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Oil spills 1n the Arabian Gulf are a major and continuous threat to the fragile and vulnerable coastal zones of the
region, especially the coastal zone of northern Qatar which lies almost in the middle of the Gulf’s water, This situation
makes the northern half of Qatar peninsula vulnerable to any o1l spills that might occur in the Gulf which are
influenced by the counter-clockwise currents system in the Arabian Gulf.

The aim of this thesis is to establish an ESI information system for the northern Qatar coastal zone using remote
sensing and GIS technologies. Environmental Sensitivity Index (ESI) mapping 1s a classification and ranking of the
relative sensitivities of various geologic, geomorphic and biologic coastal environment types on a scale of 1 to 10 1n
terms of indicating the persistence of oil and potential for biological habitat damage. ESI mapping 1s usually associated
with oil spills response and contingency planning, because it provides a tool to assist spill-response coordinators and
government agencies in planning or operating strategies for protection and spill management.

Remote sensing has great potential for application to the complex environmental problems of the coastal zone. Its
potential is derived from the spatial, spectral and temporal digital data provided by the system, which can be used for
physical and ecological studies of the coastal zone and marine environments. Remotely-sensed data can be combined
with other spatial data in a GIS system for effective management of the coastal zone, though this has not often been
achieved at operational level for various technical and logistical reasons which are discussed 1n the thesis.

Applying remote sensing and GIS to enhance the traditional approach of ESI mapping involves the processing of high
spatial resolution airborne MEIS (Multi-detector Electro-optical Imaging Scanner) data (2 m spatial resolution) for the
whole coastal zone of Qatar. This provides the missing information on the coastal zone vegetated habitats which are
essential in the ESI mapping. Manipulating the compiled ESI information in the GIS system to overcome the
difficulties of assembling the necessary materials of ESI in hardcopy form, handling it through manual techmques, and
the difficulty of applying consistent procedures within such an approach are further challenges that have been tackled.

Several types of image processing techniques were applied to the MEIS data in order to find the best analysis to handle
the large volume of digital data and at the same time reveal the information needed in the coastal zone for the ESI
mapping. These techniques range from conventional classification and resampling to newer techniques of image
compression, and automated spectral pixel unmixing analysis. Image compression and automated spectral pixel
unmixing are found to be well suited to handle the large volume of digital data and reveal the information needed in
the coastal zone for the ESI mapping. Better results would be achieved if the original MEIS flight lines data had not
been mosaicked to form rectangular blocks of MEIS data. Detailed mapping of the very sensitive coastal resources in
northern Qatar is achieved using visual interpretation of JPEG compressed digital images and a spectral library of
surface materials is built for use in spectral pixel unmixing.

Finally an ESI has been created for the northern Qatar coastal zone using the information yielded from the remotely
sensed data and conventional surveys. The ranking of the coastal zone sensitivity types was based on known interaction
of o1l with various coastal types which have been observed over the past years. A GIS ESI map has been created for
northern Qatar to illustrate all the information needed by the personnel in charge of the cleanup operations. The GIS
ESI map highlights the most sensitive sections of the coastal zone to show the areas at risk during o1l spills thus would
need the most protection. The GIS allows the management decisions on oil spill to be made in real time. ESI can be

used not only for oil spill response planning, but also for the establishment of a coastal zone management plan which
will be highly beneficial for Qatar and the Arabian Gulf.
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CHAPTER 1

1. INTRODUCTION

1.1 THE AIM OF THE PRESENT RESEARCH

The main aim of the present research is to develop an environmental sensitivity index

mapping for the coastal zone of northern Qatar using high spatial resolution airborne

remotely sensed data and GIS.

1.2 ENVIRONMENTAL SENSITIVITY INDEX (ESI) MAPPING DEFINED

An Environmental Sensitivity Index (ESI) 1s a classification and ranking of the relative
sensitivities of various geomorphic coastal environmental types on a scale of 1 to 10 in
terms of indicating the persistence of oil and potential for biological habitat damage. ESI
mapping is usually associated with oil spill response and contingency planning, because it
provides a tool to assist spill-response coordinators and government agencies in planning
strategies for protection (Gundlach and Hayes, 1978, Hayes ef al., 1980; Pavia et al., 1982,
Jensen et al., 1990; Narumalani et al., 1992).

ESI mapping in cartographic form, coastal types are colour coded according to rank
permitting rapid identification of differences. For example, the most highly sensitive coastal
types would have the highest priority for protection and are colour coded in bright red.
While low sensitive coastal types would have low prionity for protection and are colour
coded in black. In Chapter 6, ESI mapping 1s discussed in more detail. In addition,
classifying and ranking of the relative sensitivities of various geomorphic coastal
environment types in northern Qatar and the development of the prototype ESI for the

coastal zone of northern Qatar are discussed 1n more detail.



1.3 THE PROBLEM OF COASTAL ZONE OIL POLLUTION IN THE ARABIAN
GULF

O1l pollution 1in the Arabian Gulf goes back to the beginning of the discovery and
production of o1l in the Gulf. Initially oil pollution was not a major problem and did not
represent a threat to the Gulf or its ecosystem. However the world demand for oil
increased, especially for oil from the Gulf. As a result, oil production in the Gulf increased
dramatically and the Gulf became one of the world’s busiest oil transport arteries through
which more than half of the world’s oil supply passes(Oostdam, 1980). With this increase
the Gulf started suffering from oil pollution.

Figure 1.1 illustrates the major inter-area movements‘ of oil at sea in 1988, and shows the
importance of the Arabian Gulf as a routeway (Shears, 1990; British Petroleum, 1989).
Figure 1.2, in addition, illustrates global oil pollution mapped on the basis of large numbers
of records of observed surface slicks, and shows how the Arabian Gulf appears among the

most polluted seas in the world (Shears, 1990; Couper, 1989; Levyet al., 1981).

Various sources of oil pollution are contril:;uting to the sea water pollution in the Gulf.
These sources include: 1) refineries discharges, 2) local o1l exploration and exploitation and
routine handling of petroleum at ports, 3) heavy maritime transport of oil through the
region, and 4) war damaged wells and tankers. More details of the major causes, the
impacts, and the political response of oil pollution in the Arabian Gulf are discussed in

Chapter 4.
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1.4 THE VULNERABILITY OF THE QATAR NORTHERN COASTAL ZONE TO
MORE ENVIRONMENTAL PRESSURES

Qatar occupies a peninsula projecting due north from the Arabian shore into the Gulf. This
situation makes Qatar (and especially the northern half of the peninsula) vulnerable to any
oil spills that might occur in the Arabian Gulf. The northern half of the peninsula lies almost
in the middle of the Gulf’s water. Moreover, the surface current system in Gulf 1s counter-
clockwise starting parallel to the Iranian side, then the Arabian side, and then flowing out
through the Strait of Hormuz. Any oil spills that might occur near the shore and/or offshore
in the Gulf are influenced by these hydrological conditions and moved toward the coastal
zone of northern Qatar. Recent studies describing the distribution of oil pollution along the
Qatari coastline show significant variations in amount. It varies from heavily polluted

northern and northwestern shores to pollution-free shores in the southeast (Aboul Dahab,

1994: Aboul Dahab and Al-Madfa, 1993).

In addition to the location and vulnerability of the northern half of Qatar to any oil
pollution in the Arabian Gulf, the coastal zone is composed of very sensitive and fragile
coastal zone environments that can be easily damaged by oil spills. The coastline has a
conspicuous uneven outline with some lagoons and sabkhahs extending inland for about 7-
8 km. The characteristics of the coastal zone influence both its susceptibility to oil pollution
and its suitability for survey using remote sensing methods. The environmental geology and

geomorphology of northern Qatar coastal zone are discussed in more details in Chapter 3.



1.5 THE NEED FOR MARINE AND COASTAL ZONE ENVIRONMENTAL
MANAGEMENT IN THE ARABIAN GULF

The coastal zone shallow water habitats of the Arabian Gulf (which include seagrass, rich
intertidal zone, mangrove, salt marsh, algal mat, and sabkhah) are in fact extremely

productive biologically. They support a dense population of invertebrates and form the
nutritional basis on which the Arabian Gulf ecosystem depends (MEPA, 1982). Moreover,

they provide the “international airports” for many migratory seabirds and marine animals.
Any environmental degradation for these habitats in any country of the Arabian Gulf will
result in the decline of commercial fisheries in the whole Gulf. In addition it will also further

reduce the survival of many endangered animal species including those of global

significance.

However, a considerable amount of environmental degradation in the Arabian Gulf besides
oil pollution results from landfill, dredging and reclamation operations in the coastal zone

area which started sometimes in the past and are still continuing to the present. The
purpose of these operations i1s usually for the construction of new residential areas,

causeways, ports, jetties, corniche roads and other engineering works (Sheppard ef al.,

1992).

The Arabi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>