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ABSTRACT

The objective of this study is to survey natural resources and to assess environmental changes induced by human activities
(industrial, socio-economic, and recreational) and the associated impacts on Manifah and Tanagib coastal zones in eastern Saudi
Arabia. A review of the relevant literature was carried out at both the local and regional levels, in order to define the characteristics
of the coastal zones and their vulnerability to pollution and environmental stress.

To achieve the main objective of this study, the scientific techniques of Remote Sensing (RS) and Geographic Information Systems
(GIS), along with a field survey were used to gather data, investigate, assess and determine the main environmental problems and
trends associated with development activities over time. In order to develop an environmental database including land use changes,
existing data and field observations, the multi-temporal study was based on two sets of satellite imagery, Landsat-TM of 1991 and
2000. Furthermore, environmental impacts of the human activities were assessed using Leopold Matrix method.

The land use changes occurring during the last nine years in the study area indicate that the coastal zones of Manifah and Tanagib
were experiencing many environmental problems, due mainly to the following factors:
e Persistence of Oil spill area (which has affected the study area in 1991).
e Decrease of Sabkha area and Salt Marsh area.
e Increase of sea waters and sand areas.
e  Degradation of the coastal biodiversity due to various activities including land-based, as well as marine-based
sources.

Similarly, the application of Leopold Matrix indicates that oil spills were the main source of pollution, followed by municipal and
industrial solid waste, construction sites, oil pipelines, airport location, and land filling and coastal reclamation.

RESUME

Le but ultime de cette étude est d’inventorier les ressources naturelles et d’évaluer les changements environnementaux induit par les
activités humaines (industrielles, socio-économiques, et touristiques) ainsi que les éventuels impacts sur les zones cotieres de
Manifah et Tanagib a I’est de 1’ Arabie Saoudite. Une revue bibliographique détaillée a été faite au niveau régional et local, en vue de
déterminer les caractéristiques des zones cotieres ainsi que leur vulnérabilité a la pollution et aux pressions environnementales.

Les techniques scientifiques de télédétection et des systemes d’information géographique, de concert avec les observations de terrain
ont été utilisées pour acquérir les données, faire des investigations, évaluer et déterminer les principaux problémes
environnementaux, et les tendances associées aux activités de développement dans le temps. En vue de développer une base de
données environnementale, incluant les cartes d’occupation du sol, les données classiques (le climat, la topographie, les ressources
naturelles, les zones urbaine et industrielles, le réseau routier), et les observations de terrain, 1’étude multi-temporelle a été basée sur
deux images du satellite Landsat-TM de 1991 et 2000. Enfin, les impacts environnementaux des activités humaines ont été évalués
en utilisant la méthode basée sur la Matrice de Leopold.
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Les changements de I’occupation du sols intervenus durant les
neuf derni¢res années dans la zone d’étude indique que les
zones coticres de Manifah et Tanagib ont connu beaucoup de
problémes environnementaux, di essentiellement aux facteurs
suivants :
e  Persistance de la surface des taches d’huile de pétrole
qui ont affectées la zone d’étude durant la guerre du
Golfen 1991.
e  Réduction de la surface des Sabkha et disparition de
la végétation salée.
e Augmentation de la superficie de ’eau de mer et
celle du sable.
e Dégradation de 1’écosystéme naturel cotier due aux
diverses activités humaines incluant celles provenant
de la mer ainsi que celle provenant de la terre.

De fagon similaire, I’application de la Matrice de Leopold
indique que le déversement de I’huile de pétrole est la source
principale de pollution, suivie par les déchets solides industriels
et municipaux, les travaux de construction, etc.

1. INTRODUCTION
1.1 General Context

The Arabian Gulf is a semi-enclosed sea with a limited
exchange of water with the open Indian Ocean. Situated in a
semi-arid area of the Middle East, the Gulf is bordered by eight
countries. The Arabian Gulf has a number of unique natural
productive coastal ecosystems particularly in view of
prevailing environmental conditions. However, discovery of oil
resources and subsequent socio-economic developments has
subjected these ecosystems to various types of stress (Khan et
al. 2000).

The oil boom triggered unprecedented coastal development and
growth in coastal population. Most of the population growth
took place in the urban and industrial centres located on the
coasts of the Arabian Gulf Cooperation Council countries
(GCC) (ROPME, 2004).

Dredging and land reclamation in coastal and marine areas in
GCC countries intensified during the last two decades,
particularly along the coastal areas of the Eastern Province of
Kingdom of Saudi Arabia, where the study area is located.
These human activities were attributed mainly to the
accelerated socio-economic development, which induced large
scale land and coastal reclamation to build industries, ports,
refineries and recreational facilities to meet growing
urbanization and population increase (ROPME, 1999; 2004).

However, scientific evidence indicates that most of these
activities are putting heavy pressures on the environment and
the coastal ecosystems. These indicate that wildlife habitat and
wetlands are being degraded and levels of pollution associated
with oil exploration, production, processing and transportation
are increasing. There is evidence that pristine habitats are being
lost, reduction of fish catch, sedimentation, degradation of coral
reefs and acceleration of land use changes and conflicts.

Furthermore, the strategic significance of the region has fuelled
three wars (the Iran-Iraq War of the 1980’s, the first and second
Gulf Wars of the 1991 and 2003). These wars caused
devastating effects to the marine and coastal environments
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especially those located on the west coast including the study
area (MEPA, 1991; ROPME, 2004).

The study areas of Manifa and Tangib are located north of AL-
Damam city, in the Eastern Province of Saudi Arabia, situated
on the western coast of the Arabian Gulf. It is a semi-arid area
with an average annual temperature of 26 °C rainfall of 120mm
and high rates of evaporation. Although the total population of
the area is not large, yet it is increasing at an annual growth rate
of 9.3% (Al-Otaibi, 2005). Due to the accelerated rates of
economic development, there have been a number of impacts
and stresses associated with these rates that include (PME,
2003):

e Increasing rates of pollution due to petroleum
hydrocarbons from refineries, oil terminals, oil spills
from ships and oil-contaminated ballast waters.

e  Coastal dredging, infilling and reclamation leading to
physical alteration and degradation of habitats.

e Contamination from municipal solid wastes,
untreated industrial effluents and dumping of litter
from both land and sea-based sources.

e  Stresses from recreational and tourist activities.

e  Contamination of sediments with high levels of trace
metals and heavy metals.

e Discharge of concentrated and hot brines from
desalination plants and other sources.

The coastal ecosystems of the study area have also experienced
extensive damage due to the three wars that have devastated the
whole region. There have been long term impacts on the marine
resources including the fisheries, coastal habitats and land use
patterns (PME, 2003; PME/UNEP, 1989; ROPME, 2004).

1.2 Objectives

It is proposed here that the present study will be based on the
modern techniques of RS (Lillesand and kiefer, 2000) and GIS
(Demers, 2000) to collect the relevant data to structure a
framework of a plan to rehabilitate the degraded coastal
ecosystems of the area and develop them on sustainable basis.

The aim of this study is to formulate a framework towards an
integrated planning and management of the coastal areas that
will contribute towards the control and mitigation of the
environmental, health and the adverse economic impacts of
pollution. Thus it specifically aims to Survey the natural
resources, design and develop an environmental database, and
to establish a general framework for proper planning and
management of coastal zones.

2. METHODOLOGY ADOPTED

To achieve the objectives of this study a combination of
different methodologies were adopted, according to the
following main steps.

2. 1 Literature Review

Literature review of the existing scientific reports and data
sources (ecosystem components, socio-economic conditions,
natural resources) was conducted to establish trends, indicators
and conditions. Furthermore, the review focused on the
application of RS/GIS techniques in the assessment of
environmental impact in the gulf region (Ait Belaid and
Mufareh, 2002; Al-Mannai, 2005; Ait Beladi, 2006) and
particularly in the study site (Al-Otaibi, 2005).
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2. 2 Satellite Data Acquisition and Field Survey

Satellite imagery (Landsat-TM) is required for land use
mapping and it has to be available in the catalogue at the
appropriate time and of excellent quality. For the purpose of
the study, two recent satellite images (Landsat-TM) were taken
for 1991 (during the event of gulf war) and 2000 (9 years after
the event). A field survey was also conducted in order to
evaluate the areas of habitats and ecosystems, human activities
and sampling of sediments and contaminants, using ARC PAD
device and GPS receiver (Kennedy, 1996) for data collection
and determination of data locations.

2.3 Land Use Mapping Using RS

Two satellite images of Landsat-TM were used to cover the
study site in two different periods of time. The adopted analysis
and interpretation techniques are (ERDAS, 1999): the
combination of the two standard supervised (Maximum
Likelihood Rule) and unsupervised (ISODATA Algorithm)
classification techniques assisted by computer. The whole
process is guided by ground truthing and local knowledge. The
ground truthing process aims at localizing and characterizing
land use categories using GPS instrument and ARC PAD
device. The result of the classification process is a digital
coverage layer containing the different land use categories.

2. 4 Data Analysis Using GIS

The results of the previous section 2.3 are two land use maps
for 1991 and 2000 in the format of digital layers, in which
polygons represent different land use categories. A full
database is attached to this coverage, in which every polygon is
characterized by many attributes like, the category number,
area and perimeter of polygons (Booth and Mitchell, 1999).
This is done by converting the digital file in raster format
polygon format, using GIS tools. The analysis of these two
ArcGIS Layers results produced in the previous section allows
us to realize the pair-wise comparison of these two land use
maps, as well as their statistical inventories, in order to detect
possible changes in terms of area. Furthermore, we can
investigate the impact of oil spill on other land use categories
and vice-versa. Finally, the “Evolution Matrix” is built-up for
the two period of times, providing all possible changes
involved and the corresponding areas in terms of extension,
regression and net evolution for all land use categories.

2. 5 Environmental Impact Assessment Using Leopold
Matrix

Application of Leopold Matrix method to assess the
environmental impact of development activities. In this matrix,
the concept of Impact is broken into “magnitude” and
“importance” components, each with a scale from 1 (Least) to
10 (Maximum). The project actions identified are arranged
horizontally, while environmental characteristics and
conditions are arranged vertically. The corresponding boxes are
slashed and the determined numbers are inserted indicating the
magnitude in the upper left-hand corner and for the importance
in the lower right-hand corner. The numbers are used to
identify concerns arising from the interaction of project
activities with the environment (Mitchell, 1979; PME/UNEP,
1989; Ghurayba and Al-farhan, 2000).

3. RESULTS AND DISCUSSION

The application of the adopted methodology to the study site
using remote sensing and geographic information systems
analysis tools, along with ground survey leads to the following
results (Figure 1 illustrating the land use map for 1991):

e Two land use maps were produced for the two
periods of time 1991 and 2000, providing an
exhaustive assessment of different land use categories
in terms of areas and geographical locations.

e The equivalent scale of the maps elaborated is
1/100,000, which corresponds to the Landsat-TM
satellite imagery with 30 m spatial resolution.

e  The typology used allows characterizing the land use
categories in five main classes: Sea Water, Oil Spill,
Salt Marsh, Sabkha, and Sand.

The evolution matrix (Table 1), which has been developed to
illustrate the whole changes occurring during the nine years
intervals, confirms that:

e  Oil spill area has decreased by 4030.2 hectares (ha),
followed by sabkha area decreased by 2143.2 ha and
salt marsh area by 257.8 ha.

e  On the opposite, sea water area increased by 3534.4
ha and sand area by 2896.8 ha.

e Oil spill area has known two opposite changes:
decease by 4399.7 ha (releasing sea water, sand and
sabkha) and increase by 369.5 ha, impacting all other

categories. Furthermore, Salt marsh area has
completely disappeared.

991 Water | Oil Mars Sabkh Sand Ext. Evol.
200! h a (ha)
Water 3740. 23 38 3.1 3749. +3534.

5 7 4
0Oil 158.3 322 71.6 107.4 | 369.5 | -4030.2
Marsh 0 0 0 0 0 -257.8
Sabkh 3.7 267.0 | 169.9 2385. | 2824. | -21432
9 5
Sand 533 | 3922 | 554 | 48923 5393. | +2896.
2 8
Reg. 2153 4399. 257.8 | 4967.7 2496. XX XX
7 4

Ext. (Extension): Increase of the Area in hectares.
Reg. (Regression): Decrease of the area in hectares.
Evol. (Evolution): Extension minus Regression.

Tablel. Land use changes (Evolution Matrix in hectares) for
Manifah and Tanagib coast during 1991-2000.

The Evolution matrix (Table 1) gives the whole changes
occurring in the study site between 1991 as a year of reference
and 2000 as recent year. The columns of the matrix represent
the land use statistics in 1991 and the rows represent the
situation in the year 2000. The sum of the changes over a row
gives the extension of the corresponding land use category (e.g.
oil spill), and the sum over a column gives the regression of the
corresponding land use category (e.g. sea water). The last
column gives the net evolution of the land use categories
considered, and it is calculated by subtracting regression row
from extension column (Ait Belaid, 2003).

The application of the Leopold Matrix to the study area, for the
purpose of environmental impact assessment in terms of
magnitude and importance, reveals similar results than the
evolution matrix below (Al-Otaibi, 2005):
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The most pollutant factor of human activities is oil
spill, followed farley by industrial waste, water
depletion, etc.

In the opposite, the most impacted component of the
ecosystem is soil, followed by sea water, coastal
zones, vegetation area (plants), sabkha and landscape.
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Figure 1. Land use map of Manifah and Tanagib coast for 1991
© EOSAT Copyright 1991, KACST/Processed at AGU

A comprehensive ground survey has been conducted in the
study area, in order to validate and control the remote sensing
results. For that purpose: twenty samples were taken in the year
2004 and analysed in the laboratory. Each sample corresponds
to a cylinder with a diameter of 50 cm and a deep of 1 m. Two
parameters were extracted to characterize each sample: deep of
oil spill layer, and the concentration of polluted oil in
Milligrams per Kilogram. The results show that the deeps are
ranging from 20 cm to 1.5 m, and the concentration from 100 to
34000 Milligrams per Kilogram, which means that the impact
of oil spill is still present in sand sediment at different deeps
and in different concentration levels (Al-Otaibi, 2005).

4. CONCLUSIONS

Coastal zones were mapped out and monitored over time using
(remote sensing, geographic information systems along with
global positioning system) tools and appropriate land use
change and analysis techniques, implemented in ERDAS
Imagine and ARCGIS software (Ait Belaid, 2003).

Furthermore, the same techniques were applied to produce the
evolution matrix (Table 1) and Leopold matrix, which present
the whole changes occurred during 9 years interval of time and
the assessment of the corresponding environmental impact of
human activities on the coastal natural ecosystem.

As a final results the following fact are outlined:
e  Qil spill phenomenon is the main factor affecting the
whole components of the ecosystem.
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Sabkha area has deceased and Salt Marsh has
disappeared.

General degradation of the coastal fragile ecosystem
due to over-fishing activities, solid waste, airport, oil
pipeline, land filling and reclamation.

Finally, oil spill area which was estimated in 1991 at 6083.4 ha
has decreased by 4030.2 ha (66.3%), and in the year 2000 we
still have 2051.3 ha (33.7%) of oil spill to mitigate. This oil
spill phenomenon has impacted mainly sabkha area
(degradation), salt marsh area (disappeared), and also sea water
and sand areas.

The cartographic and statistical results derived from the two
land use maps produced successively during the event of gulf
war (1991) (Figure 1) and after the event (2000) of oil spill are
valuable tools for the protection and planning of marine and
coastal zones of Manifah and Tanagib, which are vulnerable to
various human activities and climate stress.
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