
























































~ showers and because its space scale is small, its management to minimize harm and maximize benefits
will be difficult and the increase in precipitation would contribute more to erosion than to increasing fresh
water supply.

3.5 STORMINESS

Storminess will increase on the global scale because of the increase of energy imparted to the wind
by the increased water evaporation from the ocean. This will be the first effect to be felt from the climate
change. Because of the dominant importance of the coastal zone storm surges would be among the most
devastating phenomena associated with storms. The magnitude of sea-level rise resuiting from the climate
change in decades could be matched by storms in a matter of hours or days (i.e. the rate of local sea-level
rise resulting from storms is three to four orders of magnitude greater than the global rate of sea-level rise
expected from climatic reasons). Great attention has, therefore, to be pald to the state of preparedness
against such possibilities in vulnerable areas. The worst conditions occur when high water spring tide
coincides with a violent storm. Vulnerability of coastal areas will be determined by three factors: Natural
storminess of the location, range of the tide and the topography of the land. The first factor affects the
southern coast of Oman and Iran as strong winds are associated with the south westerly monsoon blowing
during the summer; the second factor affects the area around Hormuz and the area at the head of SA-llI
as they have the greatest tidal range in the ROPME Sea Area while the third factor affects the Arabian side
of SA-IIl due to the gentleness of its slopes exposing large areas to flooding with a relatively small rise in
the sea level. Considering the combinations of these factors it is likely that the most vulnerable area is SA-
IIl and in particular its head including the city of Kuwait.

. 3.6 PATTERNS IN THE SEA LEVEL

ROPME coastal areas share the effects of the global sea rise with the rest of the world. Protection
from the effects of individual events such as storms which have been discussed earlier is more pressing,
more difficult and perhaps more expensive than facing the slow and gradual sea-level rise, as the longer
time scale in the latter case allows protection measures to be taken at a deliberate and less expensive way.

SA-lll, however, requires detailed treatment for two reasons:  First, it represents the greatest
concentration of oil and gas extraction on earth. Between the years 1971 and 1987 the crude oil production
from the Arabian ROPME Member States was 81.83 billion barrels (GOIC, 1989) equivalent to ~13 billion
m®. The extraction continues and the total volume would conservatively reach 20 billion m® by the year
2000. This volume, if not replaced would produce a subsidence of 20 cm. in a strip 1000 km. long by 100
km. wide. The rate of this subsidence is of the same order of magnitude as that expected from the sea
level rise. The value of subsidence estimated above increases when gas extraction and formation water
are added to the oil. If fossil ground water extraction is added, the figure could easily double. Note that
in Saudi Arabia alone, the extraction for the same period of fossil ground water exceeded 55*10° m®
(Ministry of Planning, Saudi Arabia, 1980). Not all of this water extraction would affect the coastal zone but
if even 20% does, the subsidence due to fossil ground water extraction would again be of the same order
of magnitude as the sea-level rise.

The combination of subsiding coast because of oil and water extraction and rising sea level could
make the apparent sea-level rise in the Arabian ROPME Member States at least double the global average.

Secondly, the special tidal response of SA-lIl. In theory tides in the world ocean are affected by the
water depth. In practice the changes produced in the tides by a change in the ocean depth of tens of
centimetres where the original mean depth is ~3800m. is negligible. In SA-lll with a mean water depth of
~38m only, the effect would be observable and important consequences would result. * SA-lll has two
amphidromic points for each semidiurnal tidal component and one amphidromic point for each diurnal-
component (Figures 3a and 3b). These and the resulting tidal pattern have been calculated by the British
Admiralty for the components K1, O1 and M2 and S2, (British Admiralty, 1976). With the sea-level rise and
the apparent deepening of the sea area the amphidromic points would move towards the mouth (Hormuz)
raising the tidal range in locations whose distance from the amphidromic point increases and vice versa.
Not only would the range change but also the composition of tide at any one place (the ratios S2/M2,
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Figure 3a: Main harmonic constituents in the SA-lll (K, and O,)
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K1/M2, O1/M2) as the positions of the different amphidromic points change with respect to each other. The
head of SA-Ill, again Kuwait City would experience the greatest increase in range while Doha in the middle
would experience a change in the tidal composition. Again with the movement of the amphidromic points
the amplification of the tidal components will be affected differently, the maximum again being at the head
of the area.

3.7 STABILITY OF THE WATER COLUMN

Stability is determined by the vertical distribution of the potential density. As oceanic water acquires
its temperature-salinity characteristics mostly when it was at the surface, the vertical density structure below
the surface layer in the ROPME Sea Area reflects more or less the latitudinal surface values (SA-llI
excepted). Although the rise of surface temperature is predicted to be greatest at high latitudes, the effect
of the temperature rise on the density will not be greater than the effect of the tropical temperature rise
because of the peculiar thermal expansion character of the water.  For a few decades, the water column
stability would not be greatly affected. However with the slow erosion of the permanent and other deep
water thermal structure due to the greater increase of deep water temperatures originating in high latitude
at the surface the stability would decrease and the ocean becomes less stratified.. This would obviously
affect the absorption of atmospheric gases (including CO,) in the ocean as well as the upwelling
phenomena.

3.8 LOW-LYING ISLANDS

The effect of storms (waves and surges) on low-lying islands when added to a sea-level rise can be
devastating. The ROPME Sea Area has a wealth of islands that vary in importance and size from a
sovereign island state (Bahrain) to small uninhabited rocks. Many of them sit on salt caps such as Halul
Island of Qatar and are potential sites for oil and gas extraction. Some others are important ecologically
as sites where turtles or other sea and land biota inhabit or visit at one time or another in their lives. Some
are important resting or nesting stations for migratory birds in their north south annual migrations. Some
of them are important politically and they can be taken as pivotal points in defining the baselines which
determine the extent of the territorial waters and the EEZ.

In SA-Ill most of the area has been demarcated by bilateral or multilateral agreements, but some
islands are still contested. Without adequate protection against sea rise the islands face an inevitable
decrease in area and eventual disappearance. However, they cannot all be defended against the sea-level
rise and a selection has to be made by ROPME Member States collectively and individually about which
ones to protect and to what extent. Some may indeed be saved because of unique ecological features in
which case international assistance may be a possibility.

3.9 OTHER EFFECTS RESULTING FROM SEA-LEVEL RISE
In common with other low lying coastal zones, ROPME Member States will suffer different degrees
of coastal erosion, the more so the longer the coastline. On the Arabian side the erosion would be greater

than on the Iranian side due to the difference in slopes and the nature of the bottom.

As thé sea rises, inland salt water ponds would form where none existed before. These would be
created by high spring tides and by severe storm surges, with potential for future evaporite bed formation.

Salt water will intrude further in rivers and streams. It will further contaminate ground water aided by
the increase in ground water withdrawal.

4. MONITORING REQUIREMENTS

Because global sea-level rise and temperature elevation have come to the world attention only
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relatively recently, monitoring systems specifically tailored to them do not exist. However, advantage can
be taken of systems already existing for other purposes. These can be supplemented to fulfil the new
needs.

The rise of temperature and sea level have three characteristics: they are global in scale, their signal
is weak embedded in strong noise, and their time scale is relatively long. The first characteristic indicates
that ROPME Member States would do well to coordinate and indeed pool their efforts with the global efforts
and programmes relevant to climate change by actively participating in all stages of these programmes
(planning stage, implementation and analysis). At present some of these programmes exist such as Global
Ocean Observing System (GOOS) and Global Climate Observing System (GCOS). The coastal module
of GOOS includes a UNEP/IOC long-term monitoring system for coastal and near-shore phenomena related
to climate change. More programmess will undoubtedly emerge. It is also important for ROPME Member
States and for ROPME to play an active role in the present organizations which breed such programmes
such as IOC of UNESCO, WMO and UNEP.

41 METEOROLOGICAL ELEMENTS

Traditional meteorological networks exist in ROPME Member States but few of them are equipped
to measure nontraditional parameters relevant to climate change. ROPME Member States already have
a network of meteorological stations integrated with the world network. It is recommended that this network
supplement the equipment in their stations so that they can measure parameters relevant to climate change
such as measuring CO, concentration and those of other greenhouse gases, incoming solar and sky iR
radiation and back radiation. Relevant satellite observations such as surface temperature and atmospheric
water vapour content should be archived within the area and be made available to investigators. A regional
climatology oriented data bank (or alternatively, national data banks) should be created in order to keep the
collected data, and carry out the normal and necessary tasks of quality control and data retrieval as needed.
Meteorological monitoring is the easiest monitoring to implement due to the existence of the basic
observational structure and the communications network. '

4.2 OCEANOGRAPHIC ELEMENTS

The sea-level rise needs more elaborate monitoring. The rise cannot be simply measured by tide
gauges. These measure the relative change of the sea level with respect to land which might itself be
subsiding or upliting. Tide gauges are, however, necessary. One tidal station in Oman has been
designated as one of the networks for the Global Sea Level Observing System (GLOSS). More tidal
stations in the area are needed, however, in order to establish the detailed pattern of the tides and the sea-
level rise. A number of tide gauges exist already in ports and in oil loading terminals. Their records should
be collected centrally, perhaps by ROPME, assessed for quality control purposes and made available to
investigators. Because this network was not established for sea-level change purposes, it needs to be
supplemented by a few other gauges. ROPME has plans in that regard and it is recommended that they
be implemented in the not very far future. To get the absolute sea rise, vertical land movement has also
to be known. This can be done by establishing three locations in the area (suggest Iran, Oman and Saudi
Arabia) where the vertical movement would be monitored by the combined use of Very Long Base
Interferometry techniques and GPS (Carter et. al., 1987, Diamante et. al., 1987 and Bock, 1991). Like the
tide gauge programme, this would be a continuing programme subject to periodic reviews.

In order to answer questions about the sea-level rise resulting from changes in the temperature
structure of the water column, a moored deep multilevel temperature recording station in the Arabian Sea
_(south of Oman) should be established in order to determine temperature changes affecting the ocean
volume and hence, the sea-level rise. Resulting data should again be kept in the regional data bank.

In addition to the rainfall records of the catchment areas of rivers and streams flowing into the

ROPME Sea Area, it is recommended that ROPME Member States regularly report all fresh water that flows
into the ROPME Sea Area.
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4.3 NUMERICAL MODELLING

All these data will be helpful in constructing models for changes in ROPME Sea Area, predicting
possible future events under different scenarios to help decision makers evaluate different options. These
models would fall in the category of RMs. As mentioned earlier, RMs derive their boundary conditions from
GCMs. Itis important, therefore, to establish close connections with GCMs and to feed the data and results
that accumulate to the GCMs as needed. The rivers and streams in the area may again have their own
sub-models that include the rainfall and the management schemes of fresh water for irrigation, flood control
and power generation.

5. DESCRIPTION OF ECOSYSTEMS AND POSSIBLE IMPACTS OF CLIMATE
CHANGE

51 FISHERIES

The ROPME area has important fisheries. Iran and Oman had a combined landing of more than
119,000 tons of fish in 1980, which rose to more than 316,000 tons in 1989, representing 52% and 65%
of the total catch of ROPME Member States in those two years, an average annual increase in excess of
10% (Table 4, extracted from the FAO Fisheries Yearbook, Vol. 68,, 1989).

Table 4: Yearly fish catch of ROPME member states

States 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

B. 5115 5,747 5,594 4,812 5,509 7,763 8,057 7,842 6,736 9,204
In. 39,981 40,000 87,364 90,264 93,164 96,364 121,771 169,664 188,515 209,450
Iq. 8,400 8,000 7,000 6,000 5,000 5,500 5,000 5,000 5,000 5,000
K. 3,689 3,714 6,628 8,722 9,639 10,118 7,633 7,704 10,796 7,653
0. 79,000 83,650 89,376 108,766 105,000 101,180 96,354 136,240 166,077 '] 107,000
Q. 2,178 2,604 2,331 2,114 3,173 2,484 1,953 2,678 ' 3,086 4,374
SA. 26,425 29,000 33,000 36,000 40,000 | 43,696 45,517 47,767 46,803 52,190
UAE. 64,400 67,760 69,775 72,716 72,716 72,260 79,321 85,247 89,500 91,160
Total 229,188 240,475 301,048 329,394 334,291 339,365 365,606 462,142 516,513 486,031

(Extracted from FAO yearbook for ﬁsheﬁeé, vol. 68, 1989)

Estimates of the biomass of fish in the area vary widely (Almatar, 1991). In his paper Almatar reports
that the biomass of demersal fish is 1.3 million tons and of pelagic fish is 0.75 million tons and of the
mesopelagic fish in the Guif of Oman and the Arabian Sea alone as 4 million tons.

Among shellfish, shrimp fisheries is the most important. At its peak more than 12,000 tons per year
were caught mostly for export. It underwent the typical history of export industries driven by foreign market
demand and not backed by sufficient research or regulations. Starting in the early 60s it produced large
catches and high profits followed by rapid expansion of the fleet, resulting in falling profits. Different
ROPME Member States have since established an official closed season and there are indications that a
slow recovery is taking place.

Most fish are caught by artisanal methods. The labour force has changed mostly to expatriates but
the capital remains national. Important exceptions are when concessions are granted to foreign fishing
fleets to fish the national waters under national supervision.

18



In order to realize the fisheries potential of the ROPME Sea Area, it is necessary to have
coordinated - if not joint - research, monitoring and control by the ROPME Member States. A useful
first step is the free exchange of information concerning fish catch, future plans and regulations and
regular meetings to exchange experiences. ‘

Mariculture plays a minor role in the ROPME Sea Area at present, but it is steadily, if not slowly
increasing. With repeated scares of polluted sea products, it can only be expected to grow.

Fisheries represents reaping a natural ecosystem. Although most marine animals can move
in order to be in preferred habitats their movement is restricted by the movement of other components
of the ecosystem of which they are part. Because of this complexity prediction of effects of climatic
changes on particular fisheries is, therefore, highly speculative. Changes will, however, occur and
fisheries in the ROPME Sea Area need to be monitored and managed, as mentioned before in-a
coordinated way.

5.2 TURTLES AND DUGONGS

According to Munton (1991), ROPME Sea Area supports five species of turtles four of which
nest in the area. They are: the green turtle, the olive riddle turtle, the hawks bill turtle, the
loggerhead turtle and the leatherback turtle. The leatherback turtle is not known to nest in the area.
The danger to turtles is twofold: the loss of habitat as elements in that habitat change, e.g. the
physical parameters, and the nature and distribution of their normal food (note that some turtles are
vegetarian, that some feed on small crustaceans and some on jellyfish). The other factor is the Inss
of their nesting sites. Tagged turtles have returned to within 800m. of where they have originally been
recorded, but examples have also been found of females nesting on different islands on different
nights. Turtles have survived greater changes of sea level before and are expected to survive this
one, too. What they may not survive is the human interference represented by collecting eggs from
the turtles’ nesting sites. Protection is extended to some of these sites by some ROPME Member
States but the problem needs more quantitative studies in order to formulate a balanced response.

Dugongs do not move as widely as turtles do. They are expected to suffer more than the
turtles as a consequence of the loss of habitat. They have not been studied sufficiently and an
authoritative statement about their response to climatic changes cannot be formulated yet, but it
would be prudent to ban their deliberate catching completely until proper policies based on facts and
research could be formulated.

5.3 CORAL REEFS

These occur in shallow areas in SA-l and SA-ll, and to a great extent in the shallow SA-Ill.
They live under several stresses: the summer high water temperature, the large seasonal temperature
range and the high rate of sedimentation. Although no report of coral bleaching was published to the
authors’ knowledge, this does not mean it did not happen in the area, but that the sparseness of
observations and the continuing occurrence of more dramatic events pushed the coral bleaching down
the priority scale. Stressful conditions would increase as the water level rises, as the storminess
increases bringing additional loads of aeolian sediments from the barren deserts and mountains in
the area. If the relative sea rise outpaces the capability of the coral for vertical growth (the maximum
being ~8mml/yr), the coral would slowly die as the solar light intensity reaching it decreases. Much
work needs to be done to increase knowledge of the coral reefs of the ROPME Sea Area and to
estimate their likely response to the new stresses.
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