Press, Cambridge, 276p.

Cherif, O.H. and El-Deeb,W.M.Z., 1984: The Middle
Eocene-Oligocene of the Nothern Hafit, Geol. Medi.
Tome XI, pp.207-217.

El-Shamey, I.Z., 1995: The Control of floods in dry lands,
conference of water in Arab world, Egyptian Geog. Soc.
(In Arabic language), pp.61-81.

Khalifa, M.A., Without date: Hydrogeology of the geother-
mal fractured-rock well field at Jabal Hafit, Abu Dhabi
Emirate, Internal unpublished report in: National
Drilling Company, Al-Ain, U.A.E., 19p.

Sheaffer, J.R., Davis, W.E., and Spieker, A.M., 1983:
Flood-Hazard mapping in Metropolitan Chicago, in:
Environmental Geology, Editting by: Tank, R. W.,Ox-
ford University Press, New York, pp.249-263.

Vine, P., 1998: UAE in focus, a photographic history of the
United Arab Emirates, Trident Press Ltd, U.K., 300P.

44 SoC BULLETIN Vol 36 No 2

5 K.M.

1st.order

2nd.order

3rd. order

4th. order

N.

Water divide

Figure 12: Flood-hazard map of The Hafit mountain

area


