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PREFACE

The Global Programme of Action for the Protection of the Marine Environment from Land-based
Activities was adopted by an intergovernmental conference held in Washington, D.C., United States
of America, from 23 October to 3 November 1995. The goal of the Global Programme of Action is to
prevent the degradation of the marine environment from land-based activities, by facilitating the
realization by States of their duty to preserve and protect the marine environment.

The Washington Conference designated the United Nations Environment Programme (UNEP) as
Secretariat of the Global Programme of Action and requested that, as coordinator and catalyst of
environmental activities within the United Nations system and beyond, it should through its
programmes and secretariat role, first, promote and facilitate implementation of the Programme of
Action at the national level; second, promote and facilitate implementation at the regional, including
subregional, level through, in particular a revitalization of the UNEP Regional Seas Programme;
and, third, play a catalytic role in the implementation at the international level with other
organizations and institutions.

To facilitate implementation of the Global Programme of Action around the world, UNEP is
organizing, during the period 1996-1998, in cooperation with relevant regional organizations, a
series of regional technical workshops of government designated experts, as well as representatives
of relevant international organizations, the private sector and experts of non-governmental
organizations. The purpose is to strengthen national capabilities for protection of the aquatic
environment from land-based activities, and to promote regional and subregional cooperation. More
specifically, the workshops are being convened with the following aims:

(a) To review the general objectives of the Global Programme of Action and its implications;

(b) To identify possible elements of regional framework strategies, with special reference to
recommended approaches by source categories;

(c) To consider the requirements for development and implementation of national programmes,
including the assistance required and available for this purpose through the organizations
supporting the Global Programme of Action; and

(d) To design and agree on general outlines for preparation of regional programmes of action to
address land-based activities.

The present assessment of land-based sources and activities affecting the marine environment in
the Red Sea and Gulf of Aden was prepared as a main background document for the workshop on
implementation of the Global Programme of Action in the Regional Organization for the Protection of
the Marine Environment (ROPME) sea area and the Programme for the Environment of the Red
Sea and Gulf of Aden (PERSGA) region (Manama, Bahrain, 2-5 December 1996).

The first draft of the overview was prepared by a consultant, Dr. Ziad H. Abu-Ghararah (Associate
Professor, King Abdul Aziz University, Jeddah, Saudi Arabia), selected in close consultation
between UNEP and the PERSGA Secretariat. In preparing the first draft of the assessment, Dr.
Abu-Ghararah made full use of existing relevant information and consulted with national experts and
authorities. The comments provided by the UNEP Global Programme of Action Coordination Office
(Water Branch), the UNEP Regional Office for West Asia (ROWA) and PERSGA were subsequently
taken into consideration and the second draft of the assessment was submitted to the
above-mentioned workshop. A working group comprising experts from Djibouti, Egypt, Jordan,
Saudi Arabia and Yemen reviewed the draft document on a country-by-country basis. Based on
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discussions and recommendations provided by the working group, as well as recommendations by
the UNEP Global Programme of Action Coordination Office, Dr. Abu-Ghararah prepared a third draft
of the document, which was submitted by UNEP to the Governments of the region for their final
review. Those comments have been incorporated into this final document, which has been endorsed
by the governments of the region.
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1 . Introduction

The Red Sea and Gulf of Aden (Figure 1.1)
constitute a unique ecosystem with high biological
diversity. Their natural resources provide a substantial
economic support for the region: in addition to the
fishery industry, which has ensured food security to
many people of the region and created jobs for others,
tourism is an ever growing and increasingly important
industry for commerce and other economic activities.
Hence, the marine environment should be well
protected from the adverse impacts of pollution to
ensure the sustainable use of its resources and good
health of its users. Continuous degradation of the
marine environment poses a threat to public health
through the contamination of seafood, direct contact
and digestion of polluted water. Damage to the marine
ecosystems adversely affects the tourism and
fisheries. The preservation of a high level of biological
diversity is essential for the future protection of human
health, as the taxonomic knowledge of the species is
still far from complete. It is thus essential to guard
against the extinction of the largest possible number of
species and strains, among which are some that may
in the future provide us with food and medicine or be
used in the biological control of pests and pathogens
(WHO 1992).

In general, the main sources of marine
pollution come from land-based activities, including
urbanization and coastal development (for example,
dredging and filling operations), industries including
power and desalination plants and refineries,
recreational and tourism, waste water treatment
facilities, power plants, coastal mining and quarrying
activities, oil bunkering and habitat modification like
dredging and filling of wetlands. In the present report,
the main sources of land-based pollution in each
country of the region and the region as whole have
been addressed and prioritized. On the basis of the
priorities established, the report defines specific
management objectives and identifies and evaluates
the effectiveness of strategies and programmes to
achieve them. It also identifies the elements needed to
support the related programmes of action.

2. Characteristics of the Red Sea and Gulf of
Aden

2.1 Physical characteristics

2.1.1 Water temperature profile

Surface water temperatures in all parts of the
Red Sea basin vary seasonally between about 22 and
32° C. At any specific time, peak surface temperature
is located between 15 and 18° C, and ranges from 27
to 32° C, according to season. Surface temperature
declines slightly towards the Bab al Mandeb, owing to
the influx of cooler water from the Gulf of Aden, and

there is also a gradual decrease of temperature in the
northerly direction. The Red Sea has a warm, stable
temperature throughout its deeper waters. Below
about 250-300 m, the water maintains a constant
temperature of about 21.5° C, which extends down to
the sea floor in all areas except where heated brine
pools exist. At depths greater than 300 m, the water is
homogeneous and maintains a temperature in the
range of 21 -22° C (Figure 2.1 ).

2.1.2 Climatology in the Red Sea and Gulf of Aden

2.1.2.1 Wind

The Red Sea may be subdivided into three
regions. The. first region is the northern Red Sea
(northward of about latitude 20° N) where the
prevailing wind is mainly north-northwest throughout
the year. Occasional winds from this direction are
slightly more frequent in summer than in winter.
Southerly winds occasionally blow during winter
months only. The direction of the wind in the Gulf of
Aqaba is slightly east to north. The second region is
the southern Red Sea (southward of about latitude 20°
N) where the winds blow from the same direction as in
the northern Red Sea, i.e., north-north-west from May
to September. In October, the winds start to change to
south-south-east and retain this direction until April.
The third region is the intermediate region which
occurs only in the winter months between the north-
north-west winds of the northern half and the south-
south-east winds of the southern half. This area is
characterized by relatively low pressure calms.

The region varies in size and oscillates in
position; by the beginning of summer conditions, it
moves gradually towards south giving way to a
transition from the south-south-east winds to the north-
north-west winds. In the Gulf of Aden, the high
surrounding mountains reduce the influence of the
south-west monsoon so that the prevailing wind
direction is north-west in the summer. During the rest
of the year (October to May), the north-east monsoon
gives rise to eastern winds over the Gulf, due to the
orographic conditions of the Gulf. However, its
direction changes to the southeast towards Bab al
Mandab (Morcos 1970; Edwards 1987).

2.1.2.2 Air temperature

The Red Sea region is considered an arid
region with low rainfall, with an average value of 109
mm/year. The air temperature normally has the lowest
values over the northern part of the Red Sea all the
year compared with other parts of the Red Sea (e.g.,
6-39° C at Suez Canal, compared to 13-42° C at
Jeddah coast). The warmest zone over the Red Sea
occurs between latitudes 20° and 16° N. The region
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Figure 1. 1. Main coastal cities in the Red Sea and Gulf of Aden region

south of latitude 18° N and the shores of the Gulf of
Aden is considered to be among the hottest regions of
the world.

2.1.2.3 Rainfall

Rainfall in the Red Sea region is extremely
sparse and localized. The rain is mostly in the form of
showers of short duration, often associated with
thunderstorms and occasionally with dust storms. In
the Suez Canal region, heavy showers occur which
hardly reach Suez, while over the Gulfs of Suez and
Aqaba, showers are very infrequent. Desert

depressions occasionally invade the northern Red Sea
in spring (March to May generally), and are particularly
characterized by dust in the atmosphere and poor
visibility (Morcos 1970).

2.1.3 Water circulation

It is known (Sheppard et al. 1992) that the
fundamental movements of surface water follow the
winds, so that the northerly wind of summer drives
surface water south for about four months at a velocity
of 12-50 cm/sec, while in winter, the flow is reversed,
pushing water into the Red Sea from the Gulf of Aden;
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the net value of the latter movement is greater than
the summer outflow, and the drift continues to the
northern end of the Red Sea. Water circulation near
19° N of the Red Sea as inferred from the thermocline
topography is shown in Figure 2.2. The main surface
drifts are slow moving and are easily modified and
even reversed by local effects and by small tides.
Overall, there is a net flow into the Red Sea. The
water balance in the Red Sea is negative in the sense
that the annual precipitation is rarely over 10mm, while
the evaporation is about 2 m/yr. In addition, there has
been a further small net loss northwards into the
Mediterranean since the opening of the Suez Canal,
because of tidal height difference between the Red
Sea and the Mediterranean. The balance is made up
by an inward flow through the Bab al Mandeb. It is
estimated that the water renewal time in the upper
200m (i.e., the water above the thermocline) is in the
order of six years, while the time for turnover of water
for the whole Red Sea, is about 200 years (Maillard
and Soliman 19861 Sheppard et al. 1992; Quadfasel
and Baudner 1993).

2.1.4 Currents and tides

Tides in the Red Sea are oscillatory, semi-
diurnal with an average spring range of 0.5 m; and
with a mean sea level up to 1 m higher in winter. A six-
hour time difference exists between tide times in the
southern and northern areas (Morcos 1970). There is
a central node to tidal oscillation near Jeddah and tide
increases north to Aqaba (range 1 .7 m) and south to
Perim (range 1 m). High speed south-east (24-47
cm/sec) currents have been recorded along the
Sudanese coast and lower speed north-north-east
currents (8-29 cm/sec) along the Saudi coast. The
principal tides at Jeddah and Port Sudan for the year
1991 are shown in Table 1. The minimum average
residual speed of the Atlantis // deep of the Red Sea
(21.5° N, along mid-axis), during January-February
1978, was 1 cm/sec north-north-west at a depth of 603
m and the mean value at 250 m depth from the
surface was 7.7 cm/sec (Sultan and Ahmed 1990). At
depths greater than 250 m, the mean residual speed
is in the range 1-3 cm/sec in the north-north-west
direction all the time (Table 2).

2.1.5 Topography and bathymetry

The Red Sea (Figure 2.3 ) forms a 1,930 km-
long and 270 km-wide trench that narrows at the strait
of Bab al Mandab to about 27 km, where the depth is
about 300 m. The average depth is 524 m and a deep
trench with a maximum depth of 2,920 m is continues
from 14° N to 28° N in the middle of the Red Sea. The
Gulf of Suez has a relatively flat bottom with a depth in
the range of 55-73 m. Hence, the Gulf spreads a
shallow basin filled with the surface water of the Red
Sea. The Tor Bank lies in the
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Figure 2.1. Vertical temperature distribution in the Red Sea in October 1982:
(a) above 200 m; (b) below 200 m (Maillard and Soliman 1986)
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Figure 2.2. Schematic representation of the circulation near 190 N as inferred from the thermocline
topography during January and February 1984 (Quadfasel and Baudner 1993)

faraway of the Gulf with depth ranging from 20 to 25
m. The Gulf of Aqaba is a deep basin with narrow
shelves. This Gulf comprises two isolated depressions
separated by a submarine sill. The northern
depression is about 1,100 m deep and the southern
depression is about 1,420 m deep. The maximum
depth within the Gulf is observed near the east coast
with a depth of 1,829 m (Edwards 1987). The Red Sea
comprises three physiographic regions: the coastal
shelves located from the shores to depths of 300-600
m; the irregular broken floor of the main trough,
varying from 600 to more than 1100 m in depth; and
the axial trough which is continuously deep and
extends along the main trough south of 23° N.

The Red Sea is characterized by having three
depressions greater than 2000 m in depth, known as
hot brine regions in an area 20 x 20 km in the axial
trough between 21° 10' and 21° 30' N (Figure 2.4). In
these regions, the water temperature and salinity are
anomalously high (Figure 2.5). Studies on Atlantis //
Deep between 1965 and 1979, have shown that the
temperature of the lower brine had increased from
55.9 to 61.7° C and that of the upper brine had risen
from 41.2 to 49.9°C. Also, the brine was found highly
enriched with various heavy metals such as
manganese, iron, zinc, cadmium and copper. Elevated
concentrations of hydrogen sulphide and carbon
dioxide were also reported in the Kebrit deep brines
(Morcos 1970; Karbe 1987).
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2.2 Chemical oceanography

2.2.1 Salinity

During most of the year, the surface salinity in
the straits and in the extreme south of the Red Sea is
closely similar to that of the inflowing Gulf of Aden
water (about 36‰). During the brief period in late
summer and early autumn, surface salinities increase
to 38-39‰, the values characteristic of areas some
distance to the north, and this water lies on top of
inflowing Gulf of Aden water of salinity only 36.5‰.
Because the Red Sea water is much warmer, and
therefore lighter than the Gulf of Aden water, this
configuration is stable. The salinity gradient in the Gulf
of Suez is five to six times greater than the values
recorded for the Red Sea or Gulf of Aqaba (Edwards
1987). Vertical salinity distribution in the Red Sea in
October 1983 is shown in Figure 2.6.

2.2.2 Dissolved oxygen

The measured dissolved' oxygen
concentration in the surface water of the Red Sea is
near to saturation values. The saturation values are in
the range 4.8 to 6.5 ml of oxygen per liter depending
on temperature and salinity values. The saturated
layer in the Red Sea extends to about 100 m depth,
while in the shallower Gulf it extends to the bottom.
Below 100 rn in the Red Sea, the dissolved oxygen
concentration values drop to only 10-25% of the
saturation values. The Gulf of Suez resembles the
Gulf in this and in many other of its characteristics, and
has no oxygen minimum, while in the Gulf of Aqaba,
there is a gradual decline with depth but never to lower
than about 50% saturation (Quadfasel and Baudner
1993). The vertical

distribution of the dissolved oxygen concentration, in
the upper 400 m of a water column along the main
axis and for a cross-section near 18º, N of the Red
Sea, is shown in Figure 2.7.

2.2.3 Nutrients

Nutrient levels in the Red Sea are detailed in
Weikert (1987). Most of the Red Sea water has been
considered as oligotrophic with the exception of small
areas off the Sinai Peninsula and the southern
transition area between the Red Sea and the Indian
Ocean (Thiel and Karbe 1986). Nutrient enrichment of
surface waters near Jeddah in later winter-early
summer has been interpreted as representing episode
subsurface nutrient regeneration from winter plankton
blooms, in association with a periodic (spring)
subsurface vertical advection of deep water (Shaikh et
al. 1986). The upper waters of the Red Sea are
nutrient-poor, with nitrate being depleted more than
phosphate (Table 2.3). High levels of nitrite and
ammonia have been recorded in the upper water,
which can be considered as an indicator of high
bacterial activities. Data from Saudi Arabian coastal
waters suggest that seasonal variations occur in
dissolved nutrient concentrations near shore and that
local eutrophication is resulting from anthropogenic
inputs (Shaikh et al. 1986; Sheppard et aL 1992).

Water in the two northern gulfs is poor in
nutrients compared with the Indian Ocean. Recorded
levels of phosphate in the Red Sea are much lower in
comparison with those reported for the Gulf water,
namely below 1.5 mg/cu m of PO4 (Sheppard et al.
1992).
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Figure 2.3. Map of the Red Sea showing bathymetry (Ahmed et al. 1994)

2.3 Biological characteristics

2.3.1 Mangroves

Mangroves generally grow in waterlogged and
saline soils of the intertidal zone and are often
associated with areas of run-off. Only two species
have been recorded along the Saudi Arabian Red Sea
coast, Avicennia marina, which is widespread, and
Rhizophora mucronata, found at only six sites. They
are found in such areas as broad coastal plains,
protected shores, over shoals and spits, and in
lagoons (MEPA/lUCN 1987).

While mangroves are found scattered along
much of the Red Sea coast, the main concentration is

in the southern Red Sea where factors such as
increased sediment creates an environment more
conducive to their development. This increased
development in the soil also coincides with areas of
greatest agricultural potential. Agricultural
development, properly planned and managed, could
be beneficial to certain coastal habitats such as
mangroves. Mangroves have a variety of values: they
provide food in the form of detritus, shelter for
numerous organisms (such as molluscs, crabs,
shrimp, and fish), fodder for camels and goats, and
fuel for human use. Mangroves are also important
nesting sites for several species of birds (UNESCO
1984).



10

Figure 2.4. Sites of Red Sea deeps and basins (Edwards and Head 1987) (Note: Under each
Name is the date of discovery and the name of the research vessel responsible. Black circles
are sites with both prine pools and hydrothermally influenced sediments. White circles mark
sites with metalliferous sediments only)

Development of coastal recreation facilities
and coastal villages in the Ras Hatiba area north of
Jeddah, shrimp aquaculture along the southern Red
Sea coast and extensive landfill operations in Tarut
Bay and Qatif Island and the Gulf War oil spill in
Mardumah Island and Tanajib in the Eastern Province
have all contributed to decline of the country's coastal
mangroves (MEPA/IUCN 1987).

Mangrove systems are a valuable and
ecologically significant habitat with many uses to man
(Saenger et al. 1983). The high productivity sustained
through detrital food chains contributes to resident and
migratory animals and birds and to trophic balances in
associated ecosystems.

2.3.2 Seagrasses

Seagrasses are fairly widespread along the
Red Sea coast although they are more common in the
southern Red Sea. They tend to be concentrated in

shallow water areas such as lagoons, sharms
(drowned wadi mouths), and mersas (shallow
embayments) because of the soft-bottom sediments
found in these areas. Of the 11 seagrass species in
the entire Red Sea, 10 have been recorded along the
Saudi Arabian coast. As seagrasses are one of the
most productive habitats in the coastal environment,
their abundance along the Red Sea is indicative of a
highly productive ecosystem (MEPA/IUCN 1987).

Only two species are found in the Gulf of
Aqaba, where.temperatures are cooler. In the north,
restricted intertidal and sublittoral areas, limited soft
substrate environments, and seasonal extremes in
temperature and salinity, restrict seagrass beds to
shallow, soft-bottom areas of sharms and mersas, or
to intertidal and submarine wadi outwash plains.

Nine species of seagrass have been reported
from Yemeni Red Sea coast, only three of these
species were recorded from the Gulf of Aden coast.
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Approximately 42% of the Yemeni Red Sea coastline
supports seagrass communities where they form
extensive seagrass beds in Khawba, Mukha,
Luhayyah, Midi and As Salif, while in the Gulf of Aden,
they occur mainly in Khor Umaira. In Socotra Island,
seagrass beds are not common although a significant
coverage of Halodule spp. and Cymodocea serrulata
are found (IUCN 1987).

2.3.3 Coral reefs

Coral reefs play an important role in the
coastal ecosystems. They provide habitats for a wide
variety of marine species and protect coastal lands
from erosion and storm damage. In the Red Sea,
coral-reef communities generally form extensive and
productive reef flats which create protected habitat for
many juvenile species as well as lagoons which also
serve this purpose. Coral reefs generally require
ocean-water salinity, a mean water temperature of
approximately 24-29º C, and water depths of up to 50
m, with the maximum growth taking place in depths of
less than 20 m.

There are 194 species of corals recorded
along the Saudi Arabian coast. About 30 coral species
have been recognized in the Gulf of Aqaba, about 80
near Jeddah, less than 50 near Al Birk, and less than
10 on the southernmost Saudi inshore reefs. Five
areas along the Saudi coast are noted for their
extensive coral reefs: the Tiran islands area, Wejh
bank, the area north of Yanbu, the coastline between
Obhur and Thuwal, north of Jeddah; and the outer
Farasan bank (MEPA/IUCN 1987; Sheppard et al.
1992).

Coral reef development on the Gulf of Aden
coast is severely constrained by the low temperature
caused by seasonal upwelling resulting in the
domination of hard substrates by brown algae, and
soft substrates by seagrass (Banaimoon 1992; Elliot
1995). The number of coral-reef species in the
southern Red Sea and the Gulf of Aden is estimated
to be around 130

Figure 2.5. Bathymetry of the hot brine region in the Red Sea (Morcos 1970) (Note: Depth
contours in m corrected for sound velocity by Matthews tables; hot saline water
occurs in hatched areas)
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Figure 2.6. Vertical salinity distribution in the Red Sea in October 1982 (Maillard and Soliman 1986)
[(a) above 200 m, (b) below 200 m)]

species (Sheppard et al. 1992). Coral, reefs are found
along the Red Sea coast from Midi in the north to Ras
Isa, near Hodeidah and from A[ Khawkhah to Bab a]
Mandeb in the southern entrance of the Red Sea. The
area between Al Salif and Ras Isa is considered to
harbour the most diverse and developed coral-reef.
area in the Yemeni coast (IUCN 1987).

2.3.4 Turtles

Five species Of marine turtles have been
recorded from Arabian waters, of which the green
turtle (Chelonia mydas) and the hawksbill
(Eretmochelys imbricata) are the most important
(MEPA 1989). The MEPA study estimated the Red
Sea population of
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both species at around 3500 individuals. All marine
turtles, except for the loggerhead turtle, are on the list
of endangered species of the World Conservation
Union OUCN). Distribution of important turtle nesting
and feeding habitats in the Red Sea is shown in Figure
2.8.

The hawksbill is evidently the most abundant
of the Red Sea turtles, with records from every country
but Jordan. Nesting is also widely reported but most

commonly from islands. The Dehlak Archipelago, in
Eritrea, was found to have nesting. The Sudan's
Suakin Archipelago may have some of the most
concentrated nesting anywhere. Nesting along the
Egyptian coast from RAS Banas to islands at the
mouths of the Gulfs of Suez and Aqaba, such as
Gubal el Kebir and Tiran Nesting spoor, probably of
this species, has been seen on islands along the coast
of Saudi Arabia, and there is likely to be nesting on
Yemeni islands, for the species is common there each

Figure 2. 7. Vertical distribution of potential density (10-³ kg/m-³) and dissolved oxygen content (mg/1)
along the main axis of the Red Sea (Quadfasel and Baudner 1993)
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Figure 2.8. Red Sea showing locafities of sea turtle record and nesting areas (Edwards and Head 1987)

year. Thousands of green turtles nest in South Yemen
along the shores of the Gulf of Aden; and some
tagged females from there have been recaptured in
Somalia, more than 2,000 km away. Some of these
turtles may move between the Gulf of Aden and the
Red Sea (Frazier et al. 1987; IUCN 1987).

2.3.5 Fisheries

Studies on fisheries have indicated (Table 2.4
that there is a general trend for increased productivity

from the north (in the Gulf of Aqaba) south towards the
border with Yemen. Over 74% of the annual Red Sea
landings come from the southern section between Al
Lith and the Yemeni border (23% from Al Lith to
Yanbu and only 3% from Yanbu to the Jordan border
(MAW 1989). Most species of butterfly fish and
damsel fish are abundant in the central Red Sea;
some Red Sea/Indo-Pacific species are rare in the
southern region; e.g., Chaetodon trifascialls,
Pomacanthus imperator, Pygoplites diacanthus.
These species are either coral or springe-feeders, and
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rely on well-developed coral reefs common in the
central and northern Red Sea and the Gulf of Aqaba.
Special protective measures are necessary for reefs of
the central Red Sea and the Gulf of Aqaba, where the
butterfly fish are most common, and for Aynunah Bay,
home for many damsel fish and the only recorded
northern locality for Pristotis cyanostigma, an endemic
damsel fish.

Until 1981, Saudi Arabia's fishery was
exploited almost exclusively by artisanal fishermen
from small boats and larger (up to 20 m) sambouks.
After 1991, an industrial fishery began, which has
grown to a point where the largest company, Saudi
Fisheries, currently lands around 1,500 mt of shrimp
and a similar amount of fin fish (Olson et al. 1996).
Productivity of the shelf adjacent to Tuwwal along the
Saudi coast was estimated to be about 0.38 and 0.41
t/sq km in 1982 an d 1983 respectively (Kedidi et al.
1984). Peacock and Alam (1980) had suggested that
the northern sector was overexploited since that time,
the country fishery landings have increased by over
50%.

Many shallow water species (typically found
between depths of 10 and 50 m) occur closer to the
surface in the Gulf of Aqaba than further south in the
Red Sea. For example, the butterfly fish (Chaelodon
paucifasciatus) is usually found deeper than 15 m in
the central Red Sea, but occurs right up to the surface
in the Gulf of Aqaba. The fishing industry in Aqaba is
small and artisanal, consisting in 1995 of
approximately 85 fishermen and 40 boats.

The total saleable catch in 1995 was an estimated 15
tons, with a value of 45,000 Jordanian dinars. This
represented a significant drop from the 1993 catch of
105 tons, and was well below the largest registered
catch of 194 tons in 1966 (Sheppard et al. 1992; FAO
1993).

Sites in Djibouti were classified as a
subcluster of the southern Red Sea for butterfly fish.
The generally turbid conditions of Djibouti reefs are
very similar to those prevailing in the southern Red
Sea. On the south coast of Djibouti, close to the
border with Somalia, the effects of upwelling nutrient-
rich water begin to be discernible in fish assemblages
Water there is very turbid and reefs poorly developed
They support fewer species and lower abundances of
reef-associated fish than reefs further north. Non-reef
species are more productive, however, and this area
represents the main artisanal fishing ground in Djibouti
(Sheppard et al. 1992).

In Yemen, the main exports of the fisheries
sector include the crustacean shrimps from the Red
Sea, mainly Penaeus semisulcatus and P. indicus,
and from the Gulf of Aden the rock lobsters Panulirus
homarus and P. versiclour, and the deep sea lobster
(Periulus semelli). Among the molluscs, the main
export was the cuttlefish (Sepia pharaonis) from the
Gulf of Aden and dried sea cucumber from mainly the
western part of the Gulf of Aden and the northern part
of the Yemeni Red Sea waters (IUCN 1987; Sanders
and Morgan 1989).
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2.3.6 Species distribution

An intensive survey of available literature, as
well as a field survey of the entire Saudi Arabian Red
Sea and Arabian Gulf coasts by the Saudi Arabian
Meteorology and Environmental Protection
Administration (MEPA), in collaboration with the IUCN,
has indicated four physiographic subzones within the
Saudi Arabian Red Sea, based upon species
distribution:

Subzone A - Gulf of Aqaba;
Subzone B - Northern Red Sea;
Subzone C - Central Red Sea, including the

        Outer Farasan Bank; and
Subzone D - Southern Red Sea.

The distribution of these subzones (Figure 2.9)
may be determined by a variety of physical factors
such as substrate type and availability, relative aridity
of the associated land-mass and fresh water run-off,
nutrient supply, water circulation and wave exposure.
Climatic factors, in particular sea surface temperature,
are probably of great significance and may influence
or even limit the development of endemic forms.

Subzone A (Gulf of Aqaba) is characterized
by its geographical isolation and the relatively high
number of species which are either restricted to or
restricted from the area. The extreme north of the Gulf
contains species found nowhere else in the Red Sea
(MEPA 1987).

Subzone B (Northern Red Sea) is
characterized by the seagrass (Thalassodendron
ciliatum) which is found in this subzone and subzone A
but rarely elsewhere in the Red Sea. Temperature
may be a determinant factor for many of the species
distributions.

Subzone C (Central Red Sea, including the
Outer Farasan Bank) contains many species which
are absent from subzone B to the north and subzone
D to the south. There is some evidence that coral
abundance is important in explaining the species
distribution in this subzone as well as temperature.

Subzone D (Southern Red Sea) has many
species which are more suited to sediment-loaded
waters which occur here because of terrigenous input
and water mixing across the wide shallow coastal
shelf, The highest sea temperatures are found in this
subzone and the coral development is restricted.

3. Country by country analysis of land-
based sources and activities

3.1 Jordan

3.1.1 Introduction

The Gulf of Aqaba, access of the Hashemite
Kingdom of Jordan to the Red Sea, is 180 krn long
and 5-26 km wide, with an average water depth of 800
m. The climate in the Gulf region is arid with an
average annual rainfall of 25-30 mm and mean daily
air temperatures from 14 to 32º C (January-August).
The hydraulic detention time of the water in the Gulf is
very long, about two years. Hence, the pollutants that
enter the Gulf will remain, with little dispersion, for a
long time and consequently will have detrimental effect
on the marine life and habitats. The Gulf is
characterized by low siltation, high temperature, and
high dissolved oxygen content, and a highly complex
coral reef ecosystem. The coastline of the Gulf of
Aqaba, Jordan, is 26.5 km long. Within this small
stretch are the nation's only port, industrial facilities
vital to the national economy, a growing-tourist
industry and a delicate marine ecosystem, which is
increasingly threatened. The town of Aqaba is at the
northeastern tip of the Gulf with a population of 65,000
which is expected to increase to about 150,000 by the
year 2020. Aqaba is the residential and commercial
centre of the area and it is here that the hotels and
tourist accommodations are located. Extensive tourist
and urban development is planned (Figure 3.1) for the
next 20 years, that which will result in the significant
destruction of key habitats and marine life and,
consequently, will adversely impact on the tourism
industry, if not planned and developed on an
environmental basis with the effective enforcement of
environmental regulations.

3.1.2 Identification and assessment of main sources
of pollution

3.1.2.1 Power and desalination plants

The Jordan Electricity Authority currently
operates a 260-megawatt thermal power station in
Jordan's south coast industrial zone and has plans to
upgrade the plant to about 400 megawatts. Heated
cooling water discharges from the present and
planned power stations may have an impact on
nearby corals and marine life. At the present facility,
cooling water is discharged into the Gulf at the rate of
some 38,000 cu m/h hour from an outlet 200 m away
from the shore and 20 rn below the surface. The
temperature of this water is 3º C above water
temperature at the discharge outlet. The water
discharge temperature surveys by the Marine Science
Station showed that, within 10-15 m of the outlet, the
temperature of this water is only 1º above the ambient
water temperature (Jordan Country Report).
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3.1.2.2 Sewage treatment facilities

Until June 1987, untreated sewage was
discharged directly into the Gulf in the vicinity of the
port of Aqaba. At that time the city started treating its
waste water using a 7,200 cu m/day waste water
treatment plant prior to discharge. The treated effluent
is used for irrigation purposes-inside the treatment
plant. Considerable amounts of sewage are, however,
being discharged into the Gulf from cargo vessels, tour
boats, ferries and private yachts. In addition, there are
three vessels operated by the Arab Bridge Maritime
Company, servicing the Aqaba-Nuweiba ferry route,
which have no on-board sewage treatment systems
and, hence, untreated sewage generated from the 1.2
million passengers who travel this route annually is
dumped directly into the Gulf (Ahmed Khattab, Head
of Water and Marine Protection, Jordan, personal
communication).

3.1.2.3 Industrial facilities

In Jordan, the principal industries are located
along the coastline of the Gulf of Aqaba. These
industries include a 260 megawatt thermal power
station operated by the Jordan Electricity Authority, a
large fertilizer manufacturing facility (2,800 ton/ day),
owned and operated by the Jordan Phosphate Mine
Company; a 2,184 t/day cement plant, a storage area
and loading terminal for potash from the Arab Potash
Corporation; the Solvochem tank farm for chemicals;
oils and solvents and an associated port facility. It has
been reported (Jordan Country Report) that these
factories discharge chlorinated cooling water into the
Gulf at a rate of 20,000 cu m/h. At the discharge point
located 145 m from shore at a depth of 30 m, the
cooling water is approximately 3º C above marine
water temperature.

Phosphate dust generated by ship loading at
the Ports Corporation's phosphate berths is another
environmental issue which has received considerable
attention. Inadequate provisions for waste oil collection
and recovery pose a hazard to both the marine and
the terrestrial environment of Aqaba. Waste oil
discharged from trucks in sensitive tidal areas, poses
a direct hazard to near-shore coral and related marine
life.

3.1.2.4 Solid waste

The beaches and near-shore reef and sea
grass areas of Jordan's Gulf of Aqaba are heavily
polluted by discarded plastic and other refuse
materials.

The port of Aqaba has solid waste receptacles
in port areas and additionally provides a daily garbage
collection service via barge to ships anchored
offshore. Some 30 tons of garbage are collected by
the port of Aqaba each day, as compared to a daily
average of 60 tons collected from Aqaba homes and
businesses.

3.1.2.5 Recreation and tourism facilities

The physical alteration and destruction of
habitats as a result of dredging and filling operations
associated with urban expansion, tourist and industrial
developments, is the main source of environmental
deterioration in the Gulf of Aqaba. Tourism is an
important component in Aqaba's growing economy.
Currently, approximately 66% of tourists entering
Jordan visit Aqaba. It is estimated that about 600,000
tourists arrived in the city of Aqaba last year. In
addition, uncontrolled tourist activities such as damage
to corals by anchors, tourist boats, and coral breakage
by divers have resulted in significant damage and
destruction of key habitats of the Gulf (Ahmed
Khattab, Head of Water and Marine Protection,
Jordan, personal communication).

3.1.3 Establishment of priorities

Priorities for Pollution problems were
established on the basis of the nature and severity of
the problem, the type of contaminants, the physical
alteration and destruction of habitat, the sources of
degradation, and the nature and extent of the affected
area. The severity of the problem was assessed on
the basis of food security, public health, coastal and
marine resources and ecosystem health, and the
economic and social benefits and uses.

On the basis of the issues considered in the
previous sections, the following priority issues have
been identified:

1. Physical alteration and destruction of
habitats

2. Sewage

3. Cooling water

4. Litter

3.1.4 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following general management
objectives are set:
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Figure 2.9 Biogeographical regions of
the Saudi Arabian Red Sea
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 1. To provide the required financial and
technical support to various agencies and institutions
concerned with environmental management and
protection, thus creating a general context of
cooperation for environmental protection in Jordan,
with a view to facilitating implementation of the
present environmental law, promulgated in 1995, by
the General Corporation for Environmental
Protection.

2. To enforce and implement existing laws,
regulations and standards prepared by various
authorities to protect the marine environment.

3 To prevent the future alteration and
destruction of coastal habitats through the
implementation of the effective and integrated
management of the coastal area.

4. To develop and implement an appropriate
solid waste management programme.

5. To control coastal and marine pollution
caused by oil wastes and sewage generated from
marine vessels and to protect marine habitats from
tourist activities.

6. To develop and implement an appropriate
integrated coastal zone management plan that
regulates development projects within the coastal
area.

7. To establish and implement a national oil
contingency plan.

8. To establish and implement the appropriate
environmental awareness programme for individuals
and society and to introduce an environmental
component at the different levels of education.

3.1.5 Identification and selection of strategies and
measures

To achieve the stated overall management
objectives, presented in the previous sections, the
following strategies and measures are recommended:

1. An appropriate integrated coastal zone
management plan should be developed and
implemented, in order to regulate and control both
private and non-private development projects within
the coastal area.

2. The use of environmental impact
assessments (ElAs) should be enforced for all coastal
projects, including large-scale private projects and
government development projects.

3. Marine protected areas should be identified
and established, with a view to maintaining the

integrity and.biodiversity of their habitats.
4. A feasibility study should be carried out for

waste oil collection, recovery and reuse in the upper
Gulf of Aqaba region.

5. Regulations to control tourist activities
should
be developed and implemented.

6. The existing regulations and legislation
related to the management of coastal and marine
areas should be enforced and implemented.

7. Staff should be hired and trained to
implement the regulations; coastal zone management
and EIA specialists and experts are needed to insure
the compliance of both private and governmental
projects with the coastal zone management and EIA
regulations.

8. Regulations to control the discharge of
sewage and other wastes from ships or vessels
should be developed and implemented.

9. Waste water treatment and disposal quality
criteria should be established and implemented and
an effluent quality monitoring programme
implemented, to ensure compliance with the discharge
criteria and standards.

10. A water quality monitoring programme should be
developed, to assess current marine water quality, and
measures established for maintaining and improving
water quality. The monitoring programme should
include monthly baseline testing at selected locations,
both along the coast (including bathing areas) and in
offshore waters, so as to assess the horizontal and
vertical distribution and movement of nutrients,
inorganic components, algae, oxygen, salinity, etc.

3.1.6 Evaluating the effectiveness of the strategies
and programmes

1. A continuous assessment programme of
the status of the Red Sea resources and
environmental quality (sediments, water and biota)
should be established on the basis of well established
criteria.

2. State-of-the-art scientific technology should
be employed and efficient monitoring programmes
implemented, if possible, including the use of remote
sensing, GIS and advanced statistical analysis, to
evaluate the status of the environment and,
consequently, the effectiveness of the control
strategies and programmes.

3. A continuous water quality monitoring
programme should be carried out to evaluate the
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degree of success or failure of the proposed measures
or policies,

4. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, total nitrate,
temperature, turbidity, total organic carbon and total
solids.

5. A cost benefit analysis of the control options
should be performed on a regular basis.

6. Computer modelling and simulation
techniques should be used to forecast the impacts of
planned projects and compare the results with actual
observations obtained while implementing the control
programme or strategies.

7. A comprehensive and detailed coastal
survey, using habitat mapping, sensitivity maps, an
inventory list of rare and endangered species and
maps of their habitats for both the Red Sea and Gulf of
Aden coasts, is needed as the baseline for future
investigations.

3.1.7 Programme support elements

Jordan has made progress over the last
decade in creating and enhancing mechanisms for

environmental protection in the Aqaba region. As this
assessment illustrates, several new laws, standards
and institutions (Tables 3.2 and 3.3) have been
established (Jordan Country Report). The present
challenge is to assure that they are implemented so as
to have the maximum positive effect. On the national
level, this challenge is clearly addressed in the 1995
Environmental Protection Law, which explicitly calls for
removing administrative overlaps and ambiguity in
enforcement authority. A summary of the available
national laws, standards, guidelines for marine
pollution control and related national and local
institutions is provided below.

3.1.7.1 National and local institutions

The following national and local institutions are
supporting elements for the implementation of the
proposed strategies and programme:

General Corporation for Environmental
   Protection
Aqaba Region Authority
Ports Corporation
Royal Jordanian Navy (formerly the
   Royal Jordanian Coast Guard)
Aqaba Marine Science Station
Royal Scientific Society
Royal Society for the Conservation of
   Nature (RSCN)
Jordan Environment Society
Jordan Royal Ecological Diving Society
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3.1.7.2 Recommended additional supporting elements

To ensure adequate implementation of the
recommended national programmes, listed in the
previous section, the following additional supporting
elements are recommended:

1 . Coordination should be established and
enhanced between various agencies whose activities
overlap, with resulting conflicts within the coastal and
marine areas.

2. All legislation, regulations and standards
related to coastal activities and their control should be
enforced and implemented.

3. The technical, financial and institutional
capabilities of all governmental agencies concerned
with the protection of the marine environment should
be strengthened, so as to facilitate implementation of
the proposed control strategies.

4. Legislation and regulations and standards
related to the protection of marine environment should
be reviewed and updated, to enhance the
effectiveness of these documents.

5. The institutional arrangements of concerned
governmental agencies should be reviewed, with a
view to increasing their authority and enhancing their
effectiveness in environmental management.

3.2 Saudi Arabia

3.2.1 Introduction

The coastline of the Kingdom of Saudi Arabia'
is about 1,840 km in length, accounting for 79% of the
eastern seaboard of the Red Sea (MEPA/IUCN 1987).

Average rainfall in the coastal area is very low, less
than 70 mm/yr along the broad coastal Tihama, 16
mm/yr at Al Wejh, 63 mm/yr at Jeddah and 63 mm/yr
at Jizan. As the climate is extremely arid, much of
Saudi Arabia's biological productivity is confined to a
narrow coastal strip and originates mostly from
habitats such as coral reefs, mangrove and seagrass
communities found in shallow embayments. An
extensive survey on Saudi Arabian coastal resources
has been conducted by MEPA, in collaboration with
the World Conservation Union (IUCN) and the results
are published in a seven-volume series (MEPA/IUCN
1987).

Significant development has taken place in the
Red Sea coastal area, where, according to the 1992
census (Ministry of Planning 1994), 15.2% of the
country's population of nearly 17 million live (World
Resources Institute 1995). Jeddah, the "Bride of the
Red Sea" , is a well developed modern city of ancient
lineage. The city, the main coastal city along the
eastern side of the Red Sea, has a population of more
than two million. Several recreational cities and
centres have been developed along the coast that
required intensive dredging and filling operations. In
Jeddah there are several desalination plants serving
the general population. The Saline Water Conversion
Corporation (SWCC) supplies the largest quantity of
water, 384,000 cubic metres per day. Yanbu is
another relatively large industrial coastal city on the
eastern coast of the Red Sea. Here, the Royal
Commission. Power and Desalination Complex
provides potable water for the community within the
city and for industrial facilities from a 95,000 cu m/ day
desalination plant.

______________
¹Excluding embayments, islands, etc.
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 3.2.2 Identification and assessment of major
sources

of pollution

3.2.2.1 Power and desalination plants

Much of the rapid expansion of urban centres
has been achieved through the extensive use of
desalinated water to meet demands of the population
and industry. As of 1992, there were 18 desalination
plants operating along Saudi Arabia's Red Sea coast
with a total combined capacity of 726,343 cu m/ day
(SWCC 1992). These desalination plants are shown in
Table 3.4.

Where water issues are concerned, two main
impacts are of concern: the impact on the marine
ecosystems due to thermal pollution and the elevated
levels of salt and chlorine in the return waters. These
impacts vary with the volumes of water and the
location of the discharge, for example in shallow or
deep water. A detailed discussion of the impact of
desalination plants on the environment was presented
by Chesher (1~975).

Discharges into the marine environment from
the Jeddah plants include chlorine and anti-sealant
chemicals as well as 1.73 billion cu m of brine at
51,000 ppm, exceeding by 1.3 times the ambient
salinity of the Red Sea, at a temperature of 41° C
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Figure 3.1. Land uses on Jordan’s Aqaba coast (source: Aqaba Region Authority Revised Land Use
Master Plan)
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(approximately 90 C above the average ambient Red
Sea temperature).

In Jeddah there are several desalination
plants serving the general population and specific
facilities. The desalination plant of the Jeddah Sea
Water Conversion Company supplies the largest
volume of water, 384,000 cu m/day.

In Yanbu, the Royal Commission Power and
Desalination Complex provides potable water for the
community within the city and for the industrial
facilities. It also provides process water and industrial
cooling seawater for various industries. The total
quantity of cooling water used by various industries is
about 190,000 cu m/day. The quantities of cooling
water used for the refinery plant, power plant and

In Jeddah, approximately 65% of the population is
connected to the sewerage system. The collected
sewage is treated by six public-sector secondary-level
treatment plants. The remaining 35% of the city's
population uses septic tanks for for disposal and
treatment of its sewage.

The city's public sector sewage treatment
plants operate at a total capacity of 191 000 cu m/day,
exceeding by 32% their design capacity of 145,000 cu
m/day. 40,000 cu m/day of treated waste water is
reused for city landscape while the remaining 146,000
cu m/day of treated waste water is discharged into the
Red Sea after proper chlorination.

An activated sludge sewage treatment plant,
with a 27,000 cu m/day design capacity, is used to

the desalination plant are 55,000, 54,000 and 18,000
cu m/day respectively.

A comprehensive monitoring programme has
been implemented to ensure that the allowable limit of
321, C will not be exceeded in the vicinity of the port
barrier reef.

In addition to power generation, the city
includes six 9,1120 cu m/day desalination units (multi-
stage flash evaporation) and two 9,600 cu m/day
desalination units at Al-Jabriah Desal Barge. The
desalination plants discharge non-contact cooling
seawater and concentrated brine into the sea, using
an outfall channel. Each desalination unit discharges
about 3,787 cu m/day of brine, with a concentration of
50,000 ppm and a temperature of about 390 C.

3.2.2.2 Sewage treatment facilities

The main cities on the Saudi Arabia coast of
Red Sea are Jeddah and Yanbu. These two cities
have commercial and industrial facilities. Yanbu in
particular

is well-known for its heavy industrial base.
treat domestic waste water generated in Yanbu City
(Madinat Yanbu Al-Sinaiyah). A flow rate of 15,900 cu
m/day is received at the plant for treatment, where a
good quality treated waste water is produced. As the
plant provides advanced treatment at the tertiary level,
the quality of the treated waste water is suitable for
irrigation. The treated waste water from this plant is
reused for the city gardens. In times of low irrigation
demand, a limited amount of treated waste water is
discharged to the sea.

The waste water disposed to septic tanks in
coastal cities, to , towns and villages is subject to I
land treatment. A small proportion of municipal waste
water is treated in privately owned sewage treatment
plants situated in big companies and residential
buildings. The treated waste water from these sewage
treatment plants is also disposed on land or reused for
their own garden irrigation. Table 3.5 shows the actual
pollution loads (tons per year) discharged into the Red
Sea through municipal waste water treatment facilities
in the cities of Jeddah and Yanbu.
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3.2.2.3 Industrial facilities

In Jeddah, an industrial area comprising
approximately 300 small and medium-sized industries
is situated in the southern part of the city. These
industries are connected to a central industrial waste
water treatment plant comprising a pretreatment
system, for pH adjustment, and a secondary treatment
system. The plant receives about 6,000 cu m/day
while its design capacity is 12,000 cu m/day. The
treated effluent from the plant is pumped to AI-Khomra
sewage treatment plant for further treatment. In
Yanbu, a large industrial facility is located in Madenat
Yanbu Al-Sinayah. This industrial city comprises two
oil refineries, petrochemical plants, a power plant, food
industry and other small industries. Each industrial
facility, after pre-treating its waste water to comply with
the pretreatment standards, discharges the waste
water into the industrial waste water treatment plant
(IWTP). The central industrial waste water treatment
plant comprises rotating biological contactors and an
activated sludge system. As currently operated, the
plant treats 9,000-12,000 cu m/day, i.e., about 45% of
its design capacity, of pre-treated (using the dissolved
aeration system) industrial waste water generated by
the industrial city. A dual media filtration system is
provided as post-treatment, prior to final discharge.
Three oxidation ponds (each with a retention time of 8-
10 days) are kept as a stand-by for temporary storage.
The characteristics of waste water before treatment
OWTP influent) and after treatment OWTP effluent)
are given in Table 3.6. Currently, about 30% of the
effluent from the industrial waste water treatment plant
is re-used by Madenat Yanbu AI-Sinayah industries
and the remainder is discharged into the Red Sea.

There is also a plan to make full use of this
water in the future (Munir Dahlawi, personal
communication). The pollution loads discharged into
the Red Sea from the industrial waste water treatment
plant in the industrial city of Yanbu, taking into
consideration that 30% is reused and 70% discharged,
have been computed to be as follows: TSS 32
tons/year, BOD 48 tons/year, COD 196 tons/ year, oil
and grease 3.5 tons/year and NH3 -N 2.4 tons/ year.

The ballast water treatment plant at the marine
terminal was built by the Royal Commission and at
present it is used by the Export Refinery (Samref).
Samref operates this treatment plant for treating the
oil-polluted seawater (ballast water) from incoming
tankers whose ballast water tanks are not of
segregated design. This off-loaded ballast water first
goes to settling tanks for initial oil/water separation by
gravity settling. The settled water is then transferred to
API oil/water separators for the removal of residual oil.
The outfall from the API separator is directed into a
settling pond. The treated ballast water, with an
average oil and grease concentration of about 6.0
mg/l, is then discharged into the Red Sea. The
average discharge rate into the Red Sea is about
4,000 cu m/day. The maximum design discharge rate
of this ballast water treatment plant is 90,000
cu'm/day. The pollution loads from the ballast water in
Yanbu are TSS 19.7 tons/year, oil and grease 8.8
tons/year. A monitoring programme has recently been
adopted by the Royal Commission to insure
compliance with ballast water discharge standards set
by MEPA (Munir Dahlawi, personal communication).

3.2.2.4 Recreation and tourism facilities

As in large coastal cities, large recreational
cities and centres have been developed along the
Jeddah coastline without any adequate evaluation of
potential environmental impacts (Figure 3.2). The
construction of these large projects has required
significant dredging and filling operations, which
adversely impact the coastal environment. In addition
to the direct destruction of marine life and key habitats
by dredging and filling, and other coastal construction
and modification operations, the suspended fine
materials resulting from these activities can result in
widespread damage to marine life. Sedimentation
from these operations results in the suffocation of the
benthic communities and has an adverse effect on the
surrounding ecosystems (mangroves, seagrass beds
and coral reefs) and, as a consequence, a decline in
the productivity of the sea, such as shrimping grounds
and other demersal fisheries. The practice of
extending plots onto the coast and into the sea for
urbanization and industrial and recreational
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developments prevents marine recreation and restricts
access to the sea by the people; such developments
change the current pattern, morphology and substrate,
thus affect the marine life, and usually provide new
sources of continuous degradation.

3.2.2.5 Oil refineries

There are four oil refineries located along the
eastern side of the Red Sea: Petromin-Mobil Yanbu
Kefi, Samarec Yanbu Refinery, Jeddah Refinery and
Rabigh Refinery. The pollution loads from two of the
oil refineries in Yanbu have already been included in
the industrial waste water pollution loads from Madinat
Yanbu Al-Sinaiyah under section ~.2.2.3. Although
treatment facilities are provided for all the refineries
and data on the quality of the treated effluent is
generally acceptable, the refineries poses a threat to
the marine environment in the absence of adequately
enforced regulations related to effluent discharges into
the coastal and marine environment.

3.2.3 Establishment of priorities

Priorities for pollution problems were
established on the basis of the nature and severity of
the problem the type of contaminants the physical
alteration and destruction of habitat sources of
degradation and the nature and extent of the affected
area. The severity of the problem was assessed on
the basis of food security, public health, coastal and
marine resources and ecosystem health, and the
economic and social benefits and uses.

On the basis of the issues considered in the
previous sections, it is evident that the main land-
based sources of pollution originate from continuous
coastal development projects, sewage treatment
facilities, industrial facilities, power and desalination
plants. Hence, the following priority issues have been
identified:

1. Physical alteration and destruction of
habitats

2.   Sewage
3.   Oil and organic pollutants
4.    Heated brine and cooling water
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Analysis of the above priority issues on the
basis of type of pollutant, severity of impact, area
affected and economic considerations has revealed
that physical alteration or destruction of marine
habitats should be considered as the first priority issue
in Saudi Arabia (Table 3.7). As stated before,
considerable construction projects and large scale
coastal recreational cities (corniche facilities,
recreational centres, hotels, restaurants) have been
developed in the last few years that have caused
significant destruction of marine habitats and marine
environment.

The second priority issue is the continuous
discharge of untreated or partially treated sewage into
the marine environment. As mentioned before, most of
the treatment plants in the city of Jeddah are
overloaded and, hence, the effectiveness of treatment
is very low, hence, the low quality of treated effluent
from the plants. The last two issues are localized in
nature and the estimated impacts are not that
significant.

3.2.4 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following general management
objectives are set:

1. To prevent the future alteration and
destruction of coastal habitats through the
implementation of the effective and integrated
management of the coastal area.

2. To minimize the impact of coastal
development on coastal and marine habitats and to
restore the affected key habitats.

3. To reduce the adverse impact of sewage
disposal on the public health of coast water and
marine resources users and on marine life and their
habitats.

4. To ensure that the discharged treated
effluent complies with national or international
environment and health quality standards.

3.2.5 Identification and selection of strategies and
measures

To achieve the stated overall management
objectives, presented in the previous section, the
following strategies and measures are recommended:

1 . An appropriate integrated coastal zone
management plan should be developed and
implemented, in order to regulate and control both

private and non-private development projects within
the coastal area.

2. The use of ElAs should be enforced for all
coastal projects, including large-scale private projects
and government development projects.

3. Effective control of dredging and filling of
coastal and marine areas for urban and industrial
development, port construction and the maintenance
and dredging of navigational channels should be
developed and implemented.

4. The existing regulations and legislation
related to the management of coastal and marine
areas should be enforced and implemented.

5. Staff should be hired and trained to
implement the regulations. Coastal zone management
and EIA specialists and experts are needed to ensure
the compliance of both private and governmental
projects with the coastal zone management and EIA
regulations.

6. Private sector actors whose activities may
lead to destruction of key habitats should be
encouraged to adjust these activities so that their
impact is reduced or avoided.

7. Efforts should be made to upgrade existing
or construct new treatment plants to accommodate the
excess waste water flows. More effective utilization of
treated sewage water is needed to achieve the "no-
discharge" policy regarding sewage discharge into the
Red Sea.

8. Existing treatment plants that use the Red
Sea as the final disposal of treated effluent should be
operated and maintained in such a way as to ensure
reliable and acceptable performance.

9. Waste water treatment and disposal quality
criteria should be established and implemented and
an effluent quality monitoring programme implemented
to ensure compliance with the stated discharge criteria
and standards.

10.The treated effluent should be utilized and
reused, in view of the very limited resources in Saudi
Arabia and with a view to reducing the current
pressure on water resources and minimizing the
pollution loads exerted on the marine environment.

11. A water quality monitoring programme
should be developed, in order to assess current
marine water quality, and to establish measures for
maintaining and improving water quality. The
monitoring programme should include monthly
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baseline testing at selected locations both along the
coast (including bathing areas) and in offshore waters,
so as to assess the horizontal and vertical distribution
and movement of nutrients, inorganic components,
algae, oxygen, salinity, etc.

12. Coastal habitats that have suffered decline
or loss as a result of human activities should be
restored.

13. Marine protected areas should be
identified and managed so as to maintain the integrity
and biodiversity of their habitats.

14. Efforts should be made to ensure that the
location and design of shell fisheries, water intakes
and bathing areas meet the stated environmental
quality criteria, and to ensure that they are not
exposed to pathogens and that sensitive environments
(such as lagoons, coral reefs, seagrass beds,
mangroves, etc.) are not exposed to excess nutrient
loads.

15. Tried and tested economical and effective
pollution control technologies should be adopted,
capable of reducing the impact of sewage disposal on
the coastal and marine environment. For example, the
use of a biological nutrient removal system that
significantly reduces the nutrient concentrations from
the treated effluent should be considered (Abu-
Gharara 1994). Another possibility that should be
considered is the use of ultraviolet radiation as an
alternative to the locally used chlorination systems, to
avoid the chlorine toxicity of disposed treated effluent
on marine life (Abu-Gharara 1995).

3.2.6 Evaluating the effectiveness of strategies and
measures

1. A continuous assessment programme on
the status of the Red Sea resources and
environmental quality (sediments, water and biota)
should be established, on the basis of criteria set by
MEPA.

2. The latest scientific technology and efficient
monitoring programmes should be implemented, if
possible, including the use of remote sensing, GIS and
advanced statistical analysis, to evaluate the status of
the environment and, consequently, the effectiveness
of the control strategies and programmes.

3. A continuous water quality monitoring
programme should be carried out to evaluate the
degree of success or failure of the proposed measures
or policies.

4. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, total nitrate,
temperature, turbidity, total organic carbon and total
solids.

5. A cost-benefit analysis of the control options
should be performed on a regular basis.

6. Computer modelling and simulation
techniques should be used to forecast the impacts of
planned projects and to compare the results with
actual observations obtained while implementing the
control programme or strategies.

7. A comprehensive and detailed coastal
survey, using habitat mapping, sensitivity maps,
inventory lists of rare and endangered species and
maps of their habitats for both the Red Sea and Gulf of
Aden coasts, is needed as the baseline for future
investigations and the subsequent updating of
strategies.

3.2.7 Programme support elements

MEPA is the central environmental agency in
Saudi Arabia. It has not, however, been given the
extensive enforcement and regulatory powers which
are vested in developed country environmental
agencies. Instead, Saudi Arabia has chosen to
distinguish between the setting of environmental
criteria, such as standards, and actual operational
management. Thus, operational agencies such as the
Ministry of Petroleum, the Ministry of Agriculture and
the Ministry of Industry and Electricity retain actual
regulatory control over activities carried out under their
respective mandates, while MEPA sets environmental
performance standards, monitors the activities of
operational agencies and serves as a central
coordinator for environmental management. MEPA
has entered into a specific memorandum of
understanding with the Royal Commission for Jubail
and Yanbu, in which the Commission has been
granted the authority for managing environmental
activities in the industrial cities. The arrangement has
been so successful that, in 1987, the Royal
Commission for Jubail and Yanbu was awarded the
United Nations Sasakawa Award for its environmental
achievements. A recent analysis of environmental
management in Saudi Arabia (MEPA/MOFNE/World
Bank 1994) has suggested that this approach should
be employed on a broader basis.

Saudi Arabia has already taken significant
action to improve its capacity for environmental
protection.
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A new national environmental law has been developed
by MEPA and approved by the Ministerial Committee
for Environment. Similarly, an integrated coastal zone
management plan for Saudi Arabia has been set and
approved by the Ministerial Committee for
Environment. MEPA has prepared several standards
and regulations to control coastal and marine pollution
and it has jurisdiction for the prevention of pollution in
the territorial sea (Royal Decree No. 7/505M). The
Ministry of Agriculture and Water has jurisdiction to
control fishery activities. To ensure the adequate
implementation of the recommended national
programmes, listed in the previous section, however,
the following supporting elements are essential:

1. Coordination should be established and
enhanced between the many agencies whose
mandates overlap, with resulting conflicts between the
coastal and marine activities.

2. All legislation, regulations and standards
related to coastal activities and their control should be
enforced and implemented.

3. The financial and institutional capabilities of
MEPA, the country's central agency for environmental
protection, should be strengthened to facilitate
implementation of the proposed control strategies and
programmes.

4. The technical capabilities of MEPA and
other related agencies should be enhanced, by
providing sufficient numbers of experts and qualified
staff (environmental scientists and engineers,
specialized technicians and coastal zone management
and EIA experts) capable of implementing the
preselected programmes and measures.

5. Legislation, regulations and standards
related to the protection of the marine environment
should be reviewed and updated, in order to enhance
their effectiveness.

6. The institutional arrangement of MEPA
should be

revised, with a view to strengthening its authority and
enhancing its effectiveness in environmental
management.

3.3 Egypt
3.3.1 Introduction

The total length of the Egyptian Red Sea
coast is about 1,705 km. Of this, 760 km is Red Sea
coast and 945 km is the coastline of the gulfs of Suez
and Aqaba. Some industries are located along the
Red Sea coast, in Hurghada, Safaga and Quseir.
Several urban centres have also been developed
along the coast, including Suez, Hurghada and Sharm
el Sheikh. Tourism in the Red Sea is a flourishing
industry with ever increasing capacity, as the Red Sea
lures tourists with its fascinating nature and climatic
conditions. The most extensive tourism development
in the Red Sea coastal area has taken place in Egypt.
Large sectors of the Egyptian coasts of the Red Sea,
the Gulf of Aqaba and the Gulf of Suez have been
developed into beach resorts. It is estimated that the
Red Sea coast and the Gulf of Aqaba will attract over
one million tourists during the next few years (Saleh
1995). Hence, tourism development may lead to a
serious threat to both the marine environment and the
tourism industry itself, if not planned and developed on
a sound environmental basis with the effective
enforcement of environmental regulations.

3.3.2 Identification and assessment of the main
sources of pollution

3.3.2.1 Power and desalination plants

In Egypt, most tourism areas on the coasts of
the Red Sea and Gulf of Aqaba meet their fresh water
requirements through the desalination of sea water or
brackish groundwater. In addition, most of the
Egyptian Red Sea coastal towns have their own
desalination plants. These government-owned
desalination plants discharge their brine effluent into
the sea, which most likely has resulted in considerable
local damage to marine life. Tourist facilities outside
these towns have their own desalination plants, using
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reverse osmosis units. The operational capacities of
these plant and effluent discharges in terms of quantity
and quality are not known, however.

3.3.2.2 Sewage treatment facilities

One of the main sources of pollution of the
coastal areas in the Red Sea is the discharge of poorly
treated or untreated sewage effluents into the marine
environment. Egyptian Red Sea tourist areas located
outside city limits have their own sewage treatment
facilities. Many of these establishments use compact
treatment units which operate under widely fluctuating
flows. These highly variable flows, the result of
significant variations in hotel occupancy, are
responsible for the failure of these package systems to
produce acceptable effluent qualities. The discharge of
treated effluents into the sea occasionally occurs.
Pollution due to sewage discharge from tourist
facilities, and the consequent damage to marine life, is
evident in Taba, Nuweiba and Sharm el Sheikh on the
Egyptian Gulf of Aqaba coast, and at several localities
on the Egyptian Red Sea coasts. Information on the
quantity and quality of waste water discharges from
various sources and on the methods and location of
discharges is not available, however (Saleh 1996;
Saclok 1996).

3.3.2.3 Agricultural activities

There are quite considerable agricultural
activities in the Suez Gulf. Fertilizer and pesticide
residues are discharged into the Gulf as a result of
agricultural run-off.

3.3.2.4 Industrial facilities

There are two main industries in the Suez
area: the Nasr Fertilizers and Chemicals Company,
producing 107,485 tonnes of calcium nitrate and
54,127 tonnes of ammonium sulphate per year; and
the Metals and Medical Glass Company. Both
discharge their industrial and municipal waste water
into the Gulf of Suez. The Nasr Company discharges
its waste water through open channels. The total
volumes discharged into the Suez Gulf are 3,713 cu m
of waste water, 3,189 cu m of cooling water and
11,154 cu m of untreated sewage per day (Table 3.8).

The concentrations of total free ammonia and sulphate
in the waste water were found to be 233

3.3.2.5 Recreation and tourism facilities

Drawn by the attractive marine life and the
favourable climate, a major tourist industry has
evolved on the coasts of the Red Sea, the Gulf of
Aqaba and the Gulf of Suez (Figure 3.3). The most
intensively developed areas are Hurghada and Sharm
el Sheikh. Significant tourist development has also
taken place at Dahab, Nuweiba and Taba on the Gulf
of Aqaba coast as well as at Safag and Quseir on the
Red Sea coast, and the northern sector of the Gulf of
Suez. At present, the Egyptian Red Sea coastal
resorts include 23 hotels and 20 tourist villages, with a
total capacity of 11,307 beds. In 1993, these resorts
received a total of 879,000 tourists. The Egyptian Gulf
of Aqaba resorts include 18 hotels and 29 tourist
villages, providing a total of 9,474 beds, and they
received 411,000 tourists in 1993. An additional hotel
and tourist village, with capacities of 11 180 and 5,658
beds, respectively, are now under construction, the
first on the Red Sea coast and the second in the Gulf
of Aqaba (Hawkins and Roberts 1994; Saleh 1996).

To achieve sustainable tourism development
in coastal areas, the ecological and social carrying
capacities of these areas should not be exceeded. It
has been reported that areas such as Hurghada and
Sharm el Sheikh have been developed and exploited
beyond their ecological and social carrying capacities
and are already showing signs of environmental
degradation. Evidence of reef degradation due to
tourism and other activities is clear even in areas such
as the Ras Mohammad National Park in Egypt.
Hence, careful and site-specific research is needed to
ensure sustainable tourism development in Egypt
(Saleh 1996).

3.3.2.6 Coastal construction, mining and quarrying
activities

Coastline alteration, from dredging and filling
operations of shallow areas and the excavating
artificial lagoons, to the construction of huge marine
structures, is one of the environmental problems
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causing massive destruction of marine life and key
habitats in several locations along the Egyptian coast.
Extensive coastline modifications have been carried
out on an increasing scale in Hurghada and other
areas. Currently, the original coastline has been
completely altered by dredging and filling operations
(Saleh 1996).

In addition to the direct destruction of marine
life by dredging, filling and other coastal construction
and modification operations, suspended fine
sediments resulting from these activities can inflict
widespread damage on marine biotic communities.
These suspended sediments can travel great
distances, driven by the prevailing water currents,
spreading death and destruction to coral reefs,
seagrass beds, mangroves and other marine life, over
distances of dozens of kilometres away. Layers of
these fine sediments, settled on the bottom in shallow
areas, can easily become re-suspended with the
slightest water agitation, creating a continued source
of pollution. On the Hurghada coast, sediments from
coastal alteration activities have spread to extensive
fringing reefs, down the coastline and to the adjacent
islands and offshore reefs, and are causing significant
destruction of the corals and severe damage to
mangroves.

Vast areas of seagrass have been destroyed
as a result of dredging and filling activities, particularly
in 1-iurghada, and other tourism centres in Aqaba
(Thayer et al. 1975; Sadok 1996). The resulting
changes in the coastline morphology have resulted in
considerable modifications in the current regimes and
this has created a plethora of erosion and
sedimentation problems affecting the entire area.
Excessive erosion, garbage trapping and unsightly
man-made marine structures have severely impacted
on the tourism marketability and competitiveness of
the area (Saleh 1996; Sadok 1996)

3.3.3 Establishment of priorities

Priorities for pollution problems were
established on the basis of the nature and severity of
the problem, the type of contaminants, the physical
alteration and destruction of habitat, the sources of
degradation, and the nature and extent of the affected
area. The severity of the problem was assessed on
the basis of food security, public health, coastal and
marine resources, and ecosystem health and the
economic and social benefits and uses.

On the basis of the issues considered in the
previous sections, it is evident that the main land-
based sources of pollution originate from continuous
coastal development projects, sewage treatment
facilities, industrial facilities, power and desalination
plants. Accordingly, the following priority issues have
been identified:

1 . Physical alteration and destruction of habitats

2. Sewage and nutrients

3. Cooling water

4. Organic pollutants

Analysis of the above priority issues on the
basis of type of pollutant, severity of impact, area
affected and economic considerations has revealed
that physical alteration and destruction of marine
habitats should be considered the first priority issue in
Egypt (Table 3.9). As stated before, tourist
developments on the coast of the Red Sea and its two
gulfs have required significant dredging and filling
operations, to develop huge marine structures, with
artificial lagoons and sandy beaches. The dredging
and filling operations have caused considerable
damage to marine life and key habitats. In addition,
the suspended solids generated during these
operations cause significant damage to the benthic
communities, as the suspended solids can be carried
by the prevailing water current over long distances and
thus cause widespread damage to marine life.

The widespread impact of the sediments has
been observed in Hurghada, where such sediments
have spread to extensive fringing reefs down the
coastline and to the adjacent islands and offshore
reefs, forming a thick veneer of fine sediments on the
surface of the corals. Some tourist and boating
activities have caused significant damage to key
habitats and loss to the diversity of marine life,
including corals and starfish.

Sewerage was considered to be second
priority issue in Egypt. Because of rapid population
growth and urbanization and the lack of adequate
treatment and disposal facilities for municipal waste,
untreated and partially treated domestic and municipal
wastes are dumped in the coastal areas and into the
sea in and around the main cities of Egypt, namely,
Taba, Nuweiba and Sharm el Sheikh in the Gulf of
Aqaba and many other cities on the Egyptian Red Sea
Coast. Handling (collection, treatment and disposal) of
these wastes in an environmentally sound manner
should be considered one of the country's top
priorities.

The issue of persistent organic pollutants is of
particular importance because of the substantial use of
pesticides, insecticides, and herbicides for agricultural
purposes. As mentioned before, considerable
agricultural activities have been established in-the
Suez Gulf. Fertilizer and pesticide residues are being
discharged into the Gulf as a result of agricultural run-
off. The high phosphate loads entering the marine
environment can result in significant eutrophication. In
addition, the two main
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fertilizer and chemical industries (discussed before) in
Suez discharge about 3,713 cu m/day of industrial
waste, containing various organic pollutants, into the
Gulf of Suez.

3.3.4 Setting management objectives for priority
problems

1. Programmes and policies should be
developed to control the adverse impacts of the tourist

industry and developments of the  marine
environment.

2. An integrated coastal zone management
plan should be established and implemented, to
ensure sustainable development of the coast and to
reduce conflicts between the coast users.

3. Coastal and marine pollution from fertilizer
and chemical industries in Suez should be prevented.
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4. Coastal and marine pollution from the
untreated sewage generated from tourist facilities (in
Taba, Nuweiba and Sharm el Sheikh) should be
prevented.

5. The deleterious effects of continued
shoreline alteration, dredging and land-filling on the
coastal and marine environment should be prevented.

6. The current environmental legislation
should be reviewed and updated, so as to enhance its
effectiveness and to improve coordination with other
relevant sectors.

3.3.5 Identification and selection of strategies and
measures

To achieve the stated management
objectives, the following strategies and measures are
recommended:

1. The use of ElAs should be enforced for all
tourist and development coastal projects, including
large-scale private and government development
projects.

2. All industrial discharges, especially from
fertilizers and chemical industries, on a regular basis,
should be monitored, to ensure their compliance with
local standards and criteria set for effluent discharge
into the marine environment.

3. A comprehensive monitoring programme
should be established, to provide baseline information
with respect to marine environment resources and
biodiversity.

4. All policies related to coastal and marine
management should be integrated in national
development plans.

5. Effective control of the dredging and filling
of coastal and marine areas for urban and industrial
development, port construction, as well as
maintenance and dredging of navigational channels,
should be developed and implemented.

6. The existing laws, regulations and other
legislation related to the management of coastal and
marine areas should be implemented and enforced.

7. Staff should be hired and trained to
implement regulations and to insure the compliance of
both the private and governmental projects with the
stated regulations both for coastal zone management
and EIA.

8. Private sector actors whose activities may
lead to destruction of key habitats should be

encouraged to adjust these activities so that their
impact are reduced or avoided.

9. Efforts should be made to upgrade or
construct new treatment plants to accommodate
excess waste water flows at present and in the future.

10.A comprehensive zoning system should be
established, to designate intended uses of coastal
areas and to identify protected areas and public parks.

11 Waste water treatment and disposal quality
criteria should be established and implemented, and
an effluent quality monitoring programme
implemented, to ensure compliance with the stated
discharge criteria and standards.

12.A water quality monitoring programme
should be established, to assess current marine water
quality, and measures established for maintaining and
improving water quality. The monitoring programme
should include monthly baseline testing at selected
locations both along the coast (including bathing
areas) and in offshore waters, so as to assess the
horizontal and vertical distribution and movement of
nutrients, inorganic components, algae, oxygen,
salinity, etc.

13.Programmes should be established to
restore coastal habitats that have suffered decline or
loss as a result of tourist and other development
activities.

14.Marine protected areas should be identified and
established, so as to maintain the integrity and
biodiversity of their habitats.

15. Care should be taken to ensure that the
location and -design of marine outfall systems to
discharge treated effluents into the sea meet the
appropriate environmental quality criteria, i.e., avoid
the exposure of shell fisheries, water intakes, and
bathing areas to pathogens and avoid the exposure of
sensitive environments (such as lagoons, coral reefs,
seagrass beds, mangroves, etc.), to excess nutrient
loads.

16.Tried and tested economical and effective
pollution control technologies should be adopted,
capable of reducing the impact of sewage disposal on
the coastal and marine environments. For example,
the use of a biological nutrient removal system that
significantly reduces the nutrient concentrations from
the treated effluent should be considered (Abu-
Gharara and Sherrard 1993). Another possibility that
should be considered is the use of ultraviolet radiation
as an alternative to the locally used chlorination
systems, to avoid the chlorine toxicity of the disposed
treated effluent on marine life (Abu-Gharara 1994)
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3.3.6 Evaluating the effectiveness of strategies and
measures

1. A continuous assessment programme of
the status of the Red Sea resources and
environmental quality (sediments, water and biota)
should be established and used as a baseline while
investigating the status of the marine environment. -

2. Epidemiological studies should be
conducted to correlate the health of exposed
population with the quality of bathing water and edible
sea food.

3. Use should be made of the latest scientific
technology and efficient monitoring programmes (if

of planned projects and to compare the results with
actual observations obtained while implementing the
control programme or strategies.

3.3.7 Programme support elements

The Egyptian Environmental Affairs Agency
(EEAA) has jurisdiction to set the general
environmental policy and formulate regulations,
standards and guidelines to protect the environment
and to ensure compliance with these regulations. The
Ministry of Tourism is responsible for the planning and
development of the country's tourist industry. The Red
Sea coastal governorates are also responsible for
coordinating various activities along the coast and

possible) including the use of remote sensing, GIS and
advanced statistical analysis to evaluate the status of
the environment and, consequently, the effectiveness
of the control strategies and programmes.

4. A continuous water quality monitoring
programme should be carried out to evaluate the
degree of success or failure of the proposed measures
or policies.

5. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner,
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, nitrate,
temperature, turbidity, total organic carbon and total
solids.

6. A cost-benefit analysis should be made of
the control options, on a regular basis.

7. Computer modelling and simulation
techniques should be used to forecast the impacts

for assessing the implementation of mandatory
regulations related to environmental protection. In
addition to EEAA and the Ministry of Tourism, the
following bodies are identified by the Environmental
Act as being involved in the management of the
coastal and marine areas: the Port and Lighthouse
Authority, the Suez Port Authority, the Suez Canal
Authority, and the General Organization for Coastal
Protection. To ensure adequate implementation of the
recommended national programmes and strategies
listed in the previous section, however, the following
supporting elements are essential:

1. The technical financial and institutional
capabilities of EEAA and related agencies should be
strengthened to facilitate implementation of the
proposed control strategies and programmes.

2. All legislation, regulations and standards
related to coastal activities and their control should be
enforced and implemented.

3. Finance and technical support should be
provided to all relevant governmental agencies (such
as the Ministry of Tourism, KSCG) to facilitate
compliance with the laws and regulations set by
EEAA.
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4. Coordination should be established and
properly coordinated between the various
governmental agencies whose mandates or activities
overlap and cause conflicts within the coastal and
marine activities.

5. Legislation, regulations and standards
related to the protection of marine environment should
be reviewed and updated, in order to enhance their
effectiveness.

6. The institutional arrangements of all
concerned governmental agencies should be revised
with a view to increasing their authority and enhancing
their effectiveness in environmental management.

3.4 Sudan

3.4.1 Introduction

The coastline of the Sudan on the Red Sea is
about 750 km long, including embayments and inlets.
The average rainfall is generally low, about 36 mm/ yr
at Halaib and 164 mm/yr at Suakin. The Sudanese
Red Sea coast is famous for its attractive, and mostly
pristine, habitats, especially coral reefs. Three distinct
depth zones have been recognized: the shallow reef-
studded shelves of less than 50 m, the deep shelves
of 500-1000 m, and the central trench of more than
1000 m, reaching a maximum depth of 3000 m,
measured off Port Sudan city.

Sea surface temperatures of Port Sudan
range from 26.2° to 30.5° C. In shallow and enclosed
coastal waters, they may be higher. At a 150 m of
depth the range is still 23.9°-25.9° C, and the minimum
temperature is 21.6° C.

For the people of Port Sudan, the sea offers
the main source of recreation: swimming, fishing and
boating are popular. Because of lack of equipment,
snorkelling and diving are limited.

3.4.2 Identification and assessment of main sources
of pollution

The Sudanese Red Sea environment is still in
a largely pristine state. Pollution is confined to waters
close to Port Sudan but, as urban, industrial and
recreational developments in the coastal areas
continue, marine degradation will spread and threats
will further increase. In addition, the accelerated
growth rate of the coastal population will result in
significant impacts on the coastal environment. At the
present time, man-induced pressure is particularly
high in the vicinity of the two coastal cities, namely
Port Sudan and Suakin, and in the mangrove areas.
Man introduces a variety of substances and energy
into the marine environment of the Sudan and is thus

responsible for a variety of deleterious effects.
Presently pollution is still concentrated in the waters
close to Port Sudan, but as development of the coastal
plain continues, pollution is going to aggravate and
spread. The main sources can be summarized as
follows.

3.4.2.1 Power and desalination plants

Fresh water production by desalination is very
limited in the Sudan. Two industrial installations have
been developed on the coast that have their own small
desalination plants. While information on capacities
and waste generations from these plants is not
available, it is known that a main power plant located
in Port Sudan provides the needed power supply to
residents, industries and the port facility. The plant
discharges its waste oil and cooling water directly into
the Red Sea.

3.4.2.2 Sewage treatment facilities

With the rapid urbanization and inadequate
facilities for the collection, treatment and disposal of
municipal and domestic liquid and solid waste, the
coastal and marine life in coastal cities like Port Sudan
is deteriorating.

The discharge of untreated sewage into the
sea without an appropriate outfall system has resulted
in a considerable deterioration of the marine life and
the exposed habitats. This can be clearly observed in
the harbour and at Abu Hashish.

3.4.2.3 Industrial facilities

Industry is mainly located in the vicinity of Port
Sudan on the coast of Red Sea. While as yet there are
more than 20 main industrial plants, the pollutants
include almost every category, namely: oil, chemicals,
warm water and a variety of other contaminants.
These industries include an oil refinery with a capacity
of 1.1 million tons/year. The refinery has a physical
and chemical treatment facility for its waste water.
Cooling water and the treated waste water are
discharged to the sea through a 1 km-long pipeline.
These industries are responsible for the continuous
deterioration of the quality of marine life and their
habitats. Because of inadequate maintenance and
control programmes, Port Sudan facilities discharge
their oily waste directly into the sea.

3.4.2.4 Recreation and tourism facilities

Waste disposal from tourist boats is a
problem, as indicated by the beverage cans littering
some of the most beautiful diving sites or their
vicinities. Other adverse effects of tourism are reef
destruction by
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Figure 3.3. Tourist areas in Egypt (hatched areas), as designated by issuing decree (Fawzi 1995)

trampling or by anchors, the use of spearguns and the
collection of marine organisms.

3.4.2.5 Port facilities

Oil is leaking from the oil terminal and tankers
in the harbour. Port Sudan harbour is seriously
polluted with oil and the oil film extends out to the edge
of the Wingate Reef. Furthermore, the shipyard also
discharges its waste oil directly into the sea. A study of
oil pollution has shown a significant effect on the
productivity and fauna, especially the benthic fauna of

some sites in the harbour, which have disappeared
completely (Sudan Country Report).

3.4.2.6 Agricultural activities

Other potential hazards include effluent from
the Tokar Delta Agricultural Scheme. The Locust
Control Programme of-the Red Sea area in Sudan is
probably the largest in Africa and the Middle East.
Large quantities of insecticides are being sprayed
every year along most of the coast. Sometimes
untested chemicals are used without any follow-up to
observe possible residues or environmental impact.
This is a serious issue that needs urgent study.
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3.4.2.7 Coastal construction, mining and quarrying
activities

The practice of extending plots on to the
beach and into the sea is a special category of
pollution (Figure 3.4). Such extensions prevent marine
recreation and restrict access to the sea for the
people; they change the current pattern, morphology
and substrate, thus affect the marine life, and usually
provide new sources of pollution. In view of the land
available in the vicinity of Port Sudan, and in
consideration of the scarcity of any forms of recreation
other than marine, extensions are counter to sound
urban and coastal planning.

The effluents from mining in the area north of
Port Sudan, namely, gold mining at Gebeit el Maadin
and gypsum mining at Eit, also pose serious threats to
the Red Sea environment.

3.4.3 Establishment of priorities

Priorities for pollution problems were
established on the basis of the nature and severity of
the problem, type of contaminants, physical alteration
and destruction of habitats, sources of degradation,
and nature and extent of the affected area. The
severity of the problem was assessed on the basis of
food security, public health, coastal and marine
resources and ecosystem health, and the economic
and social benefits and uses.

On the basis of the issues considered in the
previous sections, it is evident that the main land-
based sources of pollution originate from continuous
coastal development projects, sewage treatment
facilities, industrial facilities and power and
desalination plants. Accordingly, the following priority
issues have been identified:

1. Oil wastes

2.  Physical alteration and destruction of
     habitats

3. Sewage

4. Organic pollutants (insecticides)

Analysis of the above priority issues on the
basis of type of pollutant, severity of impact, area
affected and economic considerations has revealed
that the problem of oil wastes constitutes the first
priority issue in the Sudan. As mentioned before, Port
Sudan harbour is heavily polluted with oil from ships,
bunkering facilities and the oil refinery plant. The
alteration and destruction of habitats by port
development and tourist activities is considered the
second priority. The present status and future plans of
large-scale construction activities in the area, in

particular, the new ports and oil terminals, are likely to
cause considerable damage to the marine ecosystem
through dredging and filling activities. Proper attention
should be paid to addressing these issues in an
environmentally sound manner. Because of the
untreated domestic and municipal wastes dumped in
the coastal areas and into the sea in and around Port
Sudan, the handling (collection, treatment and
disposal) of these wastes in an environmentally sound
manner is considered to be the country's third priority.
The extensive use of pesticides, insecticides and
herbicides for agriculture and other purposes renders
this area a priority, after the sewage problem. Table
3.10 summarizes the priorities in Sudan.

3.4.4 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following general management
objectives are set:

1 . To protect the marine environment from
adverse impacts of oil waste discharges.

2. To prevent the future alteration and
destruction of coastal habitats through the
implementation Of effective and integrated
management of the coastal area and the development
of marine conservation laws, regulations and
guidelines.

3. To minimize the impact of port development
and tourist activities on coastal and marine habitats.

4. To reduce the adverse impact of sewage
disposal on the public health of coast water and
marine resources users and on marine life and their
habitats, with special emphasis on Abu Hashish and
Port Sudan harbour.

5. To ensure the proper management of the
use of insecticides in coastal areas.

3.4.5 Identification and selection of strategies and
measures

To achieve the stated overall management
objectives, presented in the previous section, the
following strategies and measures are recommended:

1. An oil spill contingency plan should be
developed and implemented.

2. An appropriate integrated coastal zone
management plan should be developed and
implemented, with a view to regulating and controlling
both private and non-private development projects
within the coastal area.
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3. The use of ElAs for all coastal development
projects should be enforced.

4. Effective control (laws, guidelines and
regulations) of tourist activities should be developed
and implemented.

5. The existing regulations and legislation
related to management of coastal and marine areas
should be enforced and implemented.

6. Staff should be hired and trained to
implement the coastal zone management regulations
and EIA regulations. Specialists and experts are
needed to ensure the compliance of both private and
governmental projects with the coastal zone
management and EIA regulations.

7. Private sector actors whose activities may
lead to the destruction of key habitats should be
encouraged to adjust these activities, so that their
impact is reduced or avoided.

8. The waste water collection system and
treatment plants in coastal cities, especially Port
Sudan, should be upgraded to accommodate the
excess waste water flows both at present and in the
future.

9. Waste water treatment and disposal quality
criteria should be established and implemented and
an effluent quality monitoring programme implemented
to ensure compliance with the stated discharge criteria
and standards.

1O.The location and design of outfall systems
should meet a specific environmental quality criteria,
i.e., to avoid the exposure of shell fisheries, water
intakes and bathing areas to pathogens and to avoid
the exposure of sensitive environments (such as
lagoons, coral reefs, seagrass beds, mangroves, etc.)
to excess nutrient loads.

11.A water quality monitoring programme
should be established to assess current marine water
quality and to establish measures for maintaining and
improving water quality. The monitoring programme
should include monthly baseline testing at selected
locations both along the coast (including bathing
areas) and in offshore waters, so as to assess the
horizontal and vertical distribution and movement of
nutrients, inorganic components, algae, oxygen,
salinity, etc.

12. Efforts should be made to restore coastal
habitats that have suffered decline or loss as a result
of human activities.

13-Marine protected areas should be identified and
established, to maintain the integrity and biodiversity of
their habitats.

3.4.6 Evaluating the effectiveness of strategies and
measures

1 - A comprehensive and detailed coastal
survey, using habitat mapping, sensitivity maps, an
inventory list of rare and endangered species and
maps of their habitats for the Red Sea coasts, is
needed as the baseline for future assessment of
environmental quality.

2. A continuous water quality monitoring
program should be carried out to evaluate the degree
of success or failure of the proposed measures or
policies.

3. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, total nitrate,
temperature, turbidity, total organic carbon and total

4. A cost-benefit analysis of the control options
should be carried out on a regular basis.

5. Computer modelling and simulation
techniques should be used to forecast the impacts of
planned projects and to compare the results with
actual observations obtained while implementing the
control programme or strategies.

6. The latest scientific technology and efficient
monitoring programmes should be implemented, if
possible, including the use of remote sensing, GIS and
advanced statistical analysis, to evaluate the status of
the environment and, consequently, the effectiveness
of the control strategies and programmes.

The climate along the coast is very dry, with
an annual rainfall of around 100 mm and air
temperatures reaching 40° C in summer over the
coastal region. The surface water temperature in the
Red Sea coast ranges from 24° C in winter to 30-40°
C in summer. Humidity is high along the coast, often
reaching 90%. Lower surface water temperature have
been recorded in the Gulf of Aden, 18° C during winter
months to 22° C in summer. The Gulf of Aden
coastline has a tidal range of around 1.5-2.0 m over
most of its length, but is more influenced by the
prevailing, almost continuous, high energy climate.
The Red Sea coastal
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3.4.3 Programme support elements

The following institutions are directly involved
in the implementation of strategies and programmes
for the protection of coastal and marine environment:

1 . Ministries and governmental agencies

(a) Ministry of Environment and Tourism
(b) Ministry of Animal Wealth

Marine Fisheries Administration
Marine Fisheries Research Centre
Wildlife Research Centre

(c) Ministry of Transport
Sea Ports Corporation
Sudan Line Shipping Company

(d) Ministry of Energy and Mining
(e) Ministry of Agriculture and Forests

National Forests Corporation
Plant Protection Directorate
Tokar Agricultural Corporation

(f) Ministry of Defence
(g) Ministry of Interior

Red Sea State Police
(h) Sudan Marine Conservation

Committee

2. Institutions and research centres

(a) Red Sea University
Marine Research Institute
Faculty of Oceanography and
Fisheries

(b) University of Khartoum
Suakin Marine Laboratory
Institute of Environmental Studies
Faculty of Economic and Social
Studies

Each of these ministries and directorates and
their departments have a specific national programme
dealing with the protection of marine environment in
the Sudan. To ensure adequate implementation of the

recommended national programmes, listed in the
previous section, however, the following supporting
elements are essential:

1. The institutional, technical and financial
capabilities of various ministries and agencies relevant
to marine protection activities agencies should be
enhanced. The technical capabilities can be improved
by providing sufficient numbers of experts and
qualified staff (environmental scientists and engineers,
specialized technicians and coastal zone management
and EIA experts) capable of implementing the
recommended programmes and measures.

2. Proper coordination should be established
between the many agencies whose activities are
relevant to coastal and marine protection.

3. All legislation, regulations and standards
related to coastal activities and their control should be
enforced and implemented.

4. Legislation, regulations and standards
related to the protection of marine environment should
be reviewed and updated, with a view to enhancing
the effectiveness of these documents.

5. Additional laws, legislation and standards
should be developed, to control all aspect of marine
pollution.

3.5 Yemen

3.5.1 Introduction

The Republic of Yemen coastline is about
2,000 km long, extending from the borders with Saudi
Arabia along the southern part of the Red Sea to the
Bab El Mandab Straits, and then extending northeast
along the Gulf of Aden to the borders with Oman.
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plain of Tihama is composed mainly of soft sediments,
forming dunes. Only 1% of the coastline supports
emergent reef structures (IUCN 1987). The marine
environment in the Yemeni Red Sea coast is
characterized by its wide diversity and rich coastal and
marine habitats and ecosystems. About 130 species
of coral reef have been reported in the southern Red
Sea and Gulf of Aden (Sheppard et al. 1992).
Mangroves and seagrass (nine species) are
considered (IUCN 1987) to be an important biological
feature of the Yemeni Red Sea coast.

3.5.2 Identification and assessment of main sources
of

pollution

3.5.2.1 Power and desalination plants

Power stations at Mukha, Ras Katheeb and
Hiswa (Aden) discharge saline high-temperature water
directly into the sea, causing temperature increase in
the surrounding water. Information is lacking, however,
on both the quantity and the quality of the discharged
water. The desalination industry is very limited in
Yemen.

3.5.2.2 Sewage treatment facilities

Municipal waste waters of the main coastal
cities are discharged directly into the sea. About 30-
40% of Aden and Hodeidah are served by public
sewerage networks. The waste water is carried to a
series of stabilizing ponds and eventually discharged
into the sea. Water in these ponds is monitored
monthly for physical parameters such as conductivity,
pH and total solids. No tests are carried out at the
discharge point, for nutrients, organic loads or
microbes. The Aden discharge point is located near
the port and many of the discharge pipes are broken.

3.5.2.3 Industrial facilities

It has been reported that, in 1995, about 4.9
million tons of crude oil were discharged and 4.2
million tons of refined products loaded for carriage by
sea via the Aden Refinery. The oily water resulting
from the refining process is separated, and the effluent
water is discharged into Khor Ghadir. Three oil export
terminals were built: one on the Red Sea coast at Ras
Isa and two on the Gulf of Aden coast. Export pipes
extend from land a few kilometres into the sea. The oil
companies operating these pipelines have prepared
local contingency plans and a minor oil spills response
system. Nevertheless, the risk of oil leaks during
loading is considerable (Yemen Country Report).

3.5.2.4 Recreation and tourism facilities

The recreational use of beaches by local tourists is
thought to -have brought with it the practice of killing
nesting turtles for sport, and the light from
developments along nesting beaches is known to
interfere with the ability of newly emerged hatchlings to
enter the sea safely. Feral dogs are common along
the coast, especially in areas where there is human
habitation. They are thought to prey on turtle nests.
These problems are more apparent in Dhobba (near
Shihr) and Ras Sharm, both in the Gulf of Aden.

3.5.2.5 Port facilities

There are four port facilities in Yemen,
namely, Aden, Hodeidah, Mukalla and Mocha. Current
bunker supplies in the port of Aden are around 40,000
tons. Poor maintenance has resulted in low level, but
locally significant leaks from bunkering facilities in the
port. One bunker barge sank in 1995, causing
considerable localized oil pollution in the Tawahi area
(Aden Port Development 1996), the impact of which is
still evident as a thick layer of oil covering the inter-
tidal and lower supra-littoral zones of the area. In
Hodeidah, wastes from ships are taken by means of
land trucks and then disposed into the city sewage
network and landfill.

3.5.2.6 Agricultural activities

The use of fertilizers and pesticides to
increase agricultural production is widespread
throughout the country. These chemicals are
introduced into the marine environment by the flow of
agricultural run-off and drainage and, to a lesser
extent, by atmospheric depositions. Information on this
source of pollution with respect to both quantity and
quality, which would make it possible to evaluate the
magnitude of the problem and its severity for the
marine environment, is not available, however.
Increasing sediment load from soil erosion, sand dune
encroachment and desertification may affect coral reef
communities, especially along the coast of Tihama in
the Red Sea.

3.5.2.7 Coastal construction, mining and quarrying
activities'

With increasing population growth, urban drift
and development activities, coastal cities and towns
are expanding at ever-increasing rates. This has
resulted in unplanned settlements around the main
cities, especially Hodeidah, and it may eventually lead
to the loss of certain critical habitats, such as
mangrove to the south and north of the city and the
coral reefs fringing Hodeidah itself. Mukalla is rapidly
expanding to the west and significant coastal
development already extends over 20 krn along the
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coast. The proposed main development of the port of
Aden and Aden Free Zone can be expected to have
an impact on the environment. Reclamation for port
development and expansion and for construction of
the industrial area is already underway in Aden, where
both lagoons and inter-tidal areas are important for
birds (Yemen Country Report).

3.5.3 Establishment of priorities

Priorities for pollution problems were
established on the basis of the nature and severity of
the problem, the type of contaminants, the physical
alteration and destruction of habitats the sources of
degradation, and the nature and extent of the affected
area. The severity of the problem was assessed on
the basis of food security, public health, coastal and
marine resources and ecosystem health, and the
economic and social benefits and uses. An analysis of
the above priority issues has revealed that the main
land-based sources of pollution originate from
bunkering facilities in the port of Aden, loading pipes
and the oil refinery. These sources have introduced
considerable quantities of oil and oily wastes into the
marine environment. Poor maintenance has resulted
in oil leaks from these facilities and from the
associated loading pipes.

It was estimated that, in 1995, about 4.9
million tons of crude oil was discharged and 4.2 million
tons of refined products loaded for carrying by sea via
the Aden refinery. Studies on water quality in Aden
port has shown no biological contamination by
sewage. However, water samples from the same port
were found to be heavily contaminated with oil
(Abdulwahab 1991, 1993). As mentioned earlier,
industrial facilities like the refinery, bunkering activities
and other light industries discharge their wastes
directly or indirectly into the sea.

The second priority issue is the continuous
discharge of untreated or partially treated sewage into
the marine environment. Because of rapid population
growth and urbanization and the lack of adequate
treatment and disposal facilities for municipal waste,
untreated and partially treated domestic and municipal
wastes generated in both Aden and Hodeidah are
dumped in the coastal water. Handling (collection,
treatment and disposal) of these wastes in an
environmentally sound manner should be considered
one of the country's top priorities. Accordingly, this
sector should be given second priority, when
addressing the environmental issues related to the
protection of marine and coastal areas. The physical
alteration of natural habitats must be considered the
third priority issue. The abstraction of oil and
construction work on the coastline, particularly for the
expansion of port facilities and the development of
tourist and recreational sites, is

another priority area. The present status and future
plans of large-scale construction activities in this area
are likely to cause considerable damage to the marine
ecosystem, because of the associated dredging and
filling activities. Efforts should be made to address
these issues in an environmentally sound manner.

On the basis of the above considerations, the
following priority issues (Table 3.11) have been
identified:

1. Oil and organic pollutants

2. Sewage

3. Physical alteration/destruction of habitats

4. Fertilizers and pesticides

In view of the extensive use of pesticides,
insecticides and herbicides for agriculture and other
purposes, this area must be considered as the fourth
priority issue.

3.5.4 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following general management
objectives are set:

1. To provide the required financial and
technical support to various agencies and institutions
concerned with environmental management and
protection, so as to facilitate implementation of the
present environmental laws and regulations.

2. To enforce and implement the existing laws,
regulations and standards prepared by various
authorities to protect the marine environment.

3. To prevent coastal and marine pollution
caused by oil wastes and sewage and to protect the
marine habitats from tourist activities.

4. To develop and implement an appropriate
integrated coastal zone management plan that
regulates development projects within the coastal
area.

5. To establish and implement a national
contingency plan.

6. To establish and implement the appropriate
environmental awareness programme for individuals
and society and introduce environmental
considerations at the different levels of education.
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Figure 3.4. Pollution and recreation sites in Port Sudan (Schroeder 1982)

3.5.5 Identification and selection of strategies and
measures

To achieve the overall management objectives
presented in the previous section, the following
strategies and measures are recommended:

1 . The use of ElAs for all coastal projects,
including large scale private projects and government
development projects, should be enforced.

2. The effective control of dredging and filling
of coastal and marine areas for urban and industrial
development should be developed and implemented.

3. Staff should be hired and trained to
implement coastal zone management and EIA
regulations, to ensure compliance by both private and
government projects with the enforced regulations.

4. New coastal projects should use the best
available technology and material alternatives that do
not result in adverse impacts on the marine
environment and comply with effluent discharge
standards.

5. New treatment plants should be constructed
(in Aden), to accommodate the generated waste water
flows both at present and in the future.

6. Waste water treatment and disposal quality
criteria should be established and implemented and
an effluent quality monitoring programme should be
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implemented to ensure compliance with the stated
discharge criteria and standards.

7. A water quality monitoring programme
should be established, to assess current marine water
quality and to establish measures for maintaining and
improving water quality. The monitoring programme
should include monthly baseline testing at selected
locations both along the coast (including bathing
areas) and in offshore waters, so as to assess the
horizontal and vertical distribution and movement of
nutrients, inorganic components, algae, oxygen,
salinity, etc.

8. Marine protected areas should be identified
and established, to maintain the integrity and
biodiversity of their habitats.

9. The location and design of the outfall
systems for the discharge of treated effluent from Al
Hodeidah city into the marine environment should
meet the stated environmental quality criteria, i.e.,
avoiding the exposure of shell fisheries, water intakes
and bathing areas to pathogens and to avoid the
exposure of sensitive environments (such as lagoons,
coral reefs, seagrass beds, mangroves, etc.) to excess
nutrient loads.

3.5.6 Evaluating the effectiveness of strategies and
programme

1. A continuous assessment programme of
the status of the Red Sea and Gulf of Aden resources
and environmental quality (sediments, water and
biota) should be established.

2. A continuous water quality monitoring
programme should be carried out to evaluate the
degree of success or failure of the proposed measures
or policies.

3. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, total nitrate,
temperature, turbidity, total organic carbon and total
solids.

4. A cost-benefit analysis of the control options
should be carried out on a regular basis.

5. Computer modelling and simulation techniques
should be used to forecast the impacts of planned
projects and to compare the results with actual
observations obtained while implementing the control
programme or strategies.

6. A comprehensive and detailed coastal survey, using
habitat mapping, sensitivity maps, an inventory list of
rare and endangered species and maps their habitats
for both the Red Sea and Gulf of Aden coasts, is
needed as the baseline for future investigations.

3.5.7 Programme support elements

The Environment Protection Council was
established in 1990 by Decree 94/1990 of the Prime
Minister and is directly attached to the Cabinet of
Ministers. Initially, the Council consisted of a council of
vice-ministers or deputy ministers of relevant
government agencies but, in 1992, it was expanded to
include a Technical Secretariat. The Chairman of the
Environment Protection Council is a State Minister.
The Council includes representation from those
ministries with primary responsibility for natural
resource management or whose activities have a
potential negative impact on the environment.

The mandate of the Technical Secretariat is to
coordinate and ensure overall monitoring of planning,
implementation, environmental protection and the
nature conservation policy, while implementation at
field level will be the responsibility of the relevant
sector ministries. Within the Secretariat, three
departments have been established: Environmental
Protection; Planning and Data; and Administration and
Financial Affairs. A marine environment officer has
been appointed within the Department of Environment
Protection.

According to the Environmental Protection
Law, the Environment Protection Council is an official
organ of the State and shall undertake the preparation
of the general national policy for environmental
protection and its control and shall ensure coordination
with concerned bodies in the implementation of such
policy. Furthermore, the law states that each
concerned body shall adhere to and be obliged to
implement the decisions, resolutions and
recommendations issued by the Council.

In addition to the above responsibilities, the
Environment Protection Council is responsible for the
coordination and overall monitoring of planning,
implementation, environmental protection and the
nature conservation policy. The following institutions,
ministries and centres are relevant to the protection of
marine environment from land-based activities:

Sana'a University (Department of
   Oceanography)
Ministry of Fish Wealth
Marine Science and Resources Research
   Centre, Aden
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Ministry of Transport
Public Corporation for Maritime Affairs
Maritime Training Centre
Ministry of Culture and Tourism
General Tourism Authority
General Investment Authority
National Environmental Action Plan
Protection of the Marine Ecosystems of the
   Red Sea (1996-1998)
European Union Fourth Fisheries
   Development Project (Gulf of Aden)
Turtle Management Proposal
Conservation and Sustainable Use of
   Biodiversity of Socotra Archipelago

To ensure proper implementation of the
recommended national programmes listed in the
previous section, however, the following supporting
elements are essential:

1. A specific authority should be designated
for the management of the coastal zone in Yemen.
The technical and financial capabilities of the
designated authority and other related agencies
should be enhanced by providing sufficient numbers of
experts and qualified staff (environmental scientists
and engineers, specialized technicians and coastal
zone management and EIA experts) capable of
implementing the recommended programmes and
measures.

2. Proper coordination should be established
between the many agencies whose activities are
related to the coastal and marine areas.

3. All legislation, regulations and standards
related to coastal activities and their control should be
enforced and implemented.

4. The post of marine pollution control officer
should be established in Aden, to ensure compliance
with all regulations, criteria and standards related to
protection of the marine environment.

5. Legislation, regulations and standards related to the
protection of marine environment should be reviewed
and updated, with a view to enhancing the
effectiveness of these documents.

6. The institutional arrangements of the
relevant governmental agencies should be revised
with a view towards increasing its powers and
enhancing their effectiveness in the area of
environmental management.

3.6 Djibouti

3.6.1 Introduction

The estimated population of the Republic of
Djibouti in 1994 was about 540,000. There are three
coastal towns in Djibouti, namely, Djibo(iti, Tagora and
Obek. The population of Djibouti, the main coastal city,
is about 400,000. No major industry is established in
the city, which has only small industries like dairies, a
45 megawatts/day power plant, four small desalination
plants and two hotels with a total of 204 rooms. All
these facilities are located on the coast and, hence,
use coastal water for the disposal of their wastes. It is
also estimated that about 95% of the waste water
generated in the city, i.e., 28,920 cu m/day, is
discharged directly or indirectly, without any treatment,
into the sea. About 170 tons of solid waste,
constituting about 65% of the total solid waste
generated, are disposed in a landfill located about 2
krn from the coast. In the town of Tagora, with a
population of 12,000, a small hotel, restaurant and an
8 megawatts/day power plant have been established
on the coast. Similarly, all the wastes generated from
these facilities are discharged without treatment into
the sea.

With similar conditions to those prevailing in
the southern reefs of the Red Sea, the Djiboutian reef
is very turbid. On the south coast, close to the border
with Somalia, the effects of upwelling nutrient-rich
water begin to be discernible in fish assemblages.



45

Water there is very turbid and the reefs poorly
developed. They support fewer species and lower
abundances of reef-associated fish than reefs further
north. Non-reef species are more abundant, however,
and this area represents the main artisanal fishing
ground in Djibouti (Baratt and Medley 1990).

3.6.2 Establishment of priorities

Priorities for pollution problems were
established on the basis of the nature and severity of
the problem, the type of contaminants, the physical
alteration and destruction of habitats sources of
degradation, and the nature and extent of the affected
area. The severity of the problem were assessed on
the basis of food security, public health, coastal and
marine resources and ecosystem health, and the
economic and social benefits and uses.

As mentioned above, currently, there are no
major coastal activities within the main coastal cities
which are expected to cause significant impacts on the
coastal and marine environment. Based on the
available information, the following priority issues
(Table 3.12) are identified:

1. Sewage

2. Heated brine and cooling water

3. Litter

3.6.3 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following overall management
objectives are set:

1 To develop national institutional
arrangements to implement laws and regulations for
the protection of the coastal and marine environment.

2. To establish legal instruments (i.e., laws,
regulations and guidelines) related to the management
of coastal and marine areas.

3. To establish national expert capabilities to
implement laws and regulations for the protection of
the marine environment.

4. To establish an adequate management
programme for municipal waste water and to adopt a
water recycling policy.

5. To develop better management of the
generated solid waste, i.e., adequate collection and
disposal programmes.

3.6.4 Identification, evaluation and selection of
strategies and measures

To accomplish the overall management
objectives, the following strategies and measures are
recommended:

1. Regulations and legislations related to
management of coastal and marine areas should be
developed and enforced.

2. Staff should be hired and trained to develop
and implement regulations and standards to protect
the marine environment. A marine biology department
should be established for the training of marine
biologists and marine ecologists.

3. A sewerage system should be built, to
collect the generated waste water and waste water
treatment plants constructed, so as to ensure
acceptable effluent quality for reuse or discharge into
the marine environment.

4. An appropriate outfall system should be
used for the disposal of the treated effluent (if any) into
the marine environment.

5. All illegal discharges into the sea from such
places as hotels, restaurants and recreational facilities
should be stopped and those facilities connected to
the sewerage system, when developed.

6. A proper solid waste collection programme
that covers the entire coastal city should be
implemented and appropriate forms of final disposal
should be used (e.g., composting, recycling and reuse,
incineration).

3.6.5 Evaluating the effectiveness of strategies and
measures

1. A continuous programme for the
assessment of the status of the Red Sea resources
and environmental quality (sediments, water and
biota) should be established.

2. A continuous water quality monitoring
programme should be carried out to evaluate the
degree of success or failure of the proposed measures
or policies.

3. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensive manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, nitrate,



46

temperature, turbidity, total organic carbon and total
solids.

4. A cost-benefit analysis of the control options
should be performed on a regular basis.

3.6.6 Programme support elements

An appropriate assessment of the agency responsible
for environmental protection in Djibouti was not
possible, because of lack of information on the
organizational structure of that agency. On the basis of
available information, however, it is evident that the
following supporting elements are needed for proper
implementation of the recommended strategies and
programmes:

1. The institutional, technical and financial
capabilities of the agency responsible for
environmental protection and other related agencies
should be strengthened and supported to facilitate the
establishment and implementation of laws, regulations
and standards to regulate and control activities within
the coastal and marine areas.

2. Laws, regulations and guidelines should be
developed for the control of effluent discharges into
the coastal and marine environment.

3. Efforts should be made to mobilize
resources for the construction of a sewerage system
and treatment facilities within the large towns (mainly
in Djibouti city) to process urban waste water and to
make it suitable for reuse.

4. The capacity of national experts and
technicians should be strengthened, to deal with the
different aspects relevant to the programmes.

3.7 Somalia

3.7.1 Introduction

The Somali Democratic Republic, which forms
the Horn of Africa, has a coastline approximately

3,300 km long, bounded on the north by the Gulf of
Aden and on the east by the Indian Ocean. The total
area of the country is 637,657 sq km, with a population
of approximately 5.4 million. The coastal ecosystems
and habitats vary widely from north to south. Along the
Gulf of Aden to Ras Hafun, there are large expanses
of sandy beach alternating with rocky outcrops and
coastal plain. Below Ras Hafun to Eij, there is a
narrow beach abutted by rocky CIITTS. To the south
of Eij a coastal dune system begins, where sandy
beach alternates with rocky oitcrops as far south as
Kismayo. Along the same coastal stretch from just
north of Mogadishu to the Kenyan border, there is a
fringing reef, which supports developing artisanal reef
fisheries. In the extreme southern region, between
Kismayo and the border, there is an extensive
mangrove system, which serves as a nursery for
demersal fish species.

The three main population centres along the
coast are Mogadishu, Kismayo and Berbera. If all the
districts adjacent to the sea are considered,
calculations show that 44% of the country's 5.4 million
inhabitants live near the coast. This is undoubtedly an
overestimate, since many of the coastal districts
extend far inland; thus, a more realistic estimate might
be in the order of 30%. From Figure 1 it can be seen,
furthermore, that, of this fraction, the districts which
include the cities of Mogadishu, Berbera, Bosaso and
Kismayo make up 15 %, with Mogadishu alone
accounting for 11 % of the near-coastal population.

3.7.2 Identification of main sources of pollution

The main sources of pollution on the Red
coast of Somalia are those described below.

3.7.2.1 Power and desalination plants

Although there is no record of the existence of
power plants, or of their type and capacity and the
resulting pollution from these into Somalia's Red Sea
coastal waters, it can be assumed that there must be a
few plants in existence to supply power to the coastal
urban centres as Mogadishu and Kismayu. If
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these plants are hydroelectric or thermal, using liquid
fuel, a possible problem in the resulting thermal
pollution caused by the higher temperature of cooling
water discharged by these plants. The issue is,
however, not critical at the present stage.

3.7.2.2 Industrial facilities

Industrial development is limited and many of
Somalia's installed manufacturing plants are located
within the urban centres in the southern coastal zone.
Somalia is a country of light industries, most of which
are located in the coastal population centres of
Mogadishu, Kismayo, Brava and Berbera and, hence,
do not pose a significant threat to the marine
environment.

Of all the industries in the country, only the
tanning factories are likely to deliver significant
amounts of contaminants into the marine environment.
The factories at Brava and Kismayo discharge their
liquid effluent directly into the sea. Estimates indicate
that the effluent discharged every day into the sea at
Brava and Kismayo may contain as much as 18-30 kg
of chromium. There are, however, no available
measurements of the levels of chromium or of other
heavy metals in the effluent or the coastal
environment, thus, it is not possible to assess the
extent of this source of pollution (UNEP 1987).

3.7.2.3 Sewage treatment facilities

Domestic sewage is certainly an important
source of pollution in the coastal waters of the main
population centres. For example, in Mogadishu, raw
sewage is discharged directly into the port through a
series of drainage pipes. The situation with municipal
sewage is no different in other coastal towns. Their
lower population density, however, results in a much
lower input to their coastal waters.

Urban solid waste dumps form another
possible source of local pollution. A large open tipping
site is located right on the coast at Mogadishu, close to
the city abattoir. Its marine pollution potential could be
high, particularly in the rainy season, when leachates
run off directly into the sea.

3.7.2.4 Agricultural activities

Several types of chlorinated and organo-
phosphorus pesticides are used extensively on farms
and plantations. The agricultural drainage waters,
which may be presumed to contain high
concentrations of pesticides, find their way to coastal
waters via both rivers and land run-off.

Other types of marine pollution resulting from

agricultural growth and development may also be
affecting the coastal areas of Somalia. Coastal dune
formation and subsequent erosion arising from
overgrazing of the covering vegetation has lead to
increased siltation, particularly in the southern region.
Further increases in the silt load could have a heavy
impact on the fringing reef ecosystem, which serves
as a nursery ground for Somalia's artisanal demersal
fisheries (UNEP 1987).

3.7.2.5 Coastal construction, mining and quarrying

Little is occurring in the way of coastal
construction projects that would lead to marine
pollution, except for the widespread activity of coastal
quarrying for limestone, sand, and gravel zone and, in
some cases, at Kismayo, on the beach itself. Siltation
can also result from beach-sand mining and from
quarrying for limestone adjacent to the coast. Such
disturbance to coastal landforms also poses the threat
of erosion and the further destabilization of coastal
sand dunes. The impact of increased silt loads upon
coral reef system can be very severe and significantly
reduce their ability to support fish stocks.

3.7.2.6 Recreational and tourism facilities

This area is also not developed yet in Somalia
and, accordingly, the environmental stress resulting
from recreational and tourism development is not
considerable.

3.7.3 Establishment of priorities

As mentioned above, at present there are no
major activities located in the main coastal cities of the
country expected to have a severe impact on the
coastal and marine environment. Nevertheless,
because of the untreated domestic and municipal
wastes dumped into the sea through the port facilities
in Mogadishu and other parts of Somalia situated on
the Red Sea coast, the handling (collection, treatment
and disposal) of such wastes in an environmentally
sound manner should be one of the country's top
priorities. Because of the extensive use of pesticides,
insecticides and herbicides for agriculture and other
purposes, this should be considered the second
priority area after the issue of sewage. Table 3.13
summarizes the priority issues, on the basis of the
previous sections. The priorities for Somalia are the
following:

1. Sewage

2. Organic pollutants

3. Heavy metals

4. Habitat destruction
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3.7.4 Setting management objectives for priority
problems

On the basis of the issues considered in the
previous sections, the following overall management
objectives are set:

1. To establish legal instruments (i.e., laws,
regulations and guidelines) related to the management
of coastal and marine areas.

2. To develop national institutional
arrangements to implement laws and regulations for
the protection of the marine environment.

3. To establish measures to protect coastal
and marine areas from the adverse impacts of sewage
disposal.

4. To control the use of pesticides and
insecticides (establish guidelines, standards and
regulations) to reduce the adverse impacts of these
chemicals on the coastal and marine environment.

5. To establish national expert capabilities to
implement laws and regulations for the protection of
the marine environment.

6. To develop an improved management
policy for the generated solid wastes, i.e., adequate
collection and disposal programmes,

3.7.5 Identification and selection of strategies and
measures

To accomplish the overall management
objectives, the following strategies and measures are
recommended:

1. Regulations and legislation related to the
management of coastal and marine areas should be
developed and enforced.

2. Staff should be hired and trained to develop
and implement regulations and standards for the
protection of the marine environment. A department of
marine biology should be established to train marine
biologists and marine ecologists.

3. A sewerage system should be built, to
collect the generated waste water, and waste water
treatment plants constructed, to ensure an acceptable
quality of effluent for reuse or discharge into the
marine environment.

4. An appropriate outfall system should be
used to discharge the treated effluent (if necessary)
into the marine environment.

5. All discharges into the sea from hotels
restaurants and recreational facilities should be
connected to the sewerage system, when developed,
1`7 and all illegal discharges prevented.

6. Proper solid waste collection programmes
that cover all the coastal towns in their entirety should
be implemented and appropriate forms of final
disposal should be used (e.g., composting, recycling
and reuse, incineration).

7. The use of ElAs should be mandatory for all
future coastal projects.

8. New coastal projects, including agricultural
projects, should use the best available technology and
material alternatives that do not result in adverse 77
impacts on the marine environment and will comply
with the effluent discharge standards.

9. New treatment plants should be constructed
in the city of Mogadishu to accommodate the
generated waste water flows both at present and in
the future.

10. Marine protected areas should be
identified and established, and the integrity and
biodiversity of their habitats should be safeguarded.

11A water quality monitoring programme
should be established, to assess the current marine
water quality and to establish measures for
maintaining and improving water quality. The
monitoring programme should include monthly
baseline testing at selected locations both along the
coast (including bathing areas) and in offshore waters,
so as to assess the horizontal and vertical distribution
and movement of nutrients, inorganic components,
algae, oxygen, salinity, etc.

3.7.6 Evaluating the effectiveness of the strategies
and measures

1. A continuous assessment programme of
the status of the Red Sea resources and
environmental qualities (sediments, water and biota)
should be established.

2. The latest scientific technology and efficient
monitoring programmes should be implemented if
possible, including the use of remote sensing, 61S and
advanced statistical analysis to evaluate the status of
the environment, and consequently the effectiveness
of the control strategies and programmes.

3. A continuous water quality monitoring
programme should be conducted, to evaluate the
degree of success or failure of the proposed measures
or policies.
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4. A water quality indicator or index should be
developed and used as an important means of
evaluating the effectiveness of the policies and
measures in a simple and comprehensible manner.
The water pollution index should include such
prominent parameters as: dissolved oxygen, faecal
coliform density, total phosphorus, nitrate,
temperature, turbidity, total organic carbon and total
solids.

5. A cost-benefit analysis of the control options
should be carried out on a regular basis.

3.7.7 Programme support elements

Because of the non-existence of a federal
Government and the consequences of the long civil
war, the legal and institutional framework has been
seriously undermined. It was not possible to make a
proper assessment of the agency responsible for
environmental protection in Somalia, because of the
lack of information on the organizational structure of
that agency. On the basis of available information,
however, it is clear that the following supporting
elements are needed for the proper implementation of
the recommended strategies and programmes:

1 . The institutional and financial capabilities of
the agency responsible for environmental protection
and other related agencies should be strengthened
and supported with a view to establishing and
implementing laws, regulations and standards to
regulate and control activities within the coastal and
marine areas.

2. Laws, regulations and guidelines should be
developed for the purpose of controlling effluent
discharges into the coastal and marine environment.

3. Measures should be undertaken to mobilize
resources for the construction of a sewerage system

and treatment facilities within the large towns (mainly
in Mogadishu), to accommodate the generated waste
water and to render it suitable for reuse.

4. The capacity of national scientists and
technicians to deal with different aspects relevant to
the programme should be enhanced.

5. An environmental awareness programme
should be established by introducing and
strengthening environmental aspects in existing
academic curricula; measures should be undertaken
to enhance media coverage and to mount educational
displays covering various aspects of environmental
education.

4. Regional analysis of land-based sources
of pollution

4.1 Establishment of regional priorities

Priority issues for the region were established
on the basis of the nature and severity of the problem;
type of contaminants; physical alteration and
destruction of habitat; sources of degradation; and
nature and extent of the affected area. The severity of
the problem was assessed in the light of food security;
public health; coastal and marine resources; and
ecosystem health and the economic and social
benefits and uses.

On the basis of the findings of the country-by-
country analysis presented in chapter 3 of the report, it
may be concluded that the problem of the physical
alteration and destruction of habitats as a result of
dredging and filling operations associated with urban
expansion, tourism and industrial developments,
constitute the main source of environmental
deterioration and, should therefore, be considered the
region's top priority. Sedimentation from these
operations results in the suffocation of the benthic
communities and has an adverse effect on the
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surrounding ecosystems (mangroves, seagrass beds
and coral reefs) and, as a consequence leads to a
decline in the productivity of the sea, such as
shrimping grounds and other demersal fisheries. In
addition, uncontrolled tourist activities, such as
damage to corals by anchors, movement of tourist
boats, coral breakage by divers and pollution from
littering and waste water discharges from coastal
resorts, have resulted in significant damage and
destruction of key habitats. Although the impact of
tourism in the southern Red Sea and Gulf of Aden is
not as severe as in the north, the growing tourism
investment plans in various parts of these countries
will potentially cause environmental impacts on a
regional scale. The pressure from tourism is spreading
to new areas, as popular tourist sites become
overused and as foreign tourists continue to seek new,
exotic destinations.

The discharge of partially treated or untreated
municipal waste water poses a significant
management problem. In most cases, inadequate
marine outfall systems are -used to discharge low
quality treated effluent into the adjacent coastal
waters. It is well-known that excessive nutrient loads,
especially phosphorus and nitrogen compounds,
cause significant ecological changes.

The structure of plankton communities is
altered, with the preferential growth of small flagellates
rather than the larger diatoms, and unusual plankton
blooms, uncontrolled by the normal processes of
grazing. The subsequent bio-oxidation of the mass of
organic matter by aerobic bacteria requires oxygen as
the electron acceptor for the metabolic process.
Consequently, the dissolved oxygen concentrations in
the receiving water decrease. This leads to the death
of fish and vertebrates. Species of algae produce foam
and scum, which interfere with fishing and, when
washed ashore, disfigure beaches. In some cases, the
sea is discoloured, giving rise to the term red tide. In
addition, all suspended solids are carried by the
prevailing current and settle over a wide area, causing
significant damage to the biotic community. Some of
the plankton species are toxic, and consumers of
seafood, exposed to such blooms, are at risk from
paralytic, diarrhoeic and amnesic shellfish poisons. In
1987, an outbreak of paralytic shellfish poisoning killed
26 people in Guatemala (UNEP Report on the World
Environment 1972-1992).

Impacts from industrial effluents, in the form of
thermal pollution from power and desalination plants
and hypersaline brine water from desalination plants,
constitute an important land-based source of pollution
affecting coastal waters in the region. Discharges from
power and desalination plants can alter temperature
and salinity, especially in semi-closed lagoons;
mangrove mortality may be caused by a 3-
50 C increase over the ambient water temperatures in
the tropics (Banus 1983) and the diversity and mass of
associated fauna may diminish by 90% (Kolehmainen
et al. 1974).

4.2 Setting management objectives for regional
priority problems

On the basis of the findings in the previous
chapters of this report and in accordance with the
discussions of the PERSGA working group during the
workshop on the implementation of the Global
Programme of Action, held in Manama, 2-5 December
1996, the following management objectives were
selected, reflecting the needs of the region:

1. To establish and/or harmonize legal
instruments among member States (i.e., laws,
regulations, guidelines and codes of practice);

2. To develop national institutional
arrangements to integrate all coastal activities under
the umbrella of a coastal area management plan;

3. To identify ways and means of meeting the
financial obligations for the selected managerial
objectives;

4. To strengthen the capability of national
experts to deal with local problematic issues and
related public awareness; and

5. To increase the regional capacity to
manage large-scale issues, such as coastal erosion,
transboundary transfer of contaminants, etc.

4.3 Identification and selection of general
strategies and measures

1. Countries of the region should develop
national integrated coastal zone management plans
which coordinate and integrate sectoral activities
within the lands and waters of the coastal are,

2. Coastal tourism throughout the region
should be developed in accordance with a regional
development plan which ensures the proper
integration of environmental objectives and
development strategies.

3. A regional system of coastal protected
areas specifically intended for the protection o
environmentally sensitive areas and the maintenance
of genetic pools of regional biodiversity should be
established.

4. The deleterious effects on the coastal
environment of continued shoreline alteration,
dredging and land-filling should be addressed in the
regional development plans.
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5. Governments of the region should
promote the exchange of information on the
protection of the coastal and marine environment.

6. Countries of the region should enforce the
use of ElAs for all tourism and coastal development
projects, including large-scale private and government
development projects.

7. Countries of the region should establish
programmes to monitor all industrial discharges,
especially from fertilizer and chemical industries, on a
regular basis, to ensure their compliance with local
standards and criteria set for effluent discharges into
the marine environment.

8. Countries of the region should establish a
comprehensive monitoring programme to provide
baseline information with respect to marine
environment resources and biodiversity.

9. Countries of the region should develop and
implement the effective control of the dredging and
filling of coastal and marine areas for urban and
industrial development, port construction and the
maintenance and dredging of navigational channels.

1O. Waste water treatment and disposal
quality criteria should be established and implemented
and an effluent quality monitoring programme should
be implemented, to ensure compliance with the stated
discharge criteria and standards.

11. Countries of the region should develop
and implement a water quality monitoring programme,
to assess current marine water quality and to establish
measures for maintaining and improving water quality.
The monitoring programme should include monthly
baseline testing at selected locations, both along the
coast (including bathing areas) and in offshore waters,
so as to assess the horizontal and vertical distribution
and movement of nutrients, inorganic components,
algae, oxygen, salinity, etc.

12. Countries of the region should establish
programmes to restore coastal habitats that have
suffered decline or loss as a result of tourism and
other development activities.

13. Countries of the region that use marine
outfall systems to discharge treated effluents into the
marine environment should ensure that the location
and design of the systems meet the appropriate
environmental quality criteria, i.e., avoiding the
exposure of shell fisheries, water intakes and bathing
areas to pathogens and the exposure of sensitive
environments (such as lagoons, coral reefs, seagrass
beds, mangroves, etc.) to excess nutrient loads.

14. Tried and tested economical and effective
pollution control technologies, capable of reducing the
impact of sewage disposal on the coastal and marine
environment, should be adopted by countries of the

region. For example, the use of a biological nutrient
removal system that significantly reduces the nutrient
concentrations from the treated effluent should be
encouraged. Another possibility is the use of ultraviolet
radiation as an alternative to the locally used
chlorination systems, which should be considered as a
means of avoiding the chlorine toxicity of the disposed
treated effluent on marine life.

4.4 Evaluating the effectiveness of the strategies
and programmes

For the purpose of evaluating the
effectiveness of the strategies and programmes, the
following measures are recommended:

1. Continuous procedures for the assessment
of the status of the Red Sea resources and the
environmental quality (sediments, water, biota), based
on specific criteria set in the regional and/or national
strategies;

2. Continuous national monitoring
programmes to trace minor changes in the
environment before they become irreversible;

3. A cost-benefit analysis for the control
options proposed when examining the state of the
resources and the monitoring programmes;

4. A water pollution index, a single value, to be
developed for the region and used to investigate
trends in sea water quality and to compare the degree
of contamination in various locations within the region.
The index can also be used as a too] to evaluate the
effectiveness of the policies and measures to protect
the marine environment from land-based activities.
The water pollution index should include such
prominent parameters for the region as: dissolved
oxygen, faecal coliform density, total phosphorus,
nitrate, temperature, turbidity, total organic carbon and
total solids;

5. Computer modelling and simulation
techniques to forecast the impacts of planned projects
and to compare the results with actual observations
obtained while implementing the control programmes
or strategies and, accordingly, to evaluate the
effectiveness of these programmes or strategies; and

6. A comprehensive and detailed coastal
survey for the whole region, using habitat mapping '
sensitivity maps and inventory lists of rare and
endangered species for both the Red Sea and Gulf of
Aden coasts, as the baseline for future investigations.
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4.5 Programme support elements

The elements supporting the above-
mentioned programmes fall under the following
categories:

1. Strengthening the legal, institutional and
financial capabilities of the member States, to enable
them to implement the proposed control options,
monitoring strategies and programmes.

2. Strengthening the capacity of national
scientists and technicians to deal with different aspects
of the strategies and programmes.

3. Establishing environmental protection
authorities where these do not already exist, and
strengthening the existing national institutions to
improve efficiency in the enforcement of regional and
national legislation.

4. Identifying mechanisms to make resources
available to PERSGA to facilitate the effective
implementation of regional strategies and programmes
in fulfilment of its mandate.

5. Exploring the most appropriate ways for
non-PERSGA member States within the Red Sea
region to harmonize their efforts aimed at protecting
the marine environment from land-based activities.

6. Establishing mechanisms in each country
which integrate all policies relating to the protection of
the coastal and marine environment at national and
regional levels.

REFERENCES

Abu-Ghararah, Z. and Sherrard, J. 1993.
Biological nutrient removal in high salinity waste water.
Journal of Environmental Science and Health, Vol
A28(3):599-61 3.

Abu-Ghararah, Z. 1994. Effect of temperature
on the kinetics of waste water disinfection using
ultraviolet radiation. Joumal of Environmental Science
and Health, Vol. A29 (3): 585-603.

Abu-Ghararah, Z. 1997. Development of a
simplified sea water pollution index for Jeddah Coast,
MEPA. In: Proceedings of the Conference on
Development and its Impact on the Environment.
Saudi Arabia.

Abu-Ghararah, Z. 1995. Oxygen uptake rate
as an extended aeration process control parameter.
Journal of Environmental Science and Health, Vol.
A30 (5): 951-969.

Abu Hilal, A. 1985. Phosphate pollution in the
Jordan Gulf of Aqaba. Marine Pollution Bulletin, Vol.16

Ahmed, M.A. 1991. Microbiological Effect of
Sewage on Sea Water Quality and Fishery in Serra

Bay of Aden. (Unpublished working paper), Ministry of
Fish Wealth, Aden, Yemen.

Ahmed, F., Sultan, S., and Moammar. 1995.
Residual transport velocities during winter within the
Atlantis 11 deep area of the central Red Sea.
Oceanologica Acta 18:385-388.

Atallah, S. 1995. Human health impacts
resulting from degradation of the coastal environment.
In: Sea to Sea Regional Conference on Sustainable
Use of the Marine Environment of the Red Sea and
Gulf of Aden and the ROPME Area, Jeddah, Saudi
Arabia, p. 139-160.

Awad, H. 1995. Oil pollution in the Red Sea: a
state of the art assessment. In: PERSGA/IOC/UNEP
Workshop on Oceanographic Inputs into Coastal Zone
Management in the Red Sea and Gulf of Aden, Oct,
Jeddah, Saudi Arabia.

Banaimoon, S. A. 1992. Fatty acids in marine
macroalgea from southern Yemen including
occurrence of eicosatetraenoic and eicosapentaenoic
acids. Botanica Marine 35 (2): 165-168.

Banus, M. 1983. The effect of thermal
pollution on red mangrove seeding, small trees and on
mangrove reforestation. In: Coral Reefs, Seagrass
Beds and Mangroves: Their Interaction in the Coastal
Zones of the Caribbean, ed. J.C. Ogden and E.H.
Gladfelter, p. 114-127.

Barratt, L. and Medeley, P. 1990. Managing
multi-species ornamental reef fisheries. Progress in
Underwater Sciences 15: 55-72.

Chiffings, A. W. 1989. A Draft Marine
Protected Area System Plan for the Kingdom of Saudi
Arabia. IUCN/NCWCD Specialist Report.

El lbiary, A. 1996. Legal and institutional
arrangements to achieve sustainable development in
the Red Sea and Gulf of Aden and the ROPME Sea
area. In: Sea to Sea Regional Conference on
Sustainable Use of the Marine Environment of the Red
Sea and Gulf of Aden and the ROPME Area, Jeddah,
Saudi Arabia, p. 199-204.

Edwards, F. J. 1987. Climate and
oceanography. In: Red Sea, A. J. Edwards and S. M.
Head, ed., Key Environments Series, Pergamon
Press, Oxford, p. 45-69.

Edwards, A. J. and Head, S. M., ed. 1987.
Red Sea. Key Environments Series, Pergamon Press,
Oxford, 441 p.



53

ESCWA. 1993. Water Desalination: the
Experience of the GCC Countries. ESCWA Document
93-0872, 64 p.

EPCCOM (Environmental Protection
Coordinating Committee of Saudi Arabia). 1984.
Designation of Environmentally Sensitive Areas for the
Red Sea and Arabian Gulf Coasts.

FAO. 198 1. FAO Country Profile: Saudi
Arabia. FAO, FID/CP/SAU Rev.2.

FAO. 1993. Data Base of Global Fishery
Statistics. FAO, Rome.

Fawzi, M. 1995. Sustainable development and
land resources management in the coastal zone of the
Red Sea. In: Sea to Sea Regional Conference on
Sustainable Use of the Marine Environment of the Red
Sea and Gulf of Aden and the ROPME Area, Jeddah,
Saudi Arabia, p. 63-76.

Fouda, M., and Gerges, M. 1994. Implication
of Climate Change in the Red Sea and Gulf of Aden
Region: An Overview. UNEP Regional Seas Reports
and Studies No. 156, 58 p.

Frazier, J. G., Bertram, C. G., and Evans, P.
G. H. 1987. Turtles and Marine Mammals. In: Red
Sea, A. J. Edwards and S. M. Head, ed., Key
Environments Series, Pergamon Press, Oxford, p.
288-314.

Gasparetti, J., and Shalhoub, N. An
Introduction to the Endangered Marine Mammals of
Arabia for Fishermen, Divers, Coast Guardsmen and
Students (manuscript), 35 p.

Hawkins, J., and Roberts, C. 1994. The
growth of coastal tourism in the Red Sea: present and
future effects on coral reef. Ambio 23:503-508.

Horton, M. 1987. The human settlements on the Red
Sea. In: Red Sea, A. J. Edwards and S. M. Head, ed.,
Key Environments Series, Pergamon Press, Oxford, p.
339-362.

IUCN. 1989. A Conservation Strategy for
the1990s. IUCN, Gland, Switzerland.

IUCN. 1987a. Preliminary Coastal Zone
Management Recommendation for Yemen Arab
Republic. IUCN, Gland, Switzerland.

IUCN. 1987b. Arabian Gulf. Saudi Arabia: An
Assessment of Biotopes and Coastal Zone
Management Requirements for the Arabian Gulf.
MEPA Coastal and Marine Management Series,
Report No. 5. IUCN, Gland, Switzerland.
IUCN. 1983. Global Status of Mangroves Ecosystem,
IUCN Commission on Ecology, paper No.3, 88 p.

IUCN/CNPPA/World Bank. 1993. A Global
Representative System of Marine Protected Areas.

Report to the Word Bank Environmental Department.
Great Barrier Reefs, Marine Park Authority, Canberra,
171 p.

Institute of Oceanography. 1985. Evaluation of
Pollution in Port Sudan Area, Red Sea and Gulf of
Aden Environmental Programme.

Jordan Country Report/PERSGA.
Unpublished report for the implementation of the
strategic action programme for the Red Sea and Gulf
of Aden.

Karbe, L. 1987. Hot brines and the deep sea
environment. In: Red Sea, A. J. Edwards and S. M.
Head, ed., Key Environments Series, Pergamon
Press, Oxford, p. 70-89.

Kedidi, S. M., Abushusha, T., and Allam, K *
1984. Description of the artisanal fishery at Tuwwal
Saudi Arabia: catches, efforts and catches per unit
effort. Survey conducted during 1981-82. Cairo,
Project for Development of Fisheries in Areas of the
Red Sea and Gulf of Aden. UNDP/FAO RAB/81/002/
1:17.

Kolehmainen, S., Morgan, T. and Castro, R.
1974. Mangrove root communities in a thermally
altered area in Guyanilla Bay, Puerto Rico. In: Thermal
Ecology, ed. J.W. Gibbon and R.R. Scharitz, Augusta,
Georgia, p. 371-390.

Lintner, S. F., Arif, S., and Hatziolos, M. 1995 '
The Experience of the World Bank in the Legal
Institutional and Financial Aspects of Regionai
Environmental Programs: Potential Application of
Lessons Learned for the ROPME and PERSGA
Programs. Background Papers from the Sea to Sea
Conference, Jeddah, Saudi Arabia, p. 163-166.

Maillard, C. and Soliman, G. 1986.
Hydrography of the Red Sea and exchanges with the
Indian Ocean in summer. Qceanologica Acta 9:249-
269.

Manaa, A. J. 1. 1995. Environmental impacts
of dual purpose plants. Desalination and Water Reuse
40):46-49.

MAW (Ministry of Agriculture and Water).
Marine Fish Productions from the Traditional Fisheries
in the Kingdom of Saudi Arabia during October 85-
September 86, 1987. 104 p.

McCain, J. 1984. Marine ecology of Saudi
Arabia: the nearshore, soft bottom benthic
communities of the northern area, Arabian Gulf, Saudi
Arabia. Fauna of SaudiArabia 6:79-97.

MCE (Ministry of Culture and Education).
1992. Report of the Kingdom of Saudi Arabia to the
United Nations Conference on Environment and
Development.



54

 MEPA. 1987. Saudi Arabia Assessment of
Coastal Zone Management Requirements.
Meteorology and Environmental Protection
Administration (7 volumes). Jeddah, Saudi Arabia.

MEPA. 1989. An Assessment of the
Conservation Status of Marine Turtles in Saudi Arabia
(2 volumes), MEPA Coastal and Marine Management
Series Reports No. 9.

MEPA. 1989a. The Status and Conservation
Status of the Dugongs in the Saudi Arabian Region.
MEPA Coastal and Marine Management Series
Reports No. 10.

MEPA. 1 989b. Environmental Protection
Standards. MEPA Document 1409-01.

MEPA/MOFNE/World Bank. 1994. Analysis of
Saudi Arabia's Institutional Basis for Environmental
Management, 60 p.

MEPA/MOFNE/World Bank. 1995. Pollution
load of the Kingdom of Saudi Arabia.

Ministry of Planning. 1995. Achievements of
the Development Plans: 1972-1994. Ministry of
Planning Press.

MOFNE (Ministry of Finance and the National
Economy). 1970-1992. Statistical Yearbook for the
Kingdom of Saudi Arabia. MOFNE press.

Morcos, S., and Varley, A. 1990. Red Sea,
Gulf of Aden and Suez Canal, A Bibliography on
Oceanographic and Marine Environment Research.
ALESCO-PERSGA/UNESCO, 198 p.

Morcos, S. A. 1970. Physical and chemical
oceanography of the Red Sea. Oceanographic and
Marine Biology Annual Reviews 8:173-202.

NCWCD (National Commission on Wildlife
Conservation and Development). 1990. A Plan to
Protect Areas of Saudi Arabia, National Commission
for Wildlife Conservation and Development, Arriyadh,
Saudi Arabia, (2 volumes).

Olsen, D. A., Abdulrazzak, M. J., Elgowhary,
S., Khan, A., and Al-Kouli, S. 1996. Management of
Growth in the Coastal Zone: Jeddah, Kingdom of
Saudi Arabia. MEPA Technical Report.

Ormond, R. F. G., and Edwards, A. J. 1987.
Red Sea Fishes. In: Red Sea, A. J. Edwards and S.
M. Head, ed., Key Environments Series, Pergamon
Press, Oxford, p. 251-287.

Phillips, R., and McRoy. 1980. Handbook of Sea
Grass Biology: An Ecosystem Perspective. Gerland
STPM Press, New York, 353 p.

Peacock, N. A. and Alam, K. 1980. The fishery
resource survey of the Saudi Arabia Red Sea.
February 1977-October 1979. Field Final Rep ort.
Fisheries Development Project, Kingdom of Saudi
Arabia (40): 28 p.

PERSGA. 1996. Strategic Action Programme
for the Red Sea and Gulf of Aden. Unpublished report.

Price, A., Crossland, C., Dawson Sheppard, A
McDowall, R., Medley, P., Ormond, R., Stafford Smith,
M., and Wazathall, J. 1987. Aspects of sea grass
ecology along the eastern coast of the Red Sea.
Botanica Marina 31:83-92.

Quadfasel, D. and Baudner, H. 1993. Gyre-
scale circulation cells in the Red Sea. Oceanologica
Acta 16.

Saifullah, S. 1994. Ecology of Mangroves in
Saudi Arabia. In: Red Sea An Overview, Symposium
on Red Sea Marine Environment. King Abdul Aziz
University, Jeddah, Saudi Arabia.

Sadok, A. 1996. Human health impacts
resulting from degradation of the coastal environment.
In: Sea to Sea Regional Conference on Sustainable
Use of the Marine Environment of the Red Sea and
Gulf of Aden and the ROPME Area, Jeddah, Saudi
Arabia.

Saenger, P., Hegerl, E. and Davie, J. 1983.
Global Status of Mangrove Ecosystems. Comm. on
Ecology, Paper No. 3 IUCN, Switzerland, 80 p.

Saleh, M. 1995. Tourism development of the
Red Sea coast. In: Sea to Sea Regional Conference
on Sustainable Use of the Marine Environment of the
Red Sea and Gulf of Aden and the ROPME Area,
Jeddah, Saudi Arabia.

Sanders, M. J., and Morgan, G. R. 1989.
Review Of the Fisheries Resources of the Red Sea
and Gult of Aden. FAO Fisheries Technical Paper 304:
138 p.

Scheer, G., and Pillia, C. 1983. Report on the
stony corals of the Red Sea. Zoologica 133:1-198.

Schroeder, J. 1982. Aspects of Coastal
Management in the Sudanese Red Sea. Journal of
Faculty of Marine Science, Vol. 2.

Shaikh, E., Roff, J., and Dowidar, N. 1986.
Phytoplankton ecology and production in the Red Sea
off Jeddah, Saudi Arabia. Marine Biology 92:405-416.

Sheppard, C., Price, A., and Roberts, C. 1992. Marine
Ecology of the Arabian Region. Academic Press, San
Diego, California, 358 p.



55

Smith, S., and Buddemeier, R. 1992. Global change
and coral reef ecosystems. Annual Review of
Ecological Systems 23:89-118.

Sudan Country Report/PERSGA. Unpublished
report for the implementation of the strategic action
programme for the Red Sea and Gulf of Aden.

Sultan, S., Ahmed, F., and Eighribi, N. 1995.
Sea level variability in the central Red Sea, In: C.
Maillard and G. Soliman, Hydrography of the Red Sea.
Oceanologica Acta, Vol. 18.

Sultan, S., and Ahmed, F. 1990. Geostrophic
currents in the central part of the Red Sea during early
summer. Oceanologica Acta, Vol. 13.

SWCC (Saline Water Conversion
Corporation). 1992. Annual Report for 1411-1412.

Taylor, C., and Ghazi, S. 1994. Jeddah
Environmental Study. MEPA Report, 59 p.

Thayer, G., Wolfe, D. and Williams, R. 1975.
The impact of Man on seagrass systems. Am. Science
63: 288-296.

Thiel, H., and Karbe, L. 1986. Risk
assessment of mining metalliferous muds in the deep
Red Sea. Ambio 15:34-41.

UNDP/FAO. Fisheries in Areas of the Red
Sea and Gulf of Aden. UNDP/FAO RAB/81/002/1:17.

UNEP. 1982. Guidelines and Principles for the
Preparation of a Comprehensive Action Plan for the
Protection and Development of Marine and Coastal
Areas of Regional Seas. UNEP Regional Seas
Reports and Studies No. 15, UNEP, Nairobi.

UNEP. 1985. Management and Conservation
of Renewable Marine Resources in the Red Sea and
Gulf of Aden Region. UNEP Regional Seas Reports
and Studies No. 64, UNEP, Nairobi.

UNEP. 1987. Coastal and Marine
Environment Problems of Somalia. UNEP Regional
Seas Reports and Studies No. 84, UNEP, Nairobi.

UNEP. 1989. Action Plan for the Conservation
of the Marine Environment and Coastal Areas Of the
Red Sea and Gulf of Aden. UNEP Regional Seas
Reports and Studies No. 81, UNEP, Nairobi.

UNEP. 1995. Global Programme of Action for the
Protection of Marine Environment from Land-based
Activities. UNEP(OCA)/LBA/IG.2/7.

UNEP/FAO. 1996. Assessment and Control of
Pollution in the Coastal and Marine Environment of the
Eastern Africa Region. UNEP Regional Seas
Programme Water Branch, Terminal Report EAF/6.

UNESCO. 1984. The Mangrove Ecosystem:
Research and Methods. UNESCO, Paris.

Vine, P., and Schmid, H. 1987. Red Sea
Explorers. Immel Publishing, London.

Wahbeh, M. 1980. Studies on the Ecology
and Productivity of the Sea Grass Halophila,
stioulacea and Some Associated Organisms in the
Gulf of Aqaba. Ph.D. Thesis, University of York, U.K.

Wayzata. 1995. World Fact Book: A
Compilation of the Non-Restricted CIA and
Department of State Data Bases.

Weikert, H. 1987. Plankton and the pelagic
environment. In: Red Sea, A. J. Edwards and S. M.
Head, ed., Key Environments Series, Pergamon
Press, Oxford, p. 90-111.

WHO. 1992. Our Planet, Our Health. Report of
the WHO Commission on Health and Environment
ISBN 9241561483.

World Bank. 1995. The experience of the
World Bank in the legal, institutional and financial
aspects of regional environmental programmes:
Potential applications of the lessons learned for the
ROPME and PERSGA regions. Paper prepared for
the Sea to Sea Conference in Bahrain, 9-13 October,
33 p and 2 figures.

World Resources Institute. 1995. Data Bas the
World Resources Institute.

Yemen Country Report/PERSGA.
Unpublished report for the implementation of the
strategic action programme for the Red Sea and Gulf
of Aden.



56

ANNEX
Location of municipal treatment plants in the Red Sea and Gulf of Aden region
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Location of major refineries in the Red Sea and Gulf of Aden region
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Location of chemical industries in the Red Sea and Gulf of Aden region
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Location of cement plants in the Red Sea and Gulf of Aden region
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Location of power plants in the Red Sea and Gulf of Aden region
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Location of desalination plants in the Red Sea and Gulf of Aden region
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Location of major tourism centres in the Red Sea and Gulf of Aden region


