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Olmpact of Climate Change on the Arab Cousttizs@econd of a series of annu-

al reports produced by the Arab Forum Bovironment and Development
(AFED) The first AFED report, published in 2008 under the title OArab
Environment: Future Challenges®@ered the most pressing environmental issues
facing the region, and went beyond to provide a policy-oriented analysis. The
report was presented to AFEDOs annual conference which convened in Manama
in October 2008. That conference decided on a set of recommendations that
were endorsed by national and regional institutions. The reportOs findings helped
to raise awareness across the region, and its recommendations resonated in poli-
cies and official positions.

The 2009 AFED report has been designed to provide information to govern-
ments, business, academia and the public about the impact of climate change on
the Arab countries, and encourage concrete action to face the challenge. The
report analyzes the Arab response to the urgent need for adaptation measures,
and uses the latest research findings to describe the vulnerabilities of natural and
human systems in the Arab world to climate change and the impacts on each sec-
tor of human activity. The systems selected for this study include: coastal areas,
food production, fresh water, human health, bio-diversity, in addition to the
consequences on housing, transport, and tourism. In an attempt to help shape
adequate policies, the report discusses options for a post-Kyoto regime and out-
lines the state of international negotiations in this regard.

AFED reveals in the report the findings of a pan-Arab opinion survey it conduct-
ed in 2009, illustrating public attitudes regarding climate change. Another spe-
cial feature is a study carried out for AFED by the Center of Remote Sensing at
Boston University, which analyzes various scenarios of impacts of climate change,
especially on coastal areas, based on space images of the region.

The report identifies the major sources of greenhouse gas emissions in the Arab
world, found to contribute merely 4.2% to the global emissions. However, the
impact of climate change on the fragile environment of the region and its people
is expected to be immense, which demands urgent planning for adaptation meas-
ures.

Climate change acts directly to change natural weather patterns, but the effects
cascade quickly through many sectors. Scarcity of food and water, loss of coastal
areas, disruption to ecosystems, and adverse effects on human health are just
some of the direct threats. The economic sector is not immune and disruptions
to infrastructure and tourism, for example, could conceivably cancel their eco-
nomic benefits. For this reason, governments of the region have a large stake in
making adaptation a national priority.



If this report can inform and help shape public policy in the Arab world on cli-
mate change, then it would have served its purpose. We also hope that the report
would provide policy options which will assist Arab countries to be active parties
in the upcoming negotiations for a Post- Kyoto treaty.

The editors wish to thank all those who supported this initiative, specifically Dr.
Mohamed Kassas and Dr. Mohamed EI-Ashry, who helped in laying down the
methodology and appraising of the outcome. Thanks are also due to the authors
and the many experts who contributed to the contents. AFEDOs special thanks go
to the Environment Agency-Abu Dhabi, official sponsor of the conference to
launch the 2009 Report and partner to many other AFED activities. AFED also
wishes to thank the OPEC Fund for International Development (OFID) for its
continuous genuine support to the ForumOs programmes. Thanks are also due to
the United Nations Environment Programme (UNEP) and all corporate and
media partners who made this endeavor possible.

The Editors
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The world is once again at a crossroads; as the scientific basis behind climate
change is becoming more solid, the imperative for strong and collective action is
becoming increasingly urgent. This urgency is one shared by all countries and
regions of the world, as all will be affected. The Arab region is by no means an
exception; in fact, given the very high vulnerability of Arab countries to the pro-
jected impacts of climate change, it cannot afford inaction on either the global,
regional, or national scales.

Based on the findings of the Intergovernmental Panel on Climate Change
(IPCC) and hundreds of references quoted in the 2009 Report of the Arab
Forum for Environment and Development (AFED), we can categorically state
that the Arab countries are in many ways among the most vulnerable in the world

to the potential impacts of climate change, the most significant of which are
increased average temperatures, less and more erratic precipitation, and sea level
rise (SLR), in a region which already suffers from aridity, recurrent drought and
water scarcity.

Water resources are dwindling. Regardless of climate change, the already
critical situation of water scarcity in the Arab world will reach severe levels by
2025. A report recently published in Japan has warned that what is known as the
Fertile Crescent, spanning from Irag and Syria to Lebanon, Jordan and Palestine,
would lose all traits of fertility and might disappear before the end of the centu-
ry because of deteriorating water supply from the major rivers. Man-made prob-
lems, mainly the widespread construction of dams and unsustainable irrigation
practices which waste about half of the water resources, and rates of human water
consumption which are well above international standards in some Arab coun-
tries, are making the situation worse. The expected effects of climate change are
likely to exacerbate this deterioration. With continuing increases in temperatures,
water flow in the Euphrates may decrease by 30% and that of the Jordan River
by 80% before the turn of the century. If this is the case in the Fertile Crescent,
how will the situation be in other arid Arab countries? Water management is
therefore an urgent issue. We need to improve efficiency, especially in irrigation,
and to develop new water resources, including innovative desalination technolo-
gies.

Sea level rise (SLR) is likewise a big risk, since the bulk of the Arab region's
economic activity, agriculture and population centres are in the coastal zone,
which is highly vulnerable to sea level rise. This can be in the form of both coastal
region inundation and increasing salinity of soil and available freshwater
resources such as aquifers.
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A simulation carried out for AFED by Boston UniversityOs Center for Remote
Sensing revealed that a sea level rise of only 1 metre would directly impact 41,500
km2 of the Arab coastal lands. The most serious impacts of sea level rise would
be in Egypt, Tunisia, Morocco, Algeria, Kuwait, Qatar, Bahrain, and the UAE.
The effects on the regionOs agricultural sector would mostly be felt in Egypt,
where a 1 metre rise would put 12% of the countryOs agricultural land at risk. It
would also directly affect 3.2% of the population in the Arab countries, com-
pared to a global percentage of about 1.28%.

Human health  would be adversely affected by higher temperatures, mainly
due to changes in geographical ranges of disease vectors like mosquitoes, water-
borne pathogens, water quality, air quality and food availability and quality.
Incidence of infectious diseases like malaria and schistosomiasis will increase,
mainly in Egypt, Morocco and Sudan. Malaria, which already infects 3 million
people annually in the Arab region, will become more prevalent and enter new
territories as higher temperatures reduce the incubation period, spread the range
of malaria-bearing mosquitoes and increase their abundance. Higher CO2 con-
centrations and fiercer and more frequent sand storms in desert areas will increase
allergic reactions and pulmonary diseases all over the region.

Food production would face an increased threat, affecting basic human
needs. Harsher and expanding aridity and changes in the spans of seasons may
cut agricultural yields in half if no alternative measures are applied. Urgent adap-
tive measures are required, including changes in crop varieties, fertilizer and irri-
gation practices. Higher temperatures, lower rainfall and alteration in the span of
seasons will require developing new varieties that can adapt to the emerging con-
ditions. Crops which need less water and can withstand higher levels of salinity
should be developed and introduced on a large scale.

Tourism , an important sector of the economy for a number of Arab countries,

is highly vulnerable to climate change. An increase of between 1-4;C in average
temperature will cause a drastic decline in the index of tourism comfort all over
the region. Areas classified between OgoodO and OexcellentO are likely to become
Omarginal to OunfavourableO by the year 2080, mainly because of hotter sum-
mers, extreme weather events, water scarcity and ecosystems degradation.
Bleaching of coral reefs will affect tourism in countries in the Red Sea basin,
mainly Egypt and Jordan. Beach erosion and sea level rise will affect coastal
tourist destinations, mainly in Egypt, Tunisia, Morocco, Syria, Jordan and
Lebanon, especially in locations where sandy beach stretches are narrow and
buildings are close to the shoreline. Options for alternative tourism, which are
less vulnerable to climatic variability, should be explored, such as cultural
tourism. Countries with coastal areas highly vulnerable to sea level rise should
develop alternative inland tourist destinations.

Biodiversity in the Arab countries, already deteriorating, will be further dam-
aged by intensifying climate change. A 2iC rise in temperature will make extinct
up to 40% of all the species. The Arab countries have many unique formations
that are especially vulnerable to climate change risk, such as the cedar forests in
Lebanon and Syria, the mangroves in Qatar, the reed marshes of Iraq, the high
mountain ranges of Yemen and Oman, and the coastal mountain ranges of the
Red Sea.



Land use and urban planning regulations in the Arab region largely
ignore basic adaptation requirements to climate change. An estimated 75% of
buildings and infrastructure in the region are at direct risk of climate change
impacts, mainly from sea level rise, higher intensity and frequency of hot days
and storm surges. Reliability of transportation systems, water supply and waste-
water networks, and energy generation stations will be at risk. At a time when 42
small island-states have established the Alliance of Small Island States (AOSIS) to
defend their common interests in the face of the damaging effects of climate
change, we see artificial islands being built in some Arab countries and others
being planned. These islands will be among the first to be swallowed by the ris-
ing sea level due to their small size and low elevation. Planning requirements
specifying a minimum distance between permanent structures and the shoreline
should take into account the threat of rising sea level. Choices of construction
materials used for buildings and roads should consider the risk of rising temper-
atures. Plans for making infrastructure and buildings resilient to climate change
are needed.

This AFED report has found that virtually no work is being carried out to make
the Arab countries prepared for climate change challenges. Specifically, no con-
certed data gathering and research efforts could be traced regarding the impacts
of climate change on health, infrastructure, biodiversity, tourism, water and food
production. The economic impact seems to be totally ignored. Reliable records
on climate patterns in the region barely exist.

Policymaking in the region has displayed, in many respects, deficiencies that
need to be urgently remedied if Arab countries are to prepare for the potential
negative impacts of climate change. Those range from sustainable management
of natural resources to risk planning. The Maldives, for instance, has plans to save
funds as an insurance policy to relocate its entire population in case of sea level
rise.

In the face of these urgent challenges and vulnerabilities, this report addresses the
key areas at stake and hopes to serve as a basis upon which informed decision-
making, planning, and diplomatic efforts can be built.



Impact of Climate Change on Arab Countries
Main Findings and Conclusions

MOSTAFA K. TOLBA AND NAJIB W. SAAB

Ours is a habitable planet because of a combination of conditions congenial to
life. EarthOs climate is conducive to life because atmospheric greenhouse gas con-
centrations, most notably CO2, trap a portion@stimlight reflected off its sur-

face, thereby warming the planet. Since the Industrial Revolution human activi-
ties B in particular, fossil fuel usage, land use patterns, agriculture and deforesta-
tion B have increased greenhouse gas concentrations in the atmosphere, causing
average temperatures to rise. That the climate is actually changing is now a glob-
ally accepted fact; even the few opponents who still deny that it is man-made
agree that it is happening, but as a manifestation of a natural cycle.

By 2007, the Intergovernmental Panel on Climate Change (IPCC), the United
NationsO scientific body on the issue, stated with high certainty that human caus-
es lay behind most of the observed global temperature increases. Atmospheric
CO2 concentrations have increased from approximately 280 ppm (parts per mil-
lion) in the pre-industrial age to around 430 today. At the level of 550 ppm,
which could be reached as early as 2035, global average temperatures may rise by
more than 2;C. Under a business-as-usual (BAU) scenario, the stock of green-
house gases could more than triple by the end of the century, giving at least a
50% risk of temperatures rising by more than 5;C during the decades to follow.
The scale of such an increase could be illustrated by the fact that the climate is
presently 5;C warmer than in the last ice age, which was over 10,000 years ago.

The amount of carbon held in the oceans has increased, causing gradual but
steady acidification that threatens marine ecosystems. Warmer water tempera-
tures have also caused much coral bleaching. Increasing average temperatures
have steadily caused melting of ice in the polar regions as well as of glaciers
around the world. Warming ocean waters may cause the sea level to rise by up to
59 cm by 2100 according to IPCC 2007 estimates, or even up to 5 metres if the
melting of the Antarctic ice sheet is taken into consideration.

The IPCC predicts that 20 to 30% of species will be made extinct if the temper-
ature increases by more than 1iC, which is already virtually unavoidable.
Extreme weather events and variability will also likely to ensue.
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A number of recent studies suggest that the estimates of the 2007 IPCC Fourth
Assessment Report were too conservative, and that projections will have to be
altered to reflect stronger impacts. For example, developing world emissions have
been growing much more quickly than previously thought, and they are now
projected to surpass those from the developed world by 2010; this crossing point
had previously been projected for 2020 or even later. The IEAOs Reference
Forecasts of Chinese CO2 emissions, for instance, have been drastically revised
upwards between 2000 and 2007. In September 2009 evidence was found by US
scientists that the thickness of the Antarctic ice sheet has declined by 53% since
the 1980 peak, creating the potential for worse than projected sea level rise.

Christopher Field, an American member of the IPCC and founding director of

the Carnegie InstitutionOs Department of Global Ecology at Stanford University,
said at the annual meeting of the American Association for the Advancement of
Science in February 2009 that the pace of climate change exceeds predictions, as
emissions since 2000 have outpaced the estimates used in the IPCCOs 2007
report. Lord Nicholas Stern likewise said in 2008 that in his 2006 Review of the
economic impacts of climate change for the British government, which advocat-
ed strong and immediate climate change action, Owe underestimated the risks...
we underestimated the damage associated with temperature increases... and we
underestimated the probabilities of temperature increases.O

The climate change challenge is one that is global both in its causes and in its
solutions. It is ubiquitous in that almost all human activities contribute to the
problem, and will also be affected by its impacts.

Greenhouse gas emissions are a classical example of what economists call Oan
externalityO: the costs are felt by everyone around the world, not just by the indi-
viduals or countries responsible for the emissions. The damage associated with
climate change is not distributed proportionately according to emissions, as the
burden is shared by those who contribute least to it. As an extra complication,

the most serious damages will be not to present generations but to future ones,
which do not have a strong voice at the negotiating table.

Finally, there is the temporal aspect of the problem. The costs of mitigation and
adaptation to climate change will be incurred immediately while the benefits will
be in the form of avoided future damages, which are difficult to quantify. In
other words, politicians are finding it difficult to justify immediate costs in order
to yield future benefits.

But the economic consequences of inaction are immense: it is estimated that for
every 1iC rise in average global temperature, economic growth would drop by
between 2-3%. The World Economic and Social Survey released by the UN in
2009 estimates the costs of mitigation and adaptation at 1% of World Gross
Product (WGP), which is small compared to the costs and risks of the impacts
of climate change. If action is not taken, or is delayed Oby continuing in the pres-
ent business-as-usual scenario, or making only marginal change, the permanent
loss of projected WGP could be as high as 20%.0 These figures would dwarf the
losses of the economic meltdown of 2008-9. The dilemma is that the impacts of
climate change will be most acutely felt in developing countries, which posses the
least capacity to cope and adapt, both technologically and financially. This makes
technology transfer and appropriate financial packages crucial for any global
agreement or effective action to deal with climate change.
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It is no longer a question of whether or not climate change is happening. The
question now is how climate change will manifest itself regionally and locally and
what can be done about it. For governments, the key issue is balancing short-
term economic growth with long-term sustainable development. A complicating
factor is the scientific uncertainty surrounding climate change: the exact impacts
of climate change and their locations cannot be predicted with perfect accuracy,
nor can so-called Otipping pointsO B points beyond which climate changes are
irreversible B be fully and accurately predicted.

However, this AFED Report argues that the climate change challenge should be
treated like any other decision made in the face of uncertainty: a risk-manage-
ment, or insurance, framework. Utilizing the insurance principle, as long as there
is sufficient likelihood of significant damage, we take measured anticipatory
action, the costs of which are fully justified. What is required is an honest evalu-
ation of the level of insurance deemed necessary to protect B with an acceptable
amount of certainty B against the impacts of climate change. Uncertainty is not
and should not be an excuse for inaction.

As stated previously, effectively battling climate change will require concerted
global action. The division of responsibilities ® Ocommon but differentiated
responsibilities,O according to the UNFCCC B runs into issues of equity. How
should the different responsibilities be fairly distributed? Without adequately
answering this question, any climate change agreement will be neither acceptable
nor sustainable. At the same time, any acceptable and sustainable climate change
agreement will also have to be effective. It will need to be acceptable to all,
respected by all, sufficiently ambitious, and flexible enough to adjust to changing
scientific and technological information.

While this report endorses the view that developed countries will need to take the
lead in global climate change action, developing countries will also need to play
their part. Moreover, while all countries have a legitimate right to economic
development, this need not necessarily conflict with strategies to reduce emis-
sions. With the help of developed countries, developing countries should be able
to reduce their carbon intensity to set them on a path to sustainable develop-
ment. This should be achieved through effective mechanisms of technological
and financial transfers and investment, in a legally binding treaty.

Looking ahead to the negotiations in Copenhagen, it is clear that developing
countries are hesitant to commit to any obligations that place significant restric-
tions on their economic growth. They point to their priority responsibilities to
provide employment opportunities and better standards of living for their popu-
lations.

At the same time, developed countries, in particular the United States, will not

accept a climate change agreement in which the major emitters among the devel-
oping countries are allowed to continue with Obusiness as usualO development.
There must be give and take between the two groups, developed and developing.

Since the successful meeting of the Conference of the Parties in Bali in December
2007, little progress has been made in the negotiations for a post-2012 agreement
on climate change. The Bali Action Plan/Road Map calls for a long-term goal
for global emissions reduction and mitigation actions by developed and develop-
ing countries. Besides mitigation, it also includes adaptation, reforestation, tech-



nology cooperation, and finance. With Copenhagen fast approaching, the nego-
tiations have stalled and there is little or no agreement on any of these.

Disagreement is not only between developed and developing countries, it is also
among developed countries. The G-8 Summits in 2008 and 2009 agreed to
reduce global greenhouse gas emissions by 50% by 2050 and to limit the rise in
worldwide temperatures to no more than 2 degrees Celsius. Developing coun-
tries do not want to support a global target in fear that they will be asked to
accept intermediate targets leading to the 2050 one. In addition, there is dis-
agreement among developed countries on near-term sharing of the burden of
emissions reduction. The EU can commit to 20% reduction by 2020 from 1990
levels and can go to 30% if others make the same commitment. Similarly, Japan
would reduce their emissions by 25% by 2020 from 1990 levels. On the other
hand, US legislation, if it becomes law, would result in a 17% reduction by 2020
from 2005 levels.

Many had hoped that world leaders gathered in New York, on September 22,
2009, for a global summit on climate change might move things forward as they
did in 2007 before Bali. Those hopes were dashed. In speech after speech, pres-
idents and prime-ministers spoke of the importance and urgency of confronting
climate change but stopped short of providing specifics of what they were pre-
pared to do in Copenhagen and beyond.

While some believe that a strong deal is still possible, others have begun to talk
of a Opolitical declarationO rather than a full agreement. Such declaration would
recognize actions being taken and/or planned by countries in their own best

interest (for example, energy efficiency and renewable energy) and continue
negotiations.

The Arab region's minimal contribution to climate change through its limited
greenhouse gas emissions, at less than 5% of the global figure, is dwarfed by the
region's immense vulnerabilities to climate change. Arab countries have a vested
interest in pushing forcefully for a strong treaty that incorporates a diversity of
strict climate change mitigation and adaptation measures and, more important-
ly, to ensure financial and technical assistance to those who need it for achieving
its targets.

Arab governments, as an indication of their willingness to participate in the glob-
al efforts to mitigate climate change, can stress the development of clean energy
technologies, particularly in light of the abundant renewable energy resources
available in the Arab world, specifically solar, wind and hydro. Finally, with an
eye on the Copenhagen negotiations in December 2009, Arab countries would
do well to formulate a unified position on the key issues at stake.

CLIMATE CHANGE MITIGATION EFFORTS

Arab countries, though not primary contributors to atmospheric greenhouse gas
emissions, will have to undertake mitigation efforts as part of global action. A
review of Arab national communications reports to the UNFCCC and current
projects and initiatives shows that Arab countries are in fact implementing vari-
ous climate friendly policies and measures, encompassing both measures to
reduce anthropogenic GHG emissions as well as those to enhance carbon sinks.



Specific examples in the Arab world are the commercialization of wind energy in
Egypt; widespread use of solar heating in Palestine, Tunisia, and Morocco; the
introduction of compressed natural gas (CNG) as a transport fuel in Egypt; the
first concentrated solar power projects in Egypt, Tunisia, Morocco, and Algeria;
the first two Arab green building councils in The UAE and Egypt; the massive
forestation program in the UAE; Masdar, the first zero-carbon city in Abu
Dhabi; the pioneering carbon capture and storage project in Algeria; and JordanOs
introduction of duty and tax exemptions to encourage the import of hybrid cars.
However, most of these initiatives are fragmented and do not appear to have been
implemented as part of a comprehensive policy framework at the national level,
let alone at the regional one.

In a particularly promising development, the newly established International

Renewable Energy Agency (IRENA) has chosen Masdar City in Abu Dhabi as
the agency's first headquarters. This is not only very important for the develop-
ing world as a whole but will hopefully also lead to significant research and
investments into renewable energy in the Arab region.

Arab-Arab cooperation can also be improved, for example in the areas of energy
efficiency and renewable energy, the use of compressed natural gas as a transport
fuel, and investing in carbon capture and storage. Given the importance of the
fossil fuel industry in the Arab region, Arab countries have a vested interest in
helping develop carbon capture and storage technology to help offset emissions
due to fossil fuels usage. Ultimately, if this technology can be made sufficiently
viable, it will be an important part of global climate change mitigation strategies.

As fossil fuels will remain an important part of the energy mix in any future sce-
nario, carbon capture and storage is an important area into which Arab scientists
have to get involved and resources need to be devoted.

PUBLIC PERCEPTION OF CLIMATE CHANGE

AFED conducted a pan-Arab survey in order to explore awareness of climate
change among the Arab public, their perceptions of the need to take action, and
their willingness to personally contribute to climate change mitigation and adap-
tation measures.

The results of the survey showed increasing awareness: 98% believed that the cli-
mate is changing, and 89% believed this was due to human activities. 51%
believed that governments were not acting adequately to address the problem,
while 84% believed climate change posed a serious challenge to their countries.
Over 94% believed that their countries would benefit from participating in glob-

al action to deal with climate change, and 93% pledged to participate in person-
al action to reduce their contribution to the problem.

Asked to choose sectors where climate change will have a major impact in their
countries, it was notable that not a single respondent said there would be no
effect at all. The majority, at the regional level, gave priority to health, drinking
water and food, followed by coastal areas. Those surveyed were also asked to
choose the three most important measures to mitigate the causes and to adapt to
the effects of climate change. Changing consumption patterns, mainly reducing
the use of energy, was the main measure chosen, followed by education and
awareness. Ratifying and implementing international treaties came third.



The respondents to the AFED survey revealed a clear desire for their govern-
ments to participate and cooperate proactively in order to reach a solution to the
problem of climate change; the Arab public seems ready to accept and be part of
concrete national and regional action to deal with climate change. The sceptical
attitudes which prevailed among some groups on the facts and causes of climate
change, either denying it entirely or limiting it to natural causes, are receding.
Government inaction is no longer an option.

CLIMATE CHANGE IN THE ARAB WORND WRAERABILITIES A
COASTAL AREAS

The Arab regionOs coastal zones are of immense importance. The total length of
the coastal zone in the Arab region is 34,000 km, of which 18,000km is inhab-
ited. Most of the regionOs major cities and economic activity is in the coastal
zones. Vastly fertile agricultural lands are located in low-lying, coastal areas such
as the Nile Delta, and popular tourist activities depend on marine and coastal
assets, like coral reefs and associated fauna.

Individual Arab countries will be affected differently under various climate
change related sea level rise projections. Qatar, the UAE, Kuwait, and Tunisia are
most vulnerable in terms of their land mass: 1 to 3 % of land in these countries
will be affected by a 1 metre SLR. Of these, Qatar is by far the most exposed:
under various different SLR projections the figure rises from approximately 3%
of land (1m) to 8% (3m), and even up to more than 13% (5m).

As for SLROs effect on GDP, EgyptOs economy is by far the most vulnerable: for
SLR of 1 metre, more than 6% of its GDP is at risk, which rises to more than
12% for an SLR of 3 metres. Qatar, Tunisia, and the UAE are also exposed, as
over 2% of their respective GDPs are at risk for an SLR of 1 metre, rising to
between 3 and 5% for SLR of 3 metres.

When it comes to the agricultural sector, Egypt will be most impacted by SLR.
More than 12% of Egypt's best agricultural lands in the Nile Delta are at risk
from SLR of 1 metre, and this figure rises dramatically to 25% (SLR of 3m) and
even almost 35% (extreme SLR of 5m).

HUMAN HEALTH

Increasingly, scientists are beginning to recognize climate change as an emerging
risk factor for human health. A number of projected climate change impacts will
have negative implications for human health. The health effects can be direct,
such as extreme weather events like storms, floods, and heat waves, or indirect,
such as changes in the ranges of disease vectors (e.g., mosquitoes), water-borne
pathogens, water quality, air quality, and foodahVidy and quality.
Furthermore, the actual health impacts will be different for different Arab coun-
tries, according to local environmental conditions, socio-economic circum-
stances, and the range of adopted social, institutional, technological, and behav-
ioural measures.

The limited research conducted in Arab countries has shown that climate change



plays an important role in the spread of vector-borne infectious diseases, such as
malaria and schistosomiasis (Egypt, Morocco and Sudan). It also affects the sea-
sonal concentrations of some allergens in the atmosphere, causing allergic reac-
tions and pulmonary diseases (Lebanon, Saudi Arabia and UAE), and worsens
the public health impact of heat waves especially in Arab countries with hot sum-
mer climates.

Heat waves are projected to become more intense, frequent, and prolonged due
to climate change. A number of studies in the region have looked at heat-related
mortality rates, and have consistently found a significant association between
temperature and mortality.

The link between infectious diseases B which globally kill between 14 and 17 mil-
lion people each year B and climatic conditions has been studied extensively.
Malaria, for instance, which infects about 3 million people in the Arab region
each year, may become more prevalent as higher temperatures reduce the dis-
easeOs incubation period, spread the range of malaria-bearing mosquitoes, and
increase mosquito abundance.

Indirectly, a number of climate change impacts discussed in various sections of
this report may also have health ramifications. For instance, sea level rise and
coastal flooding may impact food security and lead to malnutrition and hunger,
and reduced precipitation and increased temperatures may aggravate water
scarcity, increasing its negative impact on human health.

Health systems in the Arab world need to be adapted and prepared to respond to
the consequences of climate change.

FRESH WATER

Water is scarce across the region, with available water resources below 1,000 m3
per capita per year in all Arab countries except Iraq, Lebanon, and Syria.
Although the Arab region occupies 10% of the planet, it contains less than 1%
of the worldOs freshwater resources. The predicted impacts of climate change in
the Arab region, namely increased temperatures as well as reduced and more
erratic precipitation, will exacerbate an already critical state of vulnerability, and
place even more stress on the limited fresh water resources. Both the quantity and
quality of fresh water resources are in danger. High population growth rates in
the region, and the high rate of per capita consumption of fresh water, make the
problem chronic and aggravate its impact, with around 80% of fresh water
resources devoted to agriculture.

Climate change is expected to affect the flow of rivers, which could cause water
shortages (in case of decreased rainfall) or flooding (in case of periodic increased
rainfall). Water regimes in riparian countries will also affect Arab countries
dependent on rivers originating elsewhere, such as Iraq, Syria, Egypt and Sudan.

Recommended adaptation measures include changing cropping patterns, adopt-
ing water saving techniques, introducing integrated water resource management,
developing new varieties of crops that are more resilient to higher temperatures
and soil salinity, and initiating innovative desalination technologies. Finally,
Arab countries have to reconsider allocating water for different development
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activities based on water use efficiency represented by production per cubic meter
of water, rather than production per unit area of land, i.e., optimizing water use,
especially in agriculture, which gives maximum economic return per unit volume
of water.

FOOD PRODUCTION

Food security in the Arab world has long been subject to environmental and
socio-economic pressures. The dominant arid corsditlimited water
resources, erratic cropping patterns, intensive grazing, population growth, and
low knowledge and technology levels all affect food production systems in the
region.

The dominant agricultural system in Arab countries is rainfed agriculture; as
such, annual agricultural productivity and food security are highly correlated to
the annual variability of precipitation. Climate change may increase the variabil-
ity of rainfall and thus increase incidents of drought.

Projected climate changes may have disastrous effects on agricultural production
in the Arab world. As a number of studies have shown, increased temperatures
cause much higher water needs in summer crops. Water scarcity in the Arab
region is projected to increase rather than decrease, and therefore agriculture B
and in turn the Arab regionOs food security B is highly vulnerable to climate
change, with the risk of 50% decrease in food production if current practices
continue.

What policies can help adapt the Arab worldOs agricultural sector to climate
change? This AFED Report recommends that crop varieties, fertilizer, irrigation
and other water management practices should be altered, as necessary, in light of
climate change vulnerabilities. Also, information on climate variability and sea-
sonal climate forecasting need to be improved in order to reduce production risk.

TOURISM

Tourism is important for a number of Arab economies. However, like most sec-
tors of economic activity, it is vulnerable to the impacts of climate change.

The attractiveness of a tourism destination depends to a significant degree on the
climate, although clearly a number of other factors are also important. Using an
index of various climatic factors, the index of tourism comfort measures the
degree of climatic comfort at a given site. With climate change, however, the cli-
matic factors change. For example, the arid lands in the Arab region will expand,
moving north in North Africa.

The index of tourism comfort will probably decline in the Arab world in the
coming decades. The areas currently classified as "good", "very good" and "excel-
lent" will be less favourable by the year 2080, with climate change to blame.
Many of the projected climate changes in the Arab region will impact the attrac-
tiveness of Arab tourist destinations. Hotter summers, droughts, extreme weath-

er events, water scarcity, and ecosystem degradation are examples.
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Coral reefs are important tourist attractions for Egypt and Jordan, but are at the
same time extremely vulnerable to climatic changes, brought about by increased
temperatures and ocean acidity, both of which contribute to coral bleaching.
Beach erosion is also a risk to the attractiveness of coastal areas. Narrow low-lying
sandy beaches will be badly affected and these stretches would become unsuitable
for sea-goers.

Much will depend on how well the sector can adapt. Future tourism develop-
ment must take anticipated changes into account through integrated and inclu-
sive planning, such as clearer guidelines on the allowed distance between perma-
nent structures and the shoreline. Options for alternative and more sustainable
tourism which is less sensitive to climatic variability, such as cultural tourism,
should be explored. Finally, more inland and desert tourist destinations should
be developed.

INFRASTRUCTURE

Climate change is expected to significantly affect infrastructure across the Arab
world. Transportation infrastructure is generally vulnerable to projected increas-
es in the intensity and frequency of hot days, storm activities, and sea level rise.
Infrastructure in the coastal zones is particularly vulnerable to SLR and possible
storm surges. These risks are highest in Egypt, Bahrain, and the UAE.

Reliability of water supply systems will be impacted by diminishing fresh water
supplies and higher average temperatures. Wastewater networks are particularly
vulnerable to excessive rainfall events and SLR. Energy generation will be ham-
pered by higher ambient temperatures which will reduce the efficiency and
capacity of gas turbines, and reduce the cooling efficiency of thermal plants.
Energy distribution and transmission systems will be more prone to failure as
extreme weather events become more frequent.

What should be done? Infrastructure should be enhanced to withstand climate
change, design criteria and operations should be upgraded to take it into account,
new technologies should be utilized and the public should be brought into the
decision-making process.

BIODIVERSITY

Many plant and animal species in the Arab world already face threats to their sur-
vival, and their vulnerability will be exacerbated by the projected impacts of cli-
mate change. The number of species in the Arab world is already low by global
standards, and the general harshness of the arid climate makes the region espe-
cially vulnerable to significant species loss. Using the IUCN threat categories,
Yemen has by far the highest number of threatened plant species at 159, while
Sudan and Somalia have 17 each.

Djibouti, Egypt, Jordan, Morocco, Saudi Arabia, Somalia, Sudan and Yemen all
have more than 80 threatened animal species, with Egypt topping the list at 108
species. Climate change could alter the animal composition of entire ecosystems.

Ornithological diversity is a major asset to the Arab world and is very threatened



by climate change. Many Arab countries lie on important bird migration routes.
In particular, Djibouti, Mauritania, and Bahrain are home to millions of migra-
tory birds and large breeding colonies.

Unique species that are restricted in their habitat range, and/or are at the margin
of their ecological tolerances, are most vulnerable to climate change. In the Arab
region, these habitats include the mangroves in Qatar, the cedar forests in
Lebanon and Syria, the islands of Djibouti, the marshes of Iraq, the high moun-
tain ranges of Yemen and Oman, and the large rivers of the Nile (Egypt and
Sudan), the Euphrates and Tigris (Iraq and Syria), and Yarmuk (Syria and
Jordan).

The Arab region as an interlinked geographical entity should develop and imple-
ment regional mechanisms for coordinating activities in this field. Species range-
shifts and impacts of extreme events often occur on regional scales so an effective
climate change strategy must include mechanisms for coordinating conservation
actions at the regional level across political boundaries and agency jurisdiction.

CONCLUDING REMARKS

In the Arab region, the vulnerabilities to the potential impacts of climate change
are high, current capacities and actions are inadequate, and effective strategies for
mitigating and adapting to climate change are urgently required. The fact that
the region's contribution to the problem is relatively small does not mean that
political and diplomatic complacency is an option. Arab countries are among the
most vulnerable to the potential impacts of clioheiege because of their exist-

ing vulnerabilities, notably water scarcity and recurrent drought.

Alarmingly, this report has found that virtually no work is being carried out to
make the Arab countries prepared for climate change challenges. Specifically, no
concerted data gathering and research efforts could be traced regarding the
impacts of climate change on health, infrastructure, biodiversity, tourism, water
and food production. The economic impact seems to be totally ignored. Reliable
records on climate patterns in the region barely exist. This highlights the need for
high quality climate information and research, as regional climate predictions are
critical for planning and risk management. Land-use, physical planning and
building standards, which take account of climate change, have to be imposed on
buildings and long-lived infrastructure. Government policies that promote low-
carbon and efficient goods and services, and endorse sustainable management of
natural resources and coastal protection, are overdue. The private sector needs to
be brought in by offering the right incentives for implementing effective solu-
tions.

This report argues that, in the case of Arab countries, adaptation will provide

local benefits in the short term and provide B as by-products - immediate solu-
tions to inherent Arab problems not entirely caused by climate change, such as
drought, water scarcity and air pollution.

There are a number of promising initiatives in the Arab region: Abu Dhabi
Future Energy Company (Masdar) is building an innovative zero-carbon clean
energy hub, and the King Abdullah University of Science and Technology
(KAUST) in Saudi Arabia has been established as a centre of excellence on ener-



gy studies; both are perfect manifestations of transforming oil income into future
technology. There is also AFEDOs Arab Green Economy Initiative, an exercise in
public-private partnership. It is essential that these initiatives become part of an
integrated, large and sustainable development plan.

The Council of Arab Ministers Responsible for the Environment (CAMRE)
issued a landmark Declaration in 2007, which adopted the scientific consensus
that was reached by the IPCC, accepting that the increase of global temperatures
was mainly due to human activities. The ministers stated their "determination to
strive to achieve" several objectives, including: adopting national and regional
action plans dealing with climate change issues in order to assess possible impacts
and develop mitigation and adaptation programmes; promoting the production
and use of cleaner fuels; making energy use more efficient in all sectors; diversi-
fying energy sources in accordance with the prevailing economic and social con-
ditions; expanding the use of cleaner production techniques and environmental-

ly friendly technologies; and expanding the use of economic incentives to encour-
age more efficient products. In the context of adaptation, the declaration focused
on the need for necessary infrastructure to reduce potential risks, including the
efficiency of natural resource management and advanced monitoring, control
and early warning systems as well as the establishment of climate research and
study centres.

This comprehensive declaration of intentions constitutes the basis for action that
should include specific objectives and implementation plans within a fixed time-
frame. Delays are no longer an option, especially amid crucial negotiations that
will define the international position towards climate change for the post Kyoto
era.

The challenges facing the Arab world from climate change are immense, but the
bleak situation can still be averted if the region acts fast. Inaction is no longer an
option.
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STABILISATION LEVELS AND PROBABILITY RANGES FOR TEMPERATURE INCREASES

Possible effects of global climate change

The UN Copenhagen climate conference is widely billed as the last chance to save
the planet from a temperature rise beyond two degrees Celsius. Beyond this point
scientists warn that impacts will be severe, with dangerous and irreversible effects
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CHAPTER 1

I" SUMMARY OF RESULTS level, gave priority to health, drinking water and
food, followed by coastal areas. Those surveyed
A pan-Arab survey conducted by the Arab Foruvere also asked to choose the three most impor-
for Environment and Development (AFEDjant measures to mitigate the causes and adapt to
found that a resounding majority of 98%he effects of climate change. Changing con-
believed that the climate is changing, and 8%Umption patterns, mainly reducing the use of
thought this was due to human activities, includnergy, was the main measure chosen, followed
ing excessive use of energy and depletiorbyofeducation and awareness. Ratifying and
resources. 51% of respondents thought that giowplementing international treaties came third.
ernments were not acting adequately to address
the problem. A small portion of 5% at thét was peculiar that respondents from some coun-
regional level said they did not understand wiids which face major threats did not fully recog-
climate change was, reaching a maximum of 14%e this: 36% in Sudan answered that climate
in Syria. However, 95% of those who said thelgange did not pose serious problem to their
did not understand what climate change was, stilintry, at a time when a World Bank report put
answered that they believed it was happeni@gdan on top of a list of twelve countries classi-
Those who said climate change posed a sefiiealsto be the most affected regarding agriculture
challenge to their countries accounted for 848@d food production. A similar situation applies
reaching 94% in Morocco and 100% in Tunisido Syria, where 33% of the respondents did not
It was remarkable to find that over 94% believidd that climate change was a serious threat to
that their countries would benefit from particithe country. In contrast, 100% of Sudanese and
pating in global action to deal with climat8yrian respondents agreed that the climate is
change, and 93% pledged to participate in pglebally changing. This reflects the general trend
sonal action to reduce their contribution to thef approaching climate change in Arab media
problem. and by politicians as a global issue, with little
being discussed about local implications.
Asked to choose sectors where climate change
will have major impact in their countries, it stoothe results clearly showed that climate change
out that not a single respondent said there willliees become widely accepted by the public in
no effect at all. The majority, at the regionArab countries as a fact which needs to be
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ARAB ENVIRONMENT: CLIMATE CHANGE

SOCIO#ECONOMIC DISTRIBUTION OF THE SAMPLE

Age Gender
@ less than 20 41-50 B Male ®Female
H21-30 7 above 50
M 31-40
Education Family Income
4% 7% 5%
9%
5%
Primary W Technical m Above average
I Intermediate H "niversity H Average
W Secondary W Below average

addressed. Remarkably, the majority of respphDESCRIPTION AND BACKGROUND

dents from all countries, regions and socio-eco-

nomic backgrounds agreed that more shouldTde survey on public attitudes in the Arab coun-
done by governments. Moreover, the survees pertaining to climate change was organized
showed that the sceptical attitudes which plbg+ AFED, as part of its 2009 expert annual
vailed among some groups on the facts and cegpert on the impact of climate change on the
es of climate change, either denying it entirelyAsab region. The survey was conducted between
limiting it to natural causes, are receding. February-May 2009, on a voluntary basis and



CHAPTER 1

without interviewers. The questionnaire was dis-ab countries. Starting with general questions
tributed through  Al-Bia  Wal-Tanmiaabout the extent of knowledge about what cli-
(Environment # Development) magazine, anthate change means and whether it is considered
eight daily Arabic-language newspapers. Thegeose a real threat to the country of the respon-
included Al-Hayat (pan-Arab), An-Nahadent, questions moved into details of specifying
(Lebanon), Al-Khaleej (UAE), Al-Qabasectors affected according to priority, and identi-
(Kuwait), Al-Ayyam (Bahrain), Ash-Sharfying major measures of mitigation and adapta-
(Qatar), Al-Ahdath (Morocco), and Ad-Dustoution, and classifying the level of response of gov-
(Jordan). The survey was also promoted on #nements to deal with climate change.
pan-Arab Future TV and the Arabic service of

Responses were received and processed from 19

| UNDERSTAND WHAT CLIMATE CHANGE IS Arab countries. Results were reflected in the

report, as total average as well as per country. The
TOTAL SAMPLE sample analyzed included 2,322 responses from:
Algeria, Bahrain, Egypt, Iraq, Jordan, Kuwait,
No Lebanon, Libya, Morocco, Oman, Palestine,
Qatar, Saudi Arabia, Sudan, Syria, Tunisia,
United Arab Emirates and Yemen. The listing in
the tables and charts followed sub-regional clus-
ters not alphabetical order. The report classified
country clusters as follows:

5%

Levant: Iraq, Jordan, Lebanon, Palestine, Syria.
Gulf: Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia, United Arab Emirates.

W $es H No Arab African countries: Algeria, Egypt, Morocco,
Sudan, Tunisia.

Other: Libya, Mauritania, Yemen (small sample

| BELIEVE THE CLIMATE IS CHANGING

TOTAL SAMPLE

M Agree | don#t know

for individual statistics for the first 2, and socio-
economic/geographical considerations which
dictated to keep Yemen out of clusters).

I don#t know The majority of respondents replied by mail
2% (53%), while 42% used e-mail, which reflects
wider use of electronic media among partici-
pants. The remaining 5% replied by fax. As it
was not a requirement to use the original ques-
tionnaire, many answered on photocopied sheets.

The answers were sorted and statistically tabulat-
ed by Pan Arab Research Centre (PARC), a
Gallup associate. A data base, including socio-
economic data, was prepared. In addition to

allowing socio-economic analysis of the sample,

it helped to eliminate duplication, as the program
deleted multiple answers received from the same
Monte Carlo Dawliya radio and posted on thgerson.
website of AFED.

The combination of voluntary respondents
Alongside data collection, the questionnaire wha®ugh a regional environmental magazine and
designed in a way to make use of the wide resight leading daily newspapers, reaching both
of partner media outlets to spread awarenessmecialized readers and the general public, com-
climate change and its possible consequencdsired with internet access and promotion via
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radio and TV, ensured a sample from a widbove 41 years old, 8% below 20 and 50%
range of social, economic and educational bdmtween 21-40 years, Respondents were asked to
grounds, that reflected broad spectrum of viewlgssify their income group compared to the pre-
It is to be noted, however, that the samplailing level of income in their country; 64% said
includes a big segment of educated people; wihiégy have average income, 31% above average
this might reflect more the views of those neaaed 5% below average. It is to be noted, there-
to decision making, it does not proportionallipre, that people with low-income and lower

reflect the actual population mix.

education levels were not proportionally repre-
sented. But as the sample was analyzed on socio-

The respondents have the following major chaconomic basis, it was possible to track differ-
acteristics: 75% possess university level edenees in attitudes among different categories.
tion, 74% are males and 26% females, 42% were
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DO YOU THINK CLIMATE CHANGE WILL AFFECT ANY

ONE OF THE FOLLOWING SECTORS IN YOUR COUNTRY&
(YOU MAY SELECT ANY NUMBER OF OPTIONS)

TOTAL SAMPLE

72 9
53
47
39
I !

Food

Health Coastal

areas

1t il not
affect any
sector

Drin&ing Forests  Tourism No ans'er

‘ater

" ARAB PUBLIC OPINION AND CLI#
MATE CHANGE SURVEY: DETAILED
ANALYSIS

1# Do you understand $hat climate
change is&

regional groups (Levant and Egypt, Gulf, North
Africa), variations showed among age groups,
with the highest level of ignorance of the prob-
lem among those below 30-years old (7.5%)
compared to only 3% among the over 41 group.
Variations also showed within different educa-
tion categories, with 10% of the below universi-
ty level education group professing not to under-
stand what climate change is, compared to 3%
for university level respondents. This reflects the
fact that higher education brings better awareness
of environmental challenges. However, we would
have expected higher awareness among younger
generations compared to the older groups, which
showed not to be the case.

2# Do you believe that the climate is
changing&

A resounding 98% answered that they believe the
climate is changing. It was remarkable that the
percentage reached 100% in some countries
where the level of understanding of the climate
change issue was the lowest, such as Syria,

IT

COUNTRY PARTICIPATE IN WORLDWIDE ACTION TO
LIMIT CLIMATE CHANGE

B Agree

The majority of respondents, 95%, answerbtbrocco and Saudi Arabia. Regional group aver-
positively, 5% said they did not understand ages were uniform, and no major disparities were
did not know. The highest percentage of thosrorded among different age, education or
who answered OyesO was in Qatar, Oman, hatise groups. Results show that among the
and Palestine (100%). The highest percentage338 who agreed that the climate is changing,
those who said they did not understand what detween 5-10% did not understand why.
mate change were scored in Syria (11%),
Morocco (8%), Lebanon (7%), Saudi Arabig# Is climate change mainly caused by
(6%), UAE (4%) and Egypt (3%). human activities (industry, transporta#

tion, po$er generation, urbani‘ation,
While no major differences were observed amerng&

89% of the total sample agreed that climate
change was primarily caused by human activity.
The highest percentage of those who agreed was
in North Africa (93%), followed by the Gulf
countries (89%) and the Levant (86%). It is
remarkable that the highest percentage of dis-
agreement came from Syria (28% disagree, 4%
do not know), followed by Qatar (26% disagree,
3% do not know) and Morocco (14% disagree,
3% do not know). The percentage of those who
thought that climate change was mainly due to
human activities was highest in Oman, Tunisia
and Palestine (100%), Egypt (98%) and Jordan
(96%). In Saudi Arabia, 92% said it was due to
human activities, while 7% disagreed, compared
to 90% who agreed in UAE and 88% in Kuwait.
This clearly shows that the majority of respon-

IS OF A HIGH IMPORTANCE AND BENEFIT THAT MY

Total Sample
3% Disagree

3% I don#t know

| don#t know

B Disagree




dents in the Gulf oil producing countries thin | WILL DO WHAT | CAN TO REDUCE MY CONTRIBUTION
that human activities are generally considered TO CLIMATE CHANGE

primary cause of climate change. While no major

variations show between genders and age groyps, 93
a disparity was noted between different education
levels: while 92% of those with university educaso -
tion thought that climate change was caused by
human activities, only 80% of those below uni-0 |
versity level agreed.

Total Sample

40

4# Climate change is a serious problem 201
for the country of my residence"

0
84% of the respondents thought that climate Agree Disagree I don#t know
change posed a real threat to their country of res-

idence. The highest percentage came from Arab

countries in Africa (88%) followed by Gulf counn your country: Food, Health, Drin*ing

tries and the Levant (both 83%). The highe®¥ater, Coastal areas, Forests, Tourism&

portions of respondents who agreed were Wil not affect any sector& No ans$er&

Tunisia (100%) and Morocco (94%), while the

lowest was in Syria (67%). The highest perceRespondents were asked to choose from among

age of those who said that climate change did simtsectors most likely to be affected by climate

pose a serious problem to their country waschmange in their country. They could choose any

Syria (27% disagreed and 6% said they did motmber of sectors. It is significant that zero per-

know). cent of participants answered that climate change
had no effect at all on their country. At the

5# Do you thin* that climate change $ill regional level, health came on top with 78%, fol-

affect any one of the follo$ing sectors lowed by drinking water 72%, food 69%, coastal

MY GOVERNMENT IS ACTING WELL TO ADDRESS CLIMATE CHANGE
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IN YOUR OPINION, WHAT ARE THE MAIN 3 MEASURES TO MITIGATE CLIMATE CHANGE CAUSES AND
ADAPT TO IT&

64%

50%

TOTAL SAMPLE

41%

40%

Reduce Educational Ratify and Environmental Forests Scientific Develop crops Low-lying No answer
consumption and implement planning and development research that need lesscoastal areas
Jmainly awareness international monitoring and protection water protection
energy* campaign treaties and for mega-
legislations projects

areas 53%, forests 47%, and tourism 39%ersonal action to help reduce their contribution
Health was the first choice in all sub-regione.the causes of climate change. The highest per-
While drinking water was voted as the secarehtage of those who agreed was in Africa (98%)
priority affected sector in Levant and Gulf coumith an equal figure in the Gulf and Levant
tries, it was overtaken in Arab African countri@2%). While the positive response reached
by food. Coastal areas, which scored fourth pla88% in Morocco, Oman and Palestine, 98% in
in the total sample as well as in Gulf and Ardbrdan and Kuwait and 96% in Tunisia, it hov-
African countries, were overtaken by forestsened around 90% in all other countries.

the Levant, apparently driven by the recent forest

fires in Lebanon, but also scored high 8¢ My government is acting $ell to

Morocco, Syria and Jordan.

6# Is it of high importance and benefit
that my country participate in global
action to limit climate change&

address climate change”

Although the majority of the total sample of
respondents thought that their governments
were not doing enough to address climate

change (51%), major variations showed among
94% of the respondents agreed that their courdifferent sub-regions and countries. 59% in the
should participate in worldwide action to dehkvant thought their countries were not doing
with climate change challenges, and that teisough, compared to 49% in Arab African
brings benefits. At a sub-regional level, 100%coflintries and 44% in the Gulf group. Those
participants from Arab African countries agreedho thought their countries were acting well to
compared to 95% in the Gulf and 90% in thaddress climate change were 22% in the Levant,
Levant. At the country level, the percentage3#% in Arab African countries and 37% in the
those who agreed reached 100% in Omaaulf. The percentage of those who answered
Egypt, Morocco, Tunisia, Jordan, Palestine atidht they did not know was high for this ques-
Qatar, 95% in UAE and Kuwait, scoring théion: 19% for the total sample, and nearly the
lowest support in Syria (83%) and Leban@ame for each sub-region. Those mostly satisfied
(89%). No major disparities showed among difith their governmentsO action on climate
ferent socio-economic groups. change were in Oman (92%), Qatar (67%),
UAE and Jordan (42%). The highest percent-
ages of those who thought their governments
were not doing enough were scored in Palestine
(80%), Lebanon (78%), Kuwait (56%) and
93% of the respondents agreed to participateEgypt (54%). While no significant disparities

7# 1 $ill do $hat | can to reduce my con#
tribution to climate change”



showed among different education and incop=" “w.« ,
levels, it was interesting to note that the perce; ©—_*.
age of females who deplored the inadequacs « -~ s S
government action was much higher than tH ... J.,_‘ -

of males (62% to 47%). o
9# In your opinion $hat are the main 3 - f‘f*
measures to mitigate climate change

causes and adapt to it& Choose up to 3 _;-f

from: Reduce consumption (mainly F il
energy)+ forest development and pro# oy

tection+ ratify and implement interna# -
tional treaties+ educational and a$are# *
ness campaigns+ scientific research+
protection of lo$#lying coastal areas+
develop crops that need less $ater+ *__
environment planning and monitoring
of mega#pro-ects” outright recognition of the problem at all levels
and in all countries of the region. The high per-
Reducing consumption, mainly of energy, weentage of those who thought in 2009 that cli-
voted the number one measure to mitigate cliate change posed a serious threat to their coun-
mate change, at both the regional level for thes (84%) reveals a sharp increase compared to
total sample (64%) as well as in the sub-regiapan-Arab survey carried out in 2000 by Al-Bia
with minimal variations. Education and awar@al-Tanmia (Environment # Development
ness campaigns followed in second place in tolagjazine - EDM) when only 42% thought so
sample (50%) as well as in the Gulf (54%Arab Public Opinion and the Environment,
while forest development and protection to@00, EDM, UNEP, CAMRE). The results like-
second place in the Levant (53%), and ratifyilygreflect the high profile climate change has
and implementing international treaties scoradquired in both global political agendas and
second place in Arab African countries (52%y)ternational media.
The third place at the regional level covering the
total sample went for international treatiel,is, however, interesting to note that 14% of
while at the sub-regional level the third plateose who agreed that the climate is changing
was occupied by education in the Levant agidbally, still did not think that this presented
the Arab African countries, and internationetal challenges to their own country. This leads
treaties in the Gulf countries. It is to be notat to conclude that Arab public perception of
that protection of low-lying coastal areas scootithate change is largely derived from interna-
lower than 10% in most sub-regions, while tibnal media, in the absence of real work in the
got 33% in Qatar, 19% in Saudi Arabia, 17% ioountries of the region to identify local and
Syria and 15% in Egypt. Scientific researmygional ramifications of the climate threat and
scored remarkably high in Qatar, with 51%mnake them available to the public. However, the
Two results stood out in Oman: environmersurvey clearly proves that the general opinion in
planning and monitoring of mega-project&rab countries recognizes climate change as a
scored first at 83% compared to a total averag@ity, and largely accepts that it is mainly
of 41%, and protection of low-lying coastalused by human activities. It is significant that
areas got zero, in spite of the damage causetidynajority thought that changing consump-
hurricane Gonu in 2007. tion patterns every where, mainly sustainable
use of energy, is the prime measure needed to
mitigate to the threat.
IV'" CONCLUSION
In conclusion, the Arab public seems to be ripe to
The outcome of the 2009 AFED survey on Aralocept and be part of concrete national and
public opinion regarding climate change revedgional action to deal with climate change.
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The survey was carried out between February- Levant: Ira6, Jordan, Lebanon, Palestine,
May 2009, on voluntary basis and without Syria.

interviewers. (uestionnaires were sorted by - +ulf: Bahrain, Kuwait, Oman, (atar,
the Pan Arab Research Center )PARC* a Saudi Arabia, "nited Arab Emirates.

+allop associate, which prepared the statisti- - African Arab Countries: Algeria, Egypt,

cal report. Morocco, Sudan, Tunisia.

All figures were rounded to the nearest deci- - $emen was kept out of clusters for uni6ue

mal. socio-economic and geographical consid-
erations.

For statistical purposes, countries were- Other: Libya and Mauritania were not

grouped in the following clusters: analyzed individually due to small samples.

| UNDERSTAND WHAT CLIMATE CHANGE IS:

+UESTION *
"otal #ample $evant %ulf Arab Africa &emen ‘ther
% % % % % %
Yes 95 94 9 9 94 100
No 5 7 4 4 ' -

+UESTION 2 | BELIEVE THE CLIMATE IS CHANGING
"otal #ample $evant %ulf Arab Africa &emen ‘ther
% % % % % %
Agree 98 98 99 99 94 100
| don.t *no$ 2 2 1 1 ' -

CLIMATE CHANGE IS PRIMARILY THE RESULT OF HUMAN ACTIVITIES (INDUSTRY,

+UESTION # TRANSPORTATION, ENERGY GENERATION, ETC")
"otal #ample $evant %ulf Arab Africa &emen ‘ther
% % % % % %
Agree 89 87 89 93 100 75
Disagree 7 9 7 5 - 8
| don.t *no$ 4 5 4 1 - 17

+UESTION $ CLIMATE CHANGE IS A SERIOUS PROBLEM FOR THE COUNTRY OF MY RESIDENCE
"otal #ample $evant %ulf Arab Africa &emen 'ther
% % % % % %
Agree 84 83 83 88 88 83
Disagree 9 12 8 7 - 8

| don.t *no$ 7 ) 8 5 13 8




ARAB ENVIRONMENT: CLIMATE CHANGE

DO YOU THINK CLIMATE CHANGE WILL AFFECT ANY ONE OF THE FOLLOWING
SECTORS IN YOUR COUNTRY& (YOU MAY SELECT ANY NUMBER OF OPTIONS)

+UESTION %

"otal #ample  $evant  %ulf  Arab Africa &emen ‘ther
% % % % % %

Health 78 72 84 78 5' 83

Drin*ing $ater 72 '8 77 '8 81 58

Food '9 'l 72 7 81 83

Coastal areas 53 45 2 52 19 58

Forests 47 '2 35 42 44 50

Tourism 39 41 38 38 13 33

It $ill not affect any sector 0 - 0 - - -

No ans$er 1 1 0 - - -

IT IS OF A HIGH IMPORTANCE AND BENEFIT THAT MY COUNTRY TO PARTICI#

+UESTION (
PATE IN WORLDWIDE ACTION TO LIMIT CLIMATE CHANGE
"otal #ample $evant %ulf Arab Africa &emen ‘ther
% % % % % %
Agree 94 90 95 100 100 83
Disagree 3 4 3 - - 8
| don.t *no$ 3 ' 2 - - 8

+UESTION ) | WILL DO WHAT | CAN TO REDUCE MY CONTRIBUTION TO CLIMATE CHANGE
"otal #ample $evant %ulf Arab Africa &emen ‘ther
% % % % % %
Agree 93 92 92 98 100 92
Disagree 3 4 4 1 - 8
| don.t *no$ 4 4 5 1 - -

+UESTION * MY GOVERNMENT IS ACTING WELL TO ADDRESS CLIMATE CHANGE
"otal #ample $evant %ulf Arab Africa &emen 'ther
% % % % % %
Agree 30 22 37 32 31 33
Disagree 51 59 44 49 38 58

| don.t *no$% 19 20 18 19 31 8




IN YOUR OPINION, WHAT ARE THE MAIN 3 MEASURES TO MITIGATE CLIMATE CHANGE CAUSES AND
ADAPT TO IT&

"otal #ample $evant %ulf Arab Africa  &emen  'ther

% % % % % %
Reduce consumption (mainly energy) ‘4 '3 '5 '5 81 42
Educational and a$areness campaign 50 51 54 42 '3 42
Rectify and implement international
treaties and legislations 42 35 45 52 31 42
Environmental planning and monitoring
for mega#pro-ects 41 41 41 38 31 7
Forests development and protection 40 53 31 31 '3 33
Scientific research 30 22 33 41 31 33
Develop crops that need less $ater 15 17 12 19 - 8
Lo$#lying coastal areas protection 9 7 12 7 - 17
No ans$er 0 1 - - - -
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CHAPTER 2 GHG EMISSIONS: MITIGATION EFFORTS IN THE ARAB COUNTRIES

[: INTRODUCTION

tion or carbon capture and storage in deep geo-
logical formations. Policies and measures to

The ultimate objective of the United Nationseduce greenhouse gas emissions include
Framework Convention on Climate Changenproving energy efficiency to reduce energy
(UNFCCQC) is the stabilization of greenhoussmnsumption per unit of economic output,
gas concentrations in the atmosphere at a lewgiching to low or zero carbon fuels such as
that would prevent dangerous anthropogemsiwitching from oil to natural gas, and using

interference with the climate

systemenewable energy sources such as solar and

Accordingly, under Article 4.1(b) of thevind energy.

Convention, all Parties, including the Arab

countries, are required to undertake effortsThis chapter discusses the efforts undertaken
reduce greenhouse gases (GHG) emissionsbgnflrab countries to mitigate GHG emissions.

or enhance GHG sinks (UNFCCC, 1992).

It should be noted that such mitigation efforts
are not necessarily undertaken within national

As climate change is a global problem, it calimate change policies; rather, in most
for a global solution taking into consideratianstances they have been adopted to achieve
the principle agreed upon in the Rio declamertain economic, social, or environmental
tion in 1992, namely the principle of Oconebjectives. This chapter draws mainly on two
mon but differentiated responsibilities.O Thisurces of information, national communica-
implies that developed countries, which are hHisns of some Arab countries submitted as part
torically responsible for the largest part of tbetheir obligations within the UNFCCC and
accumulated GHGs in the atmosphere, shoutflormation available in the public domain. At
take the lead in reducing GHG emissions givaresent, 14 Arab countries have submitted their
their higher technological and financial capaitial national communications; none has sub-
bilities. Developing countries, including thmitted their second communications yet.
Arab countries, are requested to do their bediitial national communications are meant to
adopt development activities utilizing less enee-the major source of information on the steps
gy, less water, and fewer raw materials, anthken to mitigate climate change. So far, how-
produce less waste.

ever, they rarely include detailed assessments of
past and/or ongoing mitigation projects or

Mitigation refers to efforts to reduce greeaetivities; they focus instead on projects, activi-
house gas emissions and to capture greenhibeseor programs and measures that are envis-
gases through land use changes such as foezgtd- for the future. Among the 14 initial

FIRST NATIONAL COMMUNICATIONS OF THE
TAEILET ARAB COUNTRIES
First national Communication Countr*
2001 Algeria
2005 Bahrain
2003 Comoros
2002 D-ibouti
1999 Egypt
1997 Jordan
1999 Lebanon
2002 Mauritania
2001 Morocco
2005 Saudi Arabia
2003 Sudan
2001 Tunisia
2007 United Arab Emirates
2001 Yemen
Source: http://unfccc.int/national;reports/non-annex;i;natcom/items/2979.php

national communications investigated, only
Saudi ArabiaOs report does not contain a section
on mitigation. Most of the initial national
communications have become outdated as
some date back to as early as 1997 (Jordan),
while the most recent one is that of the UAE
(2007) (Table 1).

Apart from the initial national communica-
tions, documentations of Arab efforts to reduce
GHG emissions are very scarce. Thus, it is like-
ly that some of the ongoing or planned activi-
ties have been overlooked due to a lack of infor-
mation. On the other hand, whenever enough
data was available, various Arab experiences on
specific mitigation areas are highlighted.

The Council of Arab Ministers Responsible for
the Environment (CAMRE) at its fsession
in 2007 adopted the Arab Ministerial
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Declaration on Climate Change, which consiihe figure ranges from as low as 0.33 TOE in
tutes the basis for future action and reflects ¥emen to as high as 22.07 TOE in Qatar (IEA,
Arab position in dealing with climate chan@®08).
issues. The declaration stated that OMitigation
programs shall focus on: the production ahwtustry is the major energy consuming sector in
use of cleaner fuels, improving the efficiencytlad Arab countries, accounting for about 45% of
energy use in all sectors, diversifying endlgytotal consumption followed by the transport
sources in accordance with the prevailing esector (32%). The residential, commercial and
nomic and social conditions, expanding the wggicultures sectors make up the rest. This pat-
of cleaner production techniques and envirdefn of energy consumption determines the
mental friendly technologies, as well as expamdjor sources of the GHG emissions, and in
ing the use of economic incentives to encoorany instances identifies the policy priorities and
age more efficient products, along with speaalyasures needed to reduce such emissions.
endeavours to conclude negotiations in the
WTO to define lists of environmental goods ddeasures to mitigate GHG emissions
as to reduce or lift customs restrictions in
accordance, and the utilization of carbon traddeasures to mitigate GHG emissions include
ing and its marketsO (CAMRE, 2007)hose which reduce GHG emissions from differ-
Currently, CAMRE is leading efforts to devednt anthropogenic activities as well as those
op an Arab climate change action plan. which enhance carbon sinks. Major sources of
GHG emissions are the energy sector, industrial
sector, and the agriculture sector. In the energy
Il: THE ARAB ENERGY SECTOR sector, measures to mitigate GHG emissions
cover the supply and demand sides. Measures in
The energy sector in the Arab region has béam supply side include energy efficiency in
and will continue to play a critical role in thpower generation and oil refining, use of com-
regionOs socioeconomic development. Oil tBmed heat and power to produce electricity and
enues, estimated at $419 billion in 2006, hawater, fuel switching away from carbon fuels,
been the major source of income in most of thkectricity imports though regional electricity
Arab countries, especially in the Gulf regiometworks, reduction of losses in transmission and
According to the Arab Unified Economidistribution, and power generation using renew-
Report, the oil and gas sector makes up ababie energy resources such as wind and solar.
40% of the total Arab GDP. The same report
estimated that Arab countries hold nearly 58%@if the demand side, measures to improve ener-
the worldOs oil reserves, and nearly 30% ofgghefficiency in the major consuming sectors such
worldOs gas reserves. In 2006, the region accasrindustry, transport, and residential and com-
ed for nearly 32% of the worldOs oil productienercial sectors, include efficient lighting systems,
and 12.5% of the worldOs gas production (LASproving efficiency of cooling and refrigeration,
2007). The Arab countries rely heavily on oil asdmbustion efficiency improvements, recovery of
gas to meet domestic energy demand, they hao#fste heat, and many others.
account for nearly 97.5% of the total Arab ener-
gy consumption. The average per capita energgse measures include improving energy effi-
consumption level in the Arab countries (neadiency throughout the economy, diversifying
1.5 tonnes of oil equivalent, or TOE) lieaway from fossil fuels, and promoting the use of
between some developing countries suchreagewable energy alternatives. The national com-
China (1.3 TOE), India (0.5 TOE), and Braziimunication reports listed a set of planned proj-
(1.1 TOE), and some developed economies sacts in the energy supply sectors. These are relat-
as the US (7.2 TOE), Japan (4.3 TOE), ared primarily to more efficient production and a
Australia (5.8 TOE). There are remarkable disider adoption of renewable sources. Some of
parities in per capita energy consumptidie projects proposed were to evaluate the market
amongst different Arab countries dependipgtential of solar, photovoltaic and wind tech-
mainly on income levels, standard of livingplogies, to decentralize electrification by photo-
degree of urbanization and climatic conditiongltaic systems, and to adopt a combined cycle
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expansion of thermal electrical plants which uséghe underground rail system in Cairo, for
natural gas. Morocco, for example, reported prexample, has eased traffic congestion consider-
ects for increasing the number of hydropowasly in that city. Plans for light rail systems are
units, encouraging the use of solar water heatdsny being considered for Damascus, Amman,
wind electricity generation, and desalination Afexandria, Algeria, Morocco, Tunisia and
water using wind energy. Algeria reported a pijibai. The expectation is that if public transport
ect for reduction of gas flaring by 50 percent, asydstems improve, many people will opt to use
reduction of fugitive emissions from oil and gpsblic transport instead of private cars (ESCWA,
installations (refineries, pipelines). EgyptOs li08f1). At present, policies to develop and pro-
projects contained the first 140 MW integratedote public transport systems in the GCC are
solar thermal/natural gas power plant. still in their infancy stage.

Based on the submitted initial national commin Egypt, mitigating GHG emissions from the
nications from 14 Arab countries, the maimansport sector involves policies aiming to
measures reported are related to enhancemergrabve old vehicles from the streets, promoting
electrical energy efficiency in lighting, coolingfficient public transport, expansion of the
cooking and air conditioning, and implementamnderground Metro system, introducing alterna-
tion of demand-side management programmidge fuels such as CNG, and hybrid vehicles. A
Some other measures were reported to impraeent Global Environment Facility (GEF) sup-
fuel efficiency of vehicles and promotion of puperted sustainable transport program has been
lic transportation systems. These policies aniiated which aims at: integrating sustainable
measures are explained here in more detail. transport planning principles into urban plan-
ning, facilitating modal shift to less polluting
The Transport Sector forms of public transportation, promotion of
non-motorized transport facilities in middle size
In the transport sector, policies and measucétes, traffic management and traffic demand
envisioned by Arab countries are aimed at creatmanagement to discourage individual use of pri-
sustainable transport systems. These includevdite cars. Mitigation options for the transport
development of road transportation master plassctor outlined in the first national communica-
modern efficient traffic management systemstitm included the following:
reduce traffic idle time in cities, improvement of
transport infrastructure, imposition of tariffs of Improvement of vehicle maintenance and tun-
taxes on cars; and application of varied road tollfg up of vehicle engines;
discouragement of the use of private vehicles &nhdése of compressed natural gas as a vehicle fuel
a concomitant improvement of the public trans-in transport;
port systems, and improvement of vehicle mainfeRe-introduction of the electrified railways in
nance or replacement of old vehicles. intercity and intra-city transport;
& Intensifying the use of environmentally sound
Technological measures include introduction ofiver transport system;
less carbon alternative fuels such as LPG or c&iExtending metro lines to newly developed
pressed natural gas (CNG) vehicles, introductionities; and Encouraging private sector partici-
of vehicle emission standards, fuel economy stapation in financing and managing the new
dards, and switching from diesel to electric tracmetro lines (Abdel Gelil, 2008a).
tion on railways. Further, the effect of recent
development of the information and communA major step in the process of upgrading CairoOs
cation technologies (ICT) in the Arab region dmansport system has been the construction of an
reducing demand on transport and thus reducimgderground metro, the first of its kind in
GHG emissions has not been estimated. Africa and the Middle East. The nearly 63 km-
long underground metro network links the five
Increasing the use of public transport, a partigevernorates comprising the Cairo
larly promising option, has already been impMetropolitan region: Cairo, Giza, Qalyoubia,
mented or is under serious consideration in selelwan and the'8 of October. The network
eral of the regionOs major cities. The constructiomprises two lines: line (1) Helwan - El-Marg
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and line (2) Shubra - El-Kheima - Mouneel®@ne such investment is a metro system that can
Line (1), which was completed in 2000, hassenultaneously relieve urban congestion and
total length of 44 km, and it presently carriesduce GHG emissions. Currently, Dubai has
1.5 million passengers per day. This project atlemtified the need for an urban rail transit sys-
included the electrification of the existing diesein to supply additional transportation capacity
trains in parts of the route. The second liné@selieve growing traffic, and support the cityOs
length is 19 km, and it was completed in 200&ntinuing development. The first metro line in
The number of passengers using this line nowubai was inaugurated in September 2009. The
1.2 million passengers per day. Future pldhsbai Urban Rail Transit (Metro) will be the
include building a third line of about 33 km andfirst such system on the Arabian Peninsula.
a design capacity of 2.1 million passengers per
day from Cairo International Airport, east dh Jordan, in order to improve the fuel efficiency
Cairo, to Imbaba in the west. Construction aff vehicles, and to help take old inefficient cars off
this line is expected to take 13 years to be cdime-roads, the government encouraged taxi owners
pleted. Three additional lines are also entg-replace their old cars with modern ones by pro-
sioned for the year 2022 (Egyptian Tunnelingding tax and duties exemptions for new import-
Society B ETS, 2004). ed taxis. Additionally, the government is consider-
ing the introduction of double-deck buses in
As per the UAEOs first national communicati@reater Amman and other municipalities to
the amount of travel in cars and light duty trucksduce fuel consumption, achieve greater efficien-
continues to grow due to increasing populatiog, and reduce GHG emissions. Another mitiga-
and economic development. The overall effici¢ion strategy in the transport sector in Jordan was
cy of the passenger transportation system cathbemprovement of traffic management to ease
significantly improved through measures thiagffic congestion through, for instance, building
limit the growth in vehicle miles travellethridges and tunnels, and automating traffic lights.
through land-use and infrastructure investmentoreover, the Jordanian government has intro-
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duced tax exemptions on hybrid cars as an incemuntries. This has been a global trend since the
tive to promote their use. first world energy crises in 1973. In 2006, these
industries contributed 49.5% to the Arab GDP
These measures have had considerable effeqlisAf®, 2007). Due to the central importance of
reducing road congestion, minimizing idlinthese industries to the GDP, their low levels of
time, and, thus, reducing transport energy integnergy efficiency and the huge capacity of fossil
sity. Furthermore, the government recognizes tfased desalination plants in the GCC region,
need for a major upgrading of the road transptve energy and carbon intensities of the GCC
system. This was realized by establishing a Rmathtries are ranked very high by international
Maintenance Fund through public-private parstandards. For instance, in 2005, the energy
nerships and a system of road-user toltgensity of Bahrain (0.77 toe/ $1000) was
According to JordanOs initial national communiere than double the world average (0.32 toe/
cation, Othe rapid construction of the Shidiya $1/000) and about seven times the Japanese
line is critical to the future of the railway sectantensity (0.11 toe/ $1000).
The government is considering private financing
as part of a concession agreement for prival#G emissions from industry include those
operation and maintenance of rail services on tesulting from burning fossil fuels, indirect emis-
line.O Other planned priority investment projesti®ns resulting from the use of electricity, and
in the transportation sector include restructurimgnissions related to certain industrial processes
the public transport and development of a ligtgech as aluminium smelting, iron and steel,
rail system. The government envisions that a stement, and the food industry.
stantial part of this planned development will be
financed by domestic and foreign private sect®everal technologies have proved to be technical-
(Jordan, 1997). ly and economically viable worldwide to improve
industrial energy efficiency. These include indus-
In Yemen, the first national communicatiotrial process control, waste heat recovery,
reported that energy use in the transport seétoprovement of combustion efficiency, energy
could be reduced through a number of measuremagement systems, combined heat and power
including fuel efficiency improvement, traffiiCHP), high efficiency lighting, high efficiency
management, improvement of freight transpomyotors, and many others.
switching to less carbon fuels such as LPG, and
public education (Yemen, 2001). Several Arab countries have adopted successful
programmes for improving industrial energy effi-
The transport mitigation strategies in Sudaiency including building national capacities on
identified several priority areas for governmemtergy audits, energy accounting, and energy
policy: development of transportation infrastruefficient technologies.
ture (roads, telecommunications. etc.), encourage
public transport and improve traffic flow, applignergy efficiency is an important strategy that
speed limits standards and fuel economy stiaas been adopted and promoted throughout the
dards, and encourage importation of efficieBgyptian economy. Given the critical energy sit-

vehicles (Sudan, 2003). uation in Egypt, the high level of energy con-
sumption and the limited energy resources, it is
The Industrial Sector imperative to conserve energy in the major ener-

gy consuming sectors, including the industrial
The industrial sector is another major energgctor which is the second largest consumer of
consuming sector in most of the Arablectricity (36% of the total) (EEAA, 1999).
economies. Most Arab countries, especiafigustrial energy efficiency measures included
those which are highly endowed with hydrocanergy audits which showed an average potential
bon resources (oil and gas) are mainly depesaling of about 25% in Egypt mostly in the
ent on those resources to fuel their industrieglyptian Industries. Measures implemented
Energy intensive industries such as olil refininglude combustion efficiency improvement,
metal extraction, chemicals and petrochemicaéste heat recovery, power factor improvement
have been proliferating in the oil producirand use of efficient lighting systems.
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In the UAE, carbon emissions associated witiported fossil fuel in Lebanon accounts for
electricity consumption in the industrial sect®7% of the countryOs energy bill and totalled
accounted for about 57% of all energy-relatacbund $1.5 billion in 2004 (nearly 20% of the
greenhouse gas emissions in 1994. It is expeatedial expenditures of the Lebanese government
that industrial energy consumption could ke about 7.5% of GDP). Energy consumption in
reduced by 25 percent or more with good pdyebanon was responsible for approximately 15.3
back through a combination of energy-savimgllion tons of carbon dioxide emissions in
measures for industrial motors. These inclu2@02. The Lebanese transport sector is the major
proper motors sizing to meet demand and usergergy consumer which made up about 42 % of
high efficiency motors. Another key energy stotal energy consumption in 1999 (WRI, 1999).
ing strategy could be to install variable speed
drives (VSDs) on applications of variable loatts2002, Lebanon with support from UNDP/GEF
in addition to leaks reduction from compressethrted a project to reduce GHG emissions by
air systems and high pressure steam systempoving demand side energy efficiency through
(UAE, 2008). the creation of a multi-purpose Lebanese Centre
for Energy Conservation (LCECP). The Centre
The energy bill in the Jordanian econonwill simultaneously undertake activities to remove
reached about 800 billion Jordanian dinars larriers to improve energy efficiency and provide
2003 which accounts for nearly 13% of GDEnergy efficiency services to the public and private
and 45% of exports (NERC, 2008). This burdesectors. There will be a broad range of supporting
makes clear the urgent need to devise and imadivities including technical support, financial
ment an energy efficiency strategy. The proposeentives, information dissemination, awareness
strategy contains many policies and measurgxrdégrams, policy analysis and program design.
reduce energy consumption in the industridthievements of the LCECP as of now include
activities, efficient lighting systems, varialgerforming energy audits, undertaking training
speed drives, and efficient motors. and public education activities, and fund raising
for energy efficiency and renewable energy projects
Lebanon is not an energy producing country, afidCECP, 2008).
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Measures to reduce GHG emissions and imprgyeconsumption occurs in industrialized coun-
energy efficiency reported through the firstes, the remainder is consumed by the rest of
national communication include efficienthe world (Price et al., 2005). In general, two
motors, combustion efficiency improvements mfajor strategies have been used to improve ener-
boilers and furnaces, and improve efficiencygyf efficiency in the building sector and thus
the cement industry. As the cement industryreduce its GHG emissions. The first strategy is to
the single largest source of Lebanesee@@- improve building envelope energy performance.
sions and a major energy user, mitigation meHsis is widely known as green building, sustain-
ures reported included process modification aatgle building or energy efficient building con-
combustion efficiency improvements (Lebanarepts. The second strategy is to improve efficien-

1999). cy of energy consuming equipment used inside
the buildings such as home appliances, lighting
The Building Sector systems, air conditioning systems, computers and

other office equipments and the like.
Energy use in buildings accounts for nearly 40%
of global energy consumption and 36% of totia response to recent environmental, economic,
energy-related G@missions. Half of this enerimarket and regulatory drivers, green building
concepts and practices have become widely pro-
moted worldwide. The U.S. Green Building
MASDAR CITY Council has developed a Green Building Rating
A pioneering initiative in the "AE is the construction of the = System called the Leadership in Energy and
world<s first zero-carbon, zero-waste and car-free-city in Abu Environmental Design (LEED). Today, there are
Dhabi, named MASDAR city. The city is planned to host more than 50,000 LEED-accredited profession-
40,000 residents and receive another 50,000 daily com- als in the US. Furthermore, the World Green
muters. It is envisioned to be a free zone clean-tech cluster Building Council (GBC) is a union of national
home to around 1,500 visionary companies and research  councils. The current member nations of the
centres. The MASDAR Institute of Science and Technology is World GBC represent over 50 percent of global
the first comer to the city and will be home to 100 students construction activity, and touch more than
and faculty by fall 2009. Cars will be banned within the city= 15,000 companies and organizations worldwide
travel will be accomplished via public mass transit and per- (USGBC, 2008).
sonal rapid transit systems, with road and railways connecting
commuters to other locations outside the city. The city will be  The UAE is pioneering to apply the LEED certi-
walled, to keep out the hot desert wind. The lack of cars will ~ fication system in new buildings, and in 2005
allow for narrow, shaded streets that will also improve air cir- established the Emirates Green Building
culation and reduce demand for air conditioning. The city will  Council, meant to become a model for the Arab
be oriented northeast to minimize the amount of direct sun- region to follow (Emirates GBC, 2008). Bahrain
light on buildings< sides and windows. Solar panels and solar is also working towards achieving the same goal.
collectors on roofs and elsewhere will generate enough elec- Several other Arab countries have similarly been
tricity to meet most of the city<s electricity needs. Water will be developing energy building codes.
provided through a solar-powered desalination plant
Landscaping within the city and crops grown outside the city Many Arab countries have already established
will be irrigated with grey water and treated waste water pro- different kinds of building codes. As part of the
duced by the city. It is planned that MASDAR City will be com- national energy efficiency strategy of Jordan,
pleted and be fully functional by 2012 )The Economist, thermal insulation in residential and commercial
2008*. Recently, MASDAR City was elected to host the newly building in certain zoning areas should be
established International Renewable Energy Agency )IRENA*=enforced. In addition, the preparation of an
this is a milestone achievement for Abu Dhabi and marks the OEnergy Efficiency CodeO is a part of such a strat-
first time that an Arab city plays host to the head6uarters of an egy (Shahin, 2005).
international organization )MASDAR, 2009*
_ After many efforts to promote green architecture
Sources: The Economist )2008*. MASDAR Plan. . . . .
At http://www.economist.com/science/t6/displaystory.catory;id>12'73433 by several Egyptlan |nSt|tUt|0nS, Egypt developed
MASDAR )2009*, http://www.irenauae.com/en/home/index.aspx residential building energy efficiency codes in
2003, and the new codes will be initially imple-
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mented on a voluntary basis. If enforced, it w
estimated that these codes would save about .
of building energy consumption. According 1
Joe Huang (2003), there is little indication thi
previous efforts have succeeded in changing ¢
all design practices in Egypt towards improv
energy efficiency. Furthermore, the extent of f
codesO enforcement and impacts of their i
mentation on building energy efficiency have
been assessed yet.

In Lebanon, a thermal energy standard for bui

ing is under development with the support of tl

ADEME of France. In addition, the Lebanes

construction law provides economic incenti\]""r
for voluntary thermal insulation of buildingp.
However, due to a weak legislative and instif#
tional framework, subsidies of energy prices, §
the absence of a national strategy, many en
efficiency projects in Lebanon, especially fung
by donors from the EU, have failed to achig
tangible results (Mourtada, 2008).

e

In Syria, a code of practice of thermal insulati
for buildings is being developed. The aim is
provide information to consumers regarding t
advantages of building insulation in order
affect insulation purchase decisions. These g
lines would provide best practices of recof¥I
mended insulation levels for new and exist
buildings (*ein, 2005).

In Kuwait, where air-conditioning accounts fd
50% of building energy demand, a code of prac-
tice for energy conservation was developed tds#ta, and the others. These unsustainable
limits for the electrical consumption of air-condilesigns of residential and commercial buildings,
tioning systems for buildings. The code stipulatesides being big consumers of energy and water,
energy conservation measures and limits for dit massive contributors to GHG emissions.
ferent types of buildings.

The second GHG mitigation strategy in the
Achieving sustainable building designs in theilding sector mostly reported in the national
Arab countries is at its early stages of devetmpamunication reports includes efficient light-
ment, and only a very limited amount of scholang systems, certification and labelling of home
ly review to document such efforts has besppliances, and dissemination of improved stoves
undertaken. For the last few decades, urbanfaa-cooking in rural areas. Lebanon, Tunisia,
tion in the Arab region, especially in the GC@Jgeria, Syria, and Egypt have projects for certi-
has been characterized by forms of imporfeghtion of home appliances at different stages of
western architecture which are far from beingdevelopment.
harmony with the Arab social, geographical and
climatic conditions. High rise buildings withThe Egyptian government has successfully devel-
large areas of glass fa+ade, and huge demarupéar energy efficiency standards and energy
electricity for air conditioning can be seen in &bels for the three most market penetrated appli-
new urban centres such as Dubai, Abu Dhadmces in Egypt, namely room air conditioners,
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washing machines and refrigerators. Energy éfttn 70% of lamps sold are incandescent, while
ciency specifications for these selected appliamzesh more efficient (but also more expensive)
were developed and approved by the Egyptimmpact fluorescent lamps (CFLs) account for
Organization for Standardization and Qualiyist over 6% (GEF, 2008). According to the
Control (EOS). A ministerial decree of th@&/orldwatch Institute (WWI), the total number
Minister of Industry was issued in 2003 concemf- CFLs in use globally nearly doubled between
ing refrigerators, washing machines, freezers 201l and 2003 alone, growing from an estimated
room air-conditioning. It is mandatory for local.8 billion to 3.5 billion units (WWI, 2008).
manufacturers and importers of such equipmeBtgergy saving and the associated GHG reduc-
to meet these specifications, as well as to apiphs are correlated to the amount of fuel saved
the Energy Efficiency Label (CLASP, 2008). due to the reduction in electrical energy demand
resulting from using low wattage lamps. The eco-
Tunisia has recently implemented a standamdsnics of using such efficient lamps depend
and labelling programme for household appfhitainly on the structure of electricity generation
ances and other energy-driven equipment. Timvery country, fuel used, and cost of fuels. One
programme, which was supported by the GBFthe major barriers to the use of these highly
and executed by IOAgence Nationale poueffient lamps in most Arab countries, as has
Maitrise de IOEnergie (ANME), led to thHmeen the case worldwide, is their high initial cost.
issuance of energy labelling and minimum en@nre way to overcome that is the exemptions of
gy efficiency standards for refrigerators in 20€@#ese lamps from customs duties, especially
As a result, it is forecasted that by 2030 this pirmportant given that these types of lamps are
gramme will have saved 3.4 Mt of,@@issions rarely manufactured locally in the Arab coun-
(LIHIDHEB, 2007). tries. Another way is to develop innovative
financing schemes through which end users will
The development of energy efficiency standabpégaying the initial cost from the cost of electric-
for home appliances is part of the Nation#y savings.
Energy Efficiency Program of the Ministry of
Energy and Mines in Algeria. The energy effihough CFLs offer enormous economic and
ciency law no0.99-09 of 1999 and its executigavironmental benefits, only few Arab countries
regulations outlines the general rules concerrtiage strategies or national plans to disseminate
the energy efficiency of home appliances opetfam. In most cases, these efficient lamps are
ing on electricity, gas and petroleum produckeing distributed at the commercial level through
The law also stipulates that the energy perfometailers, or agencies of foreign manufacturers
ance requirements of those appliances have twibleout any local government support.
set by the government (CLASP, 2008). According to China Association of Lighting
Industry, the volume of CFLs imports by the
After the discovery of oil in Sudan, it has beBAE in 2006 amounted to 65.9 million lamps
promoting a policy of switching from biomass {€hina Association of Lighting Industry, 2008).
liquefied petroleum gas (LPG) for cooking.
Sudan highlighted the impacts on Sudanese [8ome projects funded by multilateral or bilateral
mass stocks that sequester carbon of shifting fdmmors have been promoting CFL lamps in some
burning biomass to LPG for cooking in rural andrab countries; examples include Lebanon and
urban households. The Khartoum Refinery haggypt. In 2008, the United Nations Development
capability of producing 500 tons/day of LP@rogramme (UNDP), in cooperation with the
Recently, the government has implementedVvianistry of Energy # Water and the Lebanese
number of policies to encourage the increased@esetre for Energy Conservation (LCEC),
of LPG in the household sector: the price wlasnched a National Campaign for CFLs. This
halved and the fees and customs on LPG stmagspaign aims to raise public awareness about the
were decreased substantially. benefits of CFLs. LCEC has implemented various
pilot projects replacing conventional light bulbs
Lighting consumes 19% of the global electriciigth CFLs in different Lebanese villages. As a
production, and is associated with an annual te8ult, local savings of around 13% on the total
billion tons of CQ emissions. Globally moreelectricity bill were achieved.
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Lighting accounts for nearly 23% of the tot®datural gas represents the second largest pri-
electricity consumption in Egypt, half of which imary energy resource used in the Arab countries
consumed in the residential and commercial sscnearly 23% of the final energy consumption
tors. The GEF/UNDP supported OEnergy 2006. Twelve Arab countries are currently
Efficiency Improvement # Greenhouse Gassing natural gas, in some form, in power gen-
Reduction ProjectO has undertaken some iniieation, industry, the residential and commer-
tives to promote CFLs. These include a studycial sectors, and the transport sector. Arab gas
reduce the custom duties on CFLs from 30% rieserves represent nearly 30% of global reserves.
5% in order to help cut their initial cost, impleTotal gas production in the Arab countries
ment a lease program of CFLs by the state-owaedounts for about 12.5% of the global gas pro-
electricity distribution companies, and encouradygction (LAS, 2007). Two regional gas projects
local manufacturing of CFLs. There is no avalre underway aiming to increase natural gas uti-
able information on governmentOs incentilieation in the Arab region. The first project,
used to encourage local manufacturers; howavamed the Arab gas pipeline, aims to connect
six local manufacturing plants were establishibé. Egyptian gas network to Jordan, Syria, and
These activities, together with public educatidmen to Turkey with a total length of 1200 km.
and marketing campaigns have led to increaseTihe second regional project named ODolphinO
market size of CFL in Egypt to 4.4 million irwill transport Qatari gas to the UAE with a total
2007. It was estimated that the accumulatkshgth of 370 km. Some other regional gas proj-
CO, reduction due to those activities up tikkcts are planned such as a project between
2007 was nearly 2.3 million tons (GEF/UNDPNorth African Arab countries, and between
2008). them and Europe.

In Tunisia, several projects to disseminate abloupower generation, the switch from petroleum
10 million CFLs during the period 2007-201products to natural gas was the most commonly
are planned under the Clean Developmergported activity. For example, the use of natural
Mechanism (CDM) of the Kyoto Protocol.gas was increased considerably in a number of
These projects are still under developmeotuntries. In Tunisia, most of the thermally gen-
According to the ANME, nearly one million tonsrated energy supply comes from natural gas.
of CO, reduction is projected up to 2012This has avoided 900,000 t £&missions per

(ANME, 2008). annum, relative to a scenario in which oil-based
products were used instead. Natural gas is also
Fuel s$itching playing a key role in EgyptOs energy policy. Given

its economic and environmental advantages, nat-
Worldwide, natural gas contributed about 174ral gas will improve the overall energy efficiency
of the total fuels for electricity generation @nd environmental quality of Egypt. Switching
2007. It is projected that natural gas will play &om oil to gas was identified as a priority meas-
important role in the transition to low-carbomre in the National Action Plan on Climate
energy in the near future. This is because it p@itange that was prepared by the Egyptian
duces less carbon dioxide per unit of energy tEawvironmental Affairs Agency in 1999. The
oil and coal do. Statistics show that the worlé®ergy policy of Egypt has been developed to
consumption of natural gas has been expandingmote the substitution of natural gas in various
during the last decade. The same trend was seetors. Strategies include: (i) developing gas
in the Arab region. Switching to natural gas hafrastructure to expand gas markets and develop
been a crucial response to many factors includinghestic gas demand P the market share of nat-
mitigation of air pollution and GHG emissionsural gas in the total hydrocarbon consumption
The critical role natural gas is playing andhas increased to about 45%; (ii) the substitution
expected to play in the global energy market wafieavy fuel oil with natural gas in electricity
emphasized with the recent establishment of gemeration has made considerable reductions in
OGas Exporting Countries Forum (GECF)Oain pollution; (iii) promotion of Compressed
2008, which is hosted in Doha, Qatar. Leadidatural Gas (CNG) as a transport fuel is also
Arab gas producers, namely Algeria, Egypt, UARJerway; and (iv) encouraging private sector
Qatar, and Libya, have joined the forum. investments in the gas industry. A number of pri-
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vate firms have been formed to participate in thedan, Algeria, Morocco, Tunisia, and
construction of gas pipelines, building CN®auritania. Solar and wind generation of elec-
fuelling stations and converting vehicles to ugeity amounts to 257 MW and remains limited
CNG. to Tunisia, Egypt, Jordan, Morocco, and
Palestine (OAPEC, 2008).
The Egyptian program to use CNG as a trans-
portation fuel has proved to be successful; Hryypt ranked first in hydropower and wind ener-
2008, there were 6 operating CNG companigg, generation in the Arab countries with a total
116 CNG fuelling stations, and about 100,00@stalled capacity of 2,842 MW and 305 MW
CNG vehicles were in use (EGAS, 2008). respectively in 2007/2008 (EEHC, 2008). Wind
power is planned to be increased to 965 MW by
A primary key to the CNG industry success 2012. In 2007, the Egyptian Supreme Energy
Egypt is a package of incentives offered by @wuncil adopted an ambitious plan aiming to
government, including 5-year tax holidays fmcrease the contribution of renewable to the
CNG companies, low-cost conversion chardgetal electricity generated to reach 20% by 2020;
for car owners, and the attractive price differdr2% of this target will be met by wind.
tial between CNG and gasoline (Abdel Gelil,
2008). Assessments of wind resources indicate that some
locations in the Arab countries have wind condi-
Additionally, more than 90% of the thermal eletions that are more than adequate for electricity
tricity generated in Egypt is based on natural ggemeration. Small and conventional applications
Furthermore, a plan is being implemented & wind energy exist in Jordan and Tunisia. Only
expand the use of natural gas in the residertEigypt and Morocco have moved to commercial
sector, and about 2 million homes have alreadwle wind energy. In Morocco, installed wind
been connected. capacity reached 54 MW in 2005 representing
nearly 1% of the total installed capacity. Another
In Bahrain, all of the power plants are curren®00 MW of wind farms are currently under con-
running on natural gas. In Morocco, a 385 MVgtruction.
combined cycle power plant was commissioned in
2004. A similar one with a capacity of 360 MWDue to their geographic location, the Arab coun-
was started in Algeria in 2005. Jordan has srrédls are blessed with an abundance of solar ener-
reserves of natural gas used to fuel a small pgwepyotential. Solar energy generation using pho-
plant to meet only about 4% of the country@woltaic (PV) technology is used in several
needs. Within the Arab Gas Pipeline projedtand-alone applications especially for water
Egypt will supply gas to power plants and langemping, telecommunications and lighting for
industrial users in Jordan for 18 years. In the UAEmMote sites. The largest PV program exists in
an initiative to develop an action plan to introduddorocco, where 160,000 solar home systems in
natural gas as a transport fuel is plannedhout 8% of rural households are installed with a
According to the Environment Agency of Abtotal capacity of 16 MW. Photovoltaic pumping
Dhabi (EAD), 20 percent of government-ownegpplications are relatively developed in Tunisia
vehicles and taxis in the emirate will be conventgith a total existing peak capacity of 255 MW
to run on CNG by 2012 (AFED, 2008). (Abdel Gelil, 2008b).

Rene$able Energy Solar water heaters are achieving different degrees
of market penetration, and are currently most
The Arab countries have a great potential Brccessful in the residential and commercial sec-
renewable energy, including solar and wind,tas of Palestine, Jordan, Egypt, Morocco, and
well as hydro and geothermal in specific lotabanon. Table 2 shows that Palestine has the
tions, which are still underutilized. The share lafgest area of solar water heaters in the region.
renewable energy in the total installed generafldris is due to the current security situation and
capacity of the Arab countries remains relativitlg unreliable electricity supply from Israel to the
low, standing at around 7% in 2007, mostl@ccupied Palestinian Territories. It should be
from hydropower in Egypt, Syria, Irag, Lebanonoted from the same table that solar water heaters
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are mostly used in Arab countries with relativ@llye UAE has chosen a different path to promote
few or no hydrocarbon resources. CSP, focusing on promoting R#D through the
Masdar Initiative. The UAE has 100 MW of
Several Concentrated Solar Power (CSP) proj€&® open for tenders planned to be expanded to
were announced but not completed in North00 MW.
African countries, namely Egypt, Morocco and
Algeria. With escalating concerns of climaWeasures to reduce GHG from Non#
change, cost reductions and efficiency improesergy sectors
ments of this technology, and the introduction of
independent power producers (IPPs), CSP Wittme other non-energy sectors and economic
play an important role in the electricity generaetivities are contributing to the global anthro-
tion mix in those countries in the near future. pogenic emissions of GHGs. Examples are agri-
culture activities and solid waste management
A recent plan announced in Algeria in 20Qtactices.
included the building of four gas-CSP plants
with total capacity of 1700 MW of which 250The Agriculture Sector
MW will be solar. The four power plants will be
gradually commissioned through 2015. Although CQ emissions from fossil fuels are the
major cause of global climate change, about one-
Egypt submitted an official request to the GEFtlard of the total human-induced warming effect
support financing the first solar thermal poweomes from agriculture and land-use change. This
plant. Work is underway to implement the firgs mainly because agricultural activities are the
Egyptian hybrid solar thermal power plant ofiajor source of methane and nitrous oxides which
140 MW capacity of which 20 MW will be solaoth have much higher global warming potential
while the rest will be gas combined cycle. T(@&@WP) than CQ. Agricultural lands occupy 37%
plant is planned to be operational in 2010.  of the EarthOs land surface and account for 52%
and 84% of global methane and nitrous oxide
A similar project is under construction iemissions, respectively (Smith, 2007). On the
Morocco to build a similar hybrid gas combinesther hand, the agricultural sector can be part of
cycle 472 MW solar thermal power plant withthe mitigation strategies by reducing its own emis-
solar component capacity of 30 MW. The progions, offsetting emissions from other sectors by
ect was initiated in 1994 following a feasibilitemoving CQ from the atmosphere (via photo-
study of solar thermal power generation. Aggnthesis) and storing the carbon in soils. These
Beni Mathar in Eastern Morocco was finalfyrocesses are major parts of the global carbon and
selected to site the power plant. nitrogen cycles. Through the adoption of agricul-
tural best management practices, emissions of
Jerusalem District Electricity Companygitrous oxide from agricultural soils, methane
(JDECO) has signed an agreement with &om livestock production and manure, and, CO
American Company (Nanovo) to establishfram on-farm energy use can be reduced.
concentrated solar power plant in Jericho,
Palestine. The first phase of the project
have a 3 MW capacity and will cost up to $

TABLE 2 MARKET SI/E OF SOLAR WATER HEATERS IN
SELECTED ARAB COUNTRIES

million, financed by the American company.
The next phase will expand the plant to a 100 Countr* Current mar+et sfe (m
MW capacity with a total cost of up to $300 Morocco (annual) 130,000
million (PERC, 2009). Algeria -

Tunisia 57,000
In 2002, Jordan announced plans to build a 130 Egypt 500,000
MW solar hybrid power plant. The project Palestine 1,630,000
aimed at the development of 100-150 MW solar Jordan 825,000
hybrid power plant assisted with fuel oil or natu- Lebanon 177,993
ral gas at Quwairah south of Jordan on a Build Syria 200,000
own Operate (BOO) basis. )Source: SOLATERM Project Partners*
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Measures reported in the national communidaeneration of solid waste in the Arab region has
tions of some Arab countries under agricultuseen growing for the past few decades. This is
included: introduction of new varieties of ricattributed to population growth, urbanization,
and management of paddies to reducg Cldconomic growth and rising standards of living
emissions, rational use of fertilizers to reducenany countries. However, to different degrees,
N-O emissions, increase of soil water absorptimost of the Arab countries still lack integrated
and reduction of burning agricultural residuesystems for solid waste management. Per capita
Measures in the livestock-related operatigyeneration of solid waste is normally correlated
included changing of cattle fodders to reduséh income, and it reaches high levels in higher
CHy4 emissions from enteric fermentationincome countries of the GCC. Organic waste still
manure management and management of likgpresents more than 50% of the composition of
stock population. solid waste in many Arab countries. This is a
large potential source of methane emissions
The initial national communication of Egypthich has been underestimated.
is nearly the only available report that describes
in detail the different options available t©pen dumping is the most common method of
Egypt to reduce Cjemissions from rice padwaste disposal throughout the Arab region.
dies. These options include: rice cultivation Miinicipalities usually dump solid wastes in low-
short duration varieties, water managemelging land, or abandoned quarries rather than at
fertilizer management, and control of soil temesignated dump sites, usually named landfills.
perature. The same report recommends sdmeddition to being poorly managed, these sites
actions to reduce GHemissions from live- generally lack most of the engineering and sani-
stock by altering fermentation patterns, if&ry measures for leachate collection and treat-
altering the composition of fodders. Some roent, and methane capture. In many instances
these options are already being implementedpontaneous fires break out on these sites causing
Egypt such as cultivation of short duraticsevere air quality problems. Two demonstration
varieties, water and fertilizer management wptiojects for capture of landfill gases in Amman
the aims of water management and reductenmd Kuwait were implemented though no docu-
of use of agrochemicals. mentations of the results are available.

Additionally, only Mauritania reported projectBicineration and waste-to-energy technologies
concerning improved water and fertilizer maare capital intensive and only used in some cases
agement, and improved efficiency of use of nitad-treating hazardous wastes such as in Bahrain

gen fertilizers. and Egypt, both without energy recovery.
Biological systems are either aerobic or anaerobic,
Waste Management but aerobic processes are most common in the

Arab cities to produce compost. There are many
Waste management practices produce gremmposting facilities in Egypt, Syria, Lebanon,
house gas emissions in a number of ways. Flighisia, Saudi Arabia, Qatar, as well as in other
the anaerobic decomposition of waste in landiflsab countries.
produces methane. Second, open burning or
incineration of waste produces combustion gdseshe Arab national communication reports,
including carbon dioxide. In addition, combusneasures reported to mitigate GHG emissions in
tion of fuels used in transportation of waste tiois sector represented a wish list of different
disposal sites is another source of GHG ensisund solid and liquid waste management prac-
sions. Sound waste management practices sutibess These included diversion of organic materi-
waste prevention, minimization and recyclingls from landfills to produce compost, recovery of
better reduce GHG emissions from the waste seethane from landfills to generate electricity,
tor. These include reduction of methane emanad strengthening the legislative and institution-
sions from landfills though diverting organial framework for better management of solid
wastes from landfills to composting or other biazaste. In addition, measures frequently reported
logical treatment facilities, and reducing emigeluded education, training and public aware-
sions from incinerators. ness on waste issues. Some of these activities are



ARAB ENVIRONMENT: CLIMATE CHANGE

underway, but mostly they are in the early stagekural drainage water and will absorb about
of development in many countries. 100,000 tons of ngannually, helping to off-

set the carbon emissions from vehicles, industry

and power plants. The project is currently under
" MEASURE OF CARBON SE;UESTRA#  development. In addition, Japan Bank for
TION AND STORAGE International Cooperation (JBIC) conducted a

preliminary study on the Egyptian Biofuel
Mitigation of GHG means implementing polidndustry Development in June, 2007. Jatropha
cies and measures to reduce anthropogenic Gid§ cultivation was started in 2003 as a part of
emissions from sources such as power plabgyptOs afforestation program. The Egyptian
industrial facilities and the transport sector, Ze&tropha yield turned out to be the highest pro-
well as to enhance natural GHG sinks suchdagtion level compared to the Asian and African
forests, land use change and carbon captureraodirrigated cultivation. Although the primary
storage (CCS). This section discusses enhapemoses of the Egyptian Jatropha model are
ments of carbon sinks through afforestations andi-desertification and beneficial use of treated

CO, capture # storage. wastewater, the high production results caught
the attention of private biofuel producers. Under
Land use change: Afforestation that study, JBIC proposed an integrated strategic

plan to realize the new biofuel industry with a
There is a widespread recognition of the pot&Public Private PartnershipO (JDI, 2007).
tial of forests and land-use changes for offsetting
emissions of GHGs. Measures proposed Another remarkable afforestation experience is in
national communications included promotinthe UAE. According to the Environmental Agency
programmes of conservation, regeneration, refakbu Dhabi, OOver the last few decades, over 120
estation, and afforestation. million trees have been planted, as well as 25 mil-
lion date palms. Over 92,000 hectares have been
In Sudan, two main groups of mitigation optiondanted with forest trees. These are now helping to
were considered for increasing carbon sequestreerse the process of desertification and to stabi
tion and storage. The first group represetitze the sand dunes that once moved inexorably
afforestation and rehabilitation options. Theseross the land. They also provide attractive new
options refer to the afforestation and rehabilitaabitats for wildlife, with many species of animals
tion of wastelands, together with afforestationasfd birds increasing rapidly in numbers as they
10% of the rain fed land and 5% of the irrigatezblonise the new areas of vegetationO
agricultural land. The second group represefiEsvironmental Agency Abu Dhabi, 2006).
management options, which involve a natural
resource management approach based on Ghebon Capture and Storage (CCS)
conservation and rehabilitation of degraded
forests and rangelands. Reforestation and K®, capture # storage (CCS) is a process com-
mass conservation projects are also key elenmeisesd of three steps. The first is,@@pture
in DjiboutiOs proposed programme of actidrom CO, point sources such as power plants,
Tunisia reported on a concerted approach wittdustrial facilities, and natural gas wells with high
neighbouring countries, and with the intern&0O, content emissions. The second step is trans-
tional community for the implementation of gortation via pipelines to the storage site; and the
program aimed at combating desertificatiothird step is geological storage in deep geological
Similar projects were also reported formations including saline formations, depleted
Mauritania, Djibouti, and Morocco. oil/gas fields, coal seams, and enhanced oil or gas
recovery sites. In the combustion processgs, CO
A promising CDM afforestation project is curcan be captured either in pre-combustion mode
rently being proposed by the Egyptiaby treatment of fossil fuels or in post-combustion
Environmental Affairs Agency. The Greaterode by treatment of the flue gases. Due to
Cairo Ring Road Afforestation project will helpconomies of scale, large point sources of CO
improve the air quality of Cairo. The forest thamissions have the highest potential of &ap-
will be planted will be irrigated by treated agtitsre. These include large industries such as oil and
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gas, cement and steel and electric power plaatsopportunity to collect baseline and monitor-
CO, has been injected and stored in oilfields aisi@ data that is not associated with enhanced oil
means to enhance oil recovery since the lateovery. The project is aimed to ensure that
1970s. Currently, the estimated global geologisature geological storage of, €én be cost-
storage potential in depleted oil/gas fields equfectively verified, to demonstrate to stakehold-
900 Gt of CG (IEA, 2006). The IPCC Specialers that industrial-scale geological storage,of CO
Report on Carbon Dioxide Capture and Storagea viable GHG mitigation option, and to set
recently stated that: OCCS has the potentiaptecedents for the regulation and verification of
reduce overall mitigation costs and increase flthé geological storage of £@llowing eligibili-
bility in achieving greenhouse gas emission redydor GHG credits in the international carbon
tions.O (IPCC, 2005). market. It is worth mentioning here that CCS
projects are not yet eligible under the current
The first major location where €®as stored in modalities of the Clean Development
geological formations as a climate change mitigachanism (CDM) of the Kyoto Protocol.
tion option was under the North Sea. In 1996,
StatOil, an oil company, started removing, CO'he Algerian project involves separating CO
from the natural gas and injecting it into a masem natural gas at the In Salah gas facility. The
sive saline aquifer located 800D1000 metef3,is being re-injected into a sandstone reservoir
under the North Sea (IEA, 2006). for permanent storage. In this Gas project, the
natural gas has a high level of, @@ich is cap-
Algeria hosts one of the worldOs three largestl. The CQ free gas is processed for distribu-
demonstration sites of CCS which is the BPOgdm as sales gas. About 1 million tons per year of
Salah project, where €@ captured and storedCO, is compressed before it enters the, CO
in a gas field. This demonstration project offgipelines. These pipelines transport thg ©O
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reservoirs which are up to 20 km away. Finally
CO, is injected into the reservoirs at depths of
to 2 km below the surface (KBR, 2006).

According to the IEA, this project has been st
ing about 1.2 million ton of COannually since
2004 with a cost of $6/ ton GQIEA, 2006).

It is worth noting that the Arab region, especii
ly in the GCC and other hydrocarbon producing
countries, has a great potential of CCS technc

gy by using depleted oil and gas wells for car
storage.

V" CONCLUSIONS

This review indicates that most of the Arab co
tries are implementing wide varieties of clims
friendly policies and measures. These incl
policies and measures both to reduce ant
pogenic GHG emissions as well as those
enhance carbon sinks. Though most of th¢
policies and measures are being adopted
response to some economic, social, or envi
mental considerations, they would result in a g
nificant reduction of GHG emissions. Some 0
these activities are well recognized worldwide
such as commercializing wind energy in Egypt,RECOMMENDATIONS
wide use of solar heating in Palestine, Tunisia
and Morocco, use of CNG as a transport fuelBased on the above analysis, Arab countries need
Egypt, the first CSP projects in Egypt, Morocctm enhance the flow and availability of informa-
and Algeria, the first green building council tion on their efforts addressing climate change.
Dubai, the massive forestation program in tfilis would result in improving policy develop-
UAE, the first zero-carbon city in Abu Dhabiment and enhance public awareness. Many
and the pioneering CCS project in Algeria. pstential areas of Arab-Arab cooperation could
stated earlier, these initiatives are fragmentedea&lentified. These include development of the
there is little evidence that they have been implader utilized renewable energy resources, use of
mented within an integrated policy frameworkCNG as a transport fuel to improve urban air
quality while reducing GHG emissions, and tap-
In meeting their obligations to the UNFCCCping on the huge potential of carbon sequestra-
14 Arab countries have submitted their initiatbn and storage in the oil producing countries
national communications. None has completedpecially in the GCC. It is recommended that
the second one. The initial national communirab countries commit themselves to adopt
cation of Saudi Arabia, the worldOs largesinailonal energy efficiency and renewable energy
exporter, for unknown reasons, did not contaiargets. Most of the Arab countries, especially in
mention of any GHG mitigation efforts. In genthe GCC, need to adopt policies of sustainable
eral, more efforts are needed to enhance tthasport. These might include building modern
reporting quality of the national communicgublic transport systems to improve energy effi-
tion reports as they are important vehicles diency and abate vehicles emissions. The concept
showcase the Arab regionOs contributions tafi@green building® should also be promoted and
international efforts to address the climafigture urban expansions should achieve the high-
change challenge. est levels of resources efficiency.
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CHAPTER 3 A REMOTE SENSING STUDY OF IMPACTS OF GLOBAL WARMING ON THE ARAB REGION

FIGURE " SIMULATION OF SEA LEVEL RISE SCENARIOS AT DIFFERENT LEVELS
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I" INTRODUCTION ditions will die. Sea levels are also rising and will
continue to do so, forcing millions of people in

Global warming is one of the most serious chedastal zones to migrate inland.

lenges facing us today. Under the projected cli-

mate changes, many parts of the planet Willis study uses remote sensing techniques to
become warmer. Droughts, floods and othéepict the consequences on the Arab world of var-
forms of extreme weather will become more fi@is climate change impact scenarios, ranging
quent, threatening food supplies, econonfiom conservative to extreme. It neither attempts
assets, and human lives. Plants and aninmlendorse a specific level of impact, a matter dis-
which cannot adapt to the changed weather conssed in other chapters of the report, nor attempts
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to be inclusive of all impacts of climate chan§eR, whatever the exact SLR will be.
which can be traced using remote sensing.

In light of the uncertainty surrounding the exadt IMPACT OF SEA LEVEL RISE ON THE
dynamics of climate change and scientific projaRAB COUNTRIES

tions, this study takes into account the range

from 1 m to 5 m SLR, without ascribing particthe past century has witnessed a 17 cm rise in
ular likelihoods to any particular value withithe sea level (IPCC, 2001) at a mean rate of 1.75
that range; as such, the study seeks more toiiimz per year (Miller and Douglas, 2004). The
minate the potential disastrous ramifications IFICCOs Fourth Assessment Report published in
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FIGURE 2 SEA LEVEL RISE SCENARIO AT 1 METER
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2007 predicted sea-level rise of up to 59 cmthg pace of climate change exceeds predictions, as
2100, excluding effects of potential dynaméenissions since 2000 have outpaced the estimates
changes in ice flow (IPCC, 2007). Taking intosed in IPCC 2007 report.

account the full OlikelyO range of predicted

increases in temperature, SLR could evenVWihout any doubt, SLR is a global threat. With
amplified to up to 1.4 m by the year 2100arying predictions on the extent of SLR, based
(Rahmstorf, 2007). Other researchers have me-different variables which cannot all be fore-
dicted between 5-6 meters SLR in the eventsekn, there is a near consensus on the need to
the West Antarctic Ice Sheet collapse (Tol et apply precautionary principles to global warm-
2006). As an indication of recent upward revig. This explains why studies of impact, mainly
sion of projected climate change scenarittgyse carried out by the World Bank, consider
Christopher Field, an American member of tI8.R scenarios between 1-5 meters. The threat
IPCC and founding director of the Carnegiemerges from the fact that a large percentage of
InstitutionOs Department of Global Ecology tae earthOs population inhabits vulnerable coastal
Stanford University, said at the annual meetingnes. About 400 million people live within 20

of the American Association for th&m of a coast, worldwide (Gornitz, V., 2000).
Advancement of Science in February 2009 thdorryingly, if the sea level rises by only 1 m, it
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FIGURE $ SEA LEVEL RISE SCENARIO AT 3 METERS
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would affect more than 100 million individualtnformation System (GIS) and the Shuttle Radar
(Douglas and Peltier, 2002). OThe melting Bopography Mission (SRTM) data. These data,
collapse of ice sheets would eventually threatdich are widely used in many scientific investi-
land which today is home to 1 in every 20 pegations, are considered to comprise the best
pleO (Stern, 2006). Digital Elevation Model (DEM) on a global scale
with consistency and overall accuracy (Suna et
The coastal zone of the Arab world is no excap; 2003; Ghoneim and EI-Baz, 2007, Ghoneim
tion to the threat of SLR. Similar to many paret al., 2007). Figures 1 to 5 show results of this
of the world, capital cities and major towns simulation.
Arab countries lie along the coast or on estuaries.
Their expansions are extremely rapid and, théseder the 1 m SLR scenario, the simulation
fore, these metropolises are at great risk of SkfR/eals that approximately 41,500 &hthe ter-
ritory of the Arab countries would be directly
To view more closely the effect of SLR on thmepacted by the rise of the sea level. Projected
Arabian coastline and highlight those countriesreases in sea levels will displace a quickly
with high potential risk of SLR, a simulation fagrowing population into more concentrated
SLR has been conducted using the Geographacaas. At least 37 million people (<11%) will be
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FIGURE ( POPULATION AT RISK AT EXTREME 5 METERS SEA LEVEL RISE
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directly affected by SLR of 1 meter. In the casdegfypt will be by far the most impacted country
2, 3 and 4 m SLR scenarios, around 60,0Q,the Arab world; at least 12 million Egyptians
80,700 and 100,800 Knrespectively, of the will be displaced with the 5 m SLR scenario. In
Arab coastal region will be seriously impactedfadct, approximately one third of the Arab pop-
the extreme case of 5 m SLR, such impact willitegtion impacted will be from Egypt alone. At
at its highest, as it is estimated that up to 113,Gb@ nation level, the United Arab Emirates
km2 (0.8%) of the coastal territory would bUAE), Qatar and Bahrain will witness the
inundated by sea water (Figure 1-5). highest SLR effect in terms of the percentage of

population at risk from the total country pop-
Potential impacts of SLR, however, are ndation. Here, we project that more than 50%
uniformly distributed across the Arab regioaf the population of each country will be
From Figure 6a it is obvious that the SLiRpacted by 5m SLR (Figure 6b). The current
impact will be particularly severe in some coamalysis indicates that Bahrain and Qatar
tries such as Egypt, Saudi Arabia, Algeria amild experience a significant reduction of
Morocco, whereas it will have a lesser impalobut 13.4 % and 6.9%, respectively, of their
on others such as Sudan, Syria, and Jordand as a result of the 5 m SLR scenario.
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BASED ON SATELLITE IMAGE CLASSIFICATION AND CHANGE DETECTION
ANALYSIS, IT IS ESTIMATED THAT IN ONE OF THE STUDY SITES IN THE UAE,
URBAN GROWTH HAS EXPANDED ALMOST THREE TIMES IN AREA (FROM 78"54
KM2 TO 226"11 KM 2) DURING THE LAST 20 YEARS (1984 TO 2003)" GREEN LANDS
OF THE SAME STUDY SITE HAVE ALSO DOUBLED IN THEIR SURFACE AREA (FROM
26"62 KM 2 TO 47"57 KM 2) DURING THE SAME PERIOD"

FIGURE )
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1" COASTAL URBANI/ATION expansion independent from climate change, and

therefore suggest places that will need to better
There are factors B both human and naturainBorporate climate risks into planning processes.
that might contribute and intensify the impact @dased on satellite image classification and change
the SLR. For example, for most parts of the Addtection analysis of the present study (Figure 7),
world, rapid and uncontrolled urbanization i$is estimated, for example, that in Dubai, urban
occurring at a large scale along the vulneraptawth (including green areas) has almost tripled
coastal areas. Continuation of such urbanizatitnsurface area in less than 20 years (between
patterns will draw still greater populations intit®84 and 2003). With the addition of the new
these low-lying hazardous zones and, consbanized area of the Dubai Palm Islands project,
quently, SLR would most likely have a profourtide percentage of people and infrastructure likely
impact on the people and on infrastructure devia-be affected by coastal inundation or flooding
opment in the coastal areas of the region.  will be immense.

Monitoring historical changes in urbanizatiolm order to estimate the total extent of the areas
can be used to identify future trends in urbat risk by SLR in more detail, a Digital
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FIGURE *a

DIGITAL ELEVATION MODEL OF THE THREE EMIRATES OF SHARJAH, AJMAN AND
UMM AL#,UWAIN WHICH SHOWS THAT A SEA LEVEL RISE OF 1 METER WOULD
INUNDATE 1"2% OF SHARJAH, 8"1% OF AJMAN AND 5"9% OF UMM AL#;UWAIN"
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FIGURE *b /ERO METER SLR

FIGURE *c

UNDER THE EXTREME CASE OF
5 METER SLR SCENARIO, 3"2%

OF SHARJAH, 24% OF AJMAN
AND 10% OF UMM AL#
;UWAIN LANDS WOULD BE
INUNDATED BY SEA WATER"

Elevation Model (DEM), for the coastal zone of
the three Emirates of Sharjah, Ajman and Umm
Al-Quwain, has been constructed from topo-
graphic maps. Based on the derived-DEM, it
was found that approximately 3322kah the

land area of the three Emirates lies below 10 m
and is hence highly vulnerable to SLR. Results
reveal that a projected SLR of 1 m would inun-
date approximately 8.1% of the Emirate of
Ajman, 1.2% of the Emirate of Sharjah and
5.9% of the Emirate of Umm Al-Quwain
(Figure 8b). With the 5 meter scenario, these
flooded lands will be increased to reach about
24%, 3.2% and 10% for the three Emirates,
respectively (Figure 8c).

IV* IMPACT OF SEA LEVEL RISE ON
THE NILE DELTA

In the Arab region, locations that occupy low-
lying areas, such as deltaic plains, will face even
more serious problems due to SLR. River deltas
are particularly vulnerable since increases in sea
level are compounded by land subsidence and
human interference such as sediment trapping
by dams (Church et al., 2008). In the Arab
world, the two major deltaic areas are that of
the Nile River in Egypt and the Tigris and
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LANDSAT SATELLITE IMAGES SHOW VAST COASTAL EROSION IN THE NILE DELTA

FIGURE 9
WITH A RETREATING RATE OF UP TO 100 METERS PER YEAR IN SOME AREAS
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Euphrates in Irag. These locations are highlycelerating erosion along the coastline. This
populated areas and among the most importhas generally been attributed to both human
agricultural lands in the region. As illustrateshd natural factors. The construction of the
from the computed SLR (see Figure 1), thessewan High Dam (1962) and the entrapment
two areas are regionally the most vulnerableofira large amount of sediments behind it, in
fact, impacts will be much bigger when corhake Nasser, are major factors causing erosion
bined with increase in the incidence of extreinethe Nile Delta. The entrapment of another
events on low-level areas. considerable quantity of Nile sediments by the
extremely dense network of irrigation and
The total area of Egypt is slightly over one ndiainage channels and in the wetland of the
lion km?, most of which has an arid and hypeorthern delta has also contributed greatly to
arid climate. Roughly 94% of EgyptOs land nthssdeltaOs erosion (Stanley, 1996). At present,
is made up of desert. The fast growing popubeHy a little amount of the Nile River sediments
tion, now approaching about 81 million, inhalis carried seaward to replenish the Nile Delta
its less than 6% of the countryOs land area. @bést at its northern margin. Even the very
land area, which is located in the Nile Delta asdhall remaining amount of the delta sediment
the Nile valley, contains the most productiygesently reaching the Mediterranean is
agricultural land and hence the main foaémoved by the strong easterly sea currents.
source for the entire country. The Nile Delta,
which is about 24,900 Rmin area, alone Moreover, the deltads subsidence of about 1 to
accounts for about 65% of Egypt agriculturalmm per year (Stanley, 2005), due to both nat-
land. This delta, once the largest depocenteural causes and heavy groundwater extraction, is
the Mediterranean, is an extreme example affuencing the coastal erosion tremendously.
flat low-lying area at high risk to SLR (El-Raejuch coastal impact is evident in satellite
1997). The delta is presently retreating dueiioages, where coastal erosion can be clearly
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FIGURE "0 SLR SCENARIOS OF 1#5 METERS IN THE NILE DELTA REGION
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seen close to the Rosetta and Damieltathe extreme case of 5 m SLR, more than half

promontories (Figure 9). Analysis of Land4ab8%) of the Nile Delta will be facing destruc-

images reveals that the promontory of Rosetitze impacts, which would threaten at least 10

in particular, has lost approximately 9.8 ikkm major cities (among them Alexandria,

area (Figure 9b) and its coastline has retreat&hfanhur, Kafr-El-Sheikh, = Damietta,

km inland in only 30 years (1972 - 2003). Thiglansura and Port-Said), flooding productive

means that this part of the delta is retreatingagricultural lands, forcing about 14% of the

an alarming rate of about 100 m per year. countryOs population (<11.5 million people)
into more concentrated areas to the southern

Under SLR scenarios, much more of the Nilegion of the Nile Delta, and thus would con-

Delta will be lost forever. Remote sensing anbute to worsening their living standards.

GIS analysis depict areas of the Nile Delta at

risk of 1 m SLR and the extreme case of 5 m

SLR (Figure 10). Based on this figure, it is eSf-IMPACT OF URBANI/ATION AND

mated that a sea level rise of only 1 m woul@BAN HEAT ISLAND

flood much of the Nile Delta, inundating about

one third (<34%) of its land, placing importanthe southern part of the Nile Delta is present-

coastal cities such as Alexandria, |dkysuffering from the uncontrolled urbanization

Damietta and Port-Said at a great risk. In tho$ the city of Cairo, the capital city of Egypt.

case, it is estimated that about 8.5 % of tResults of the current investigation show that

nation®s population (<7 million people) will bee total built-up area in Cairo has expanded

displaced. significantly over the last few decades. The high
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FIGURE ™ CAIRO METROPOLITAN AREA HAS DOUBLED IN LESS THAN 20 YEARS
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economic growth and employment opportu 12% OF THE FARMLAND

ties in this city caused an influx of labour mig =Tl AREAS IN THE VICINITY OF
tion. Local increase of population plus migra CAIRO WERE LOST IN 20 YEARS
caused the city to expand rapidly and in g
uncontrollable fashion. As shown in Figure 11,
the Cairo metropolitan area has doubled in si
in less than 20 years (1984-2003). Presently
the city has a population of about 17.5 millign
people, making it the largest and most populous
metropolitan area in the Arab world.

As Cairo grows outward, a host of problematic
issues are raised. The first of these issues is t
loss of prime cultivated lands to urban expan-
sion and development, due to the increase i
housing demand. Analysis shows that abpu
12% (<62 km2) of the farmland areas in the
vicinity of Cairo were lost in 18-year time span
between 1984 and 2002 (Figure 12). Many
large cities of the MENA region (for example
Beirut, Figures 14 and 15) show the same dis
turbing trend of green cover and agricultural
land loss for urban expansion. Once these lands
have been converted to urban use, green areas
and agricultural lands are generally lost forever,
cutting down the carbon sinks, and in the longation is the Urban Heat Island effect (UHI),
term could cause food scarcity. for which the temperatures of central urban
locations are several degrees higher than those
Another problematic issue that relates to urbafi- nearby rural areas of similar elevation.

)CRS-B", E. +honeim - AFED 2009 Report*
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RAPID URBAN GROWTH IN CAIRO BETWEEN 1984#2002 CAUSED SIGNIFICANT
FIGURE "# RISE IN SURFACE TEMPERATURE (SHOWN IN RED COLOR), REFERRED TO AS
URBAN HEAT ISLAND (UHI) EFFECT
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Urbanization can have significant effects @i DUST STORMS IN THE
local weather and climate (Landsberg, 198ARAB DESERTS
which in turn can contribute greatly to global
warming. Urban expansion usually arises at fexosol pollution caused by dust storms can
expense of vegetation cover when open spac®dify cloud properties to reduce or prevent
converted to buildings, roads, and other infrarecipitation in the polluted region. Aerosol
structure. Urban materials used to build thesentaining black carbon can impact the climate
structures do not have the same thermal prapd possibly reduce formation of clouds. The
erties as vegetation cover, and consequentlydeanease in precipitation from clouds affected
largely influence the local urban climate. Thy desert dust can cause drier soil, which in turn
urban geometry of a city can increase surfagses more dust into the air, consequently pro-
temperatures as well by obstructing air flow anding a potential feedback loop to further
preventing cooling by convection. decrease rainfall. Moreover, anthropogenic
changes of land use exposing the topsoil can ini-
Studies on surface temperature characteristicatd such a desertification feedback process.
urban areas using satellite remote sensing (Resenfeld et al., 2001)
have been conducted primarily using the ther-
mal-infrared band from Landsat Enhancédtbanization not only increases the local tem-
Thematic Mapper Plus (ETM=) data. As illuperature but also creates industrial districts that
trated in Figure 13, Cairo shows a significazause atmospheric pollution and reduce local
rise in surface temperature with a general tredguality. With the continuous build-up of cli-
of warmer urban areas versus cooler surroundte change emissions in the atmosphere from
ing cultivated land. unregulated industrial emissions, many desert
regions will get hotter and drier in a phenome-
In the future, urban climate change will be oon called the amplification effect; that is,
importance to a larger and larger number of redready hot and dry places on Earth will become
dents of the Arab world. With such a significaeiven more so. Consequently, dust storms in the
and rising fraction of the Arab worldOs populatidesert will become more frequent and intense.
concentrated in urban areas, local climatic effects
will be felt by a great number of people. Research shows that dust storms are increasing
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FIGURES EXPANSION OF URBANI/ATION IN COSMOPOLITAN BEIRUT BETWEEN 1984 AND
"$, "% 2006: 15"8% OF THE GREEN COVER WAS LOST
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The availability of large and daily coverage
satellite imagery by, for instance, the
MODIS Terra and Agqua sensors enable us
to monitor dust storms on a daily basis and
identify their main source globally. For
example, as shown in Figure 16a, a thick
snake of yellowish dust originating from the
border of Iraqg with a southwest moving
front can be clearly seen in one of the
MODIS-Aqua images (acquired in May
2005). This storm is so thick that it hides a
large part of the Red Sea beneath it. Image
classification accentuates such phenomena
and reveals the mega dimension of such dust
storms; Figure 16b shows a storm which
reached up to 1700 km in length. This
storm crossed Saudi Arabia and all the way
in frequency in specific parts of the world, past the green ribbon of the Nile Valley to
including Africa and the Arabian Peninsula. For the western desert of Egypt.

example, the annual dust production had

increased tenfold in the last 50 years in manyAnother example of a mega dust-storm is
parts of North Africa. Dust storms are also captured by a MODIS-Terra image
accelerating in the Arab region due to the fact(acquired in May 2004). Here, a thick pall
that local soil cover is being loosened by off-of sand and dust can be seen blown out from
road vehicles (e.g., the effect of the Iraq wars)the Iranian Desert over the Gulf and engulf-
livestock grazing, and road development for oiling Kuwait, the eastern coast of Saudi
and gas production, particularly in the Gulf Arabia, Bahrain, Qatar and United Arab
region. Emirates (see Figure 16a).
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FIGURES
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16(a), LEFT: A MODIS#A;UA IMAGERY SHOWS A MEGA DUS T STORM

ORIGINATING FROM IRA; IN 2005 16(a), RIGHT: A MODIS#TERRA IMAGERY
ILLUSTRATES A THICK PALL OF SAND AND DUST BLOWING FROM THE IRANIAN
DESERT IN 2004 16(b): SATELLITE IMAGE CLASSIFICATION DEMONSTRATES THE
MEGA DIMENSION OF A DUST STORM THAT REACHED 1700 KM IN LENGTH" THIS
STORM CROSSED SAUDI ARABIA PAST THE GREEN RIBBON OF THE NILE VALLEY
TO THE WESTERN DESERT OF EGYPT
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[" INTRODUCTION reached 305 million, giving the region 4.7% of
the worldOs population. Over the last two decades,
Arab countries are situated in a hyper-arid to atti¢ population grew at an average rate of 2.6%
region with some pockets of semi-arid areas. pke annum, with an increase in the total urban
region is characterized by an extremely hagpspulation from 44% to almost 54%.
environment, with issues including scarcity Bfeanwhile, the development and poverty situa-
water resources, very low precipitation, low biotions in the region are highly uneven and poverty
versity, excessive exposure to extreme eventdsaadserious problem in many Arab countries.
desertification. Almost 85 million people are below the poverty
line of $2/day, accounting for almost 30% of the
The Arab region consists of 22 countries who szgionOs total population in 2000 (LAS, 2006).
all members of the League of Arab States (LAS),
10 in Africa and 12 in West Asia. It enjoy8s a result of increasing populations and the
extended coastal zones on the Mediterranean &gension of tourism, unplanned urbanization
the Red Sea, the Gulf and the Atlantic Sea wheme industrialization of almost all coastal centres
large percentages of the population live in a numve been observed at high rates. The need for
ber of highly populated economic centres. d#fficient transportation systems and a shortage of
addition, growth trends of both population andtrategic planning, low awareness and law
tourism in the coastal areas have been walforcement have significantly contributed to
observed (Massoud et al., 2003). increasing pollution and a deterioration of the
quality of life in many population centres.
In 2003 the total population of the regionThe marine side of the coastal zones of Arab

THE ESTIMATED AREA, COASTLINE AND THE POPULATION WITHIN 100KM OF THE COAST (%)

Countr* Area @n Coastline /opulation13000... /opulation /opulation 4ithin

(-m).. %ro4th (5)... 300 +m of coast (5)
in 2000....

Bahrain 740 590 753 1.8 100

Ira< 435,052 58 28,993 - 5.7

Kusait 17,818 499 2,851 2.5 100

Oman 309,500 2,092 4,017 2.2 -

;atar 11,427 5'3 2,595 1.8 88.5

United Arab Emirates 83,'00 1,318 4,380 2.3 84.9

Saudi Arabia 2,250,000 2,'40 24,735 2.4 30.3

D-ibouti 23,200 370 833 1 100

Jordan 92,300 2' 5,924 3.2 29

Somalia '37,'57 3,025 8,'99 3.1 54.8

Sudan 2,505,000 853 38,5'0 2.1 2.8

Comoro 2,23 340 839 2.2 100

Yemen 555,000 1,90 22,389 3.1 '3.5

Egypt 1,002,000 2,450 75,498 1.8 53.1

Palestine (Ga'a Strip) 27,000 40 841 - 100

Lebanon 10,452 225 4,099 1.1 100

Syria 185,180 193 19,929 2.4 34.5

Algeria 2,381,741 998 33,858 15 '8.8

Libya 1,775,000 1,770 10 1.9 78.7

Mauritania 1,030,700 754 3,124 2.7 39."

Morocco 710,850 1,835 31,224 1.2 '5.1

Tunisia 1'5,150 1,148 10,327 1.0 84

TOTAL 14,211,'03 22,105 2'2,'28,000

Sources: Modified after: )WRI/EarthTrend?, 2000*= The World Fact Book??, 200'= Encyclopedia Britannical= POPIN???, 200", )WRI/EarthTrend,????,2000*




A COMPARISON OF IMPACTS OF SEA LEVEL RISE ON INDICATORS OF VARIOUS
REGIONS, IN PERCENTAGE TERMS

6orld $A 7E8A H#HHA EA #A

Indicators

3m #$R
Area 0.31 0.34 0.25 0.12 0.52 0.29
Population 1.28 0.57 3.20 0.45 1.97 0.45
GDP 1.30 0.54 1.49 0.23 2.09 0.55
Urban e=tent 1.02 0.1 1.94 0.39 1.71 0.33
Ag" e=tent 0.39 0.33 1.15 0.04 0.83 0.11
Wetlands 1.8 1.35 3.32 1.11 2.7 1.59

‘m #$R
Area 1.21 1.24 0.3 0.48 2.30 1.5
Population 5.57 2.9 7.49 2.38 8.3 3.02
GDP .05 2.38 3.91 1.42 10.20 2.85
Urban e=tent 4.8 3.03 4.94 2.24 8.99 2.72
Ag" e=tent 2.10 1.7 3.23 0.38 4.19 1.1
Wetlands 7.30 57 7.09 4.70 9.57 7.94
LA: Latin America and Caribbean= MENA: Middle East and North Africa= SSA: Sub-Saharan Africa= EA: East Asia=
SA: South Asia.
Source: Dasgupta et al., 2007

countries is considered rich in its marine biologiith a 1m SLR), all other indicators suggest more
cal resources including a high biodiversity of fisevere impacts of SLR in this region. In particu-
eries, coral reefs and mangrove ecosystems.ld@swith a 1m SLR, 3.2% of its population would
result, the coastal zone has been a very impotenimpacted (vs. 1.28% worldwide), 1.49% of its
asset for the attraction of national and intern@DP (vs. 1.30% worldwide), 1.94% of its urban
tional tourism and an important contributor tgopulation (vs. 1.02% worldwide), and 3.32% of
national economies. its wetlands (vs. 1.86% worldwide) (Dasgupta et

al., 2007).
The Arab region is therefore considered among
the worldOs most vulnerable regions to the adv@nsthe institutional side, some of the Arab coun-
impacts of climate change; it will be especidligs have established environmental regulations
exposed to diminished agricultural productivitigr the protection and preservation of their
higher likelihood of drought and heat wavespastal resources. However, without building
long-term dwindling of water supplies, loss sfrong capabilities for monitoring, assessment and
coastal low-lying areas and considerable impliaa-enforcement, it is expected that the deteriora-
tions on human settlements and socioeconottidn of coastal resources will continue. Impacts of
systems (IPCC, 2007). Specifically, the impactatifmate change and sea level rise in particular,
sea level rise (SLR) is considered serious for rehoyld be added to the list of deterioration issues
of the Arab countries (e.g. Agrawala et al., 2006#main concern.
Dasgupta et al., 2007).

Although some Arab countries such as Lebanon,
Table 2 presents a comparison of the vulneralitliyypt, Saudi Arabia, Tunisia, Morocco, Algeria
ty of the coastal zone among various regionsmd others have already started assessing-their vul
the world according to specific indicatorgerability to climate change in cooperation with
(Dasgupta et al., 2007) the international community, international sup-

port is strongly required to include these issues in
While the land area of the Middle East and Northe national policies and strategies of all the Arab
Africa region would be less impacted by SLR tl@untries.
the developing world generally (0.25% vs. 0.3IPhe objective of this review is to present a gener-
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al survey of the vulnerability of the coastalany endemic species and is considerably richer
resources in the Arab region and to identify atidn that of the Atlantic Ocean for instance. The
explore the need for proactive policies and measttinental shelf is very narrow and the coastal
ures for adaptation, and institutional capabilitiesarine areas are rich ecosystems. The central
for monitoring, assessment and upgrading zoines of the Mediterranean are low in nutrients
awareness. but coastal zones benefit from telluric nutrients
that support higher levels of productivity. Among
the ecosystems that occupy coastal marine areas,
II" MARINE AND COASTAL RESOURCES the rocky intertidal estuaries, and, above all, sea-
IN THE ARAB REGION grass meadows are of significant ecological value
(UNEP, 2007).
From the coastal point of view, the Arab region
could be divided into three major sub-regions addition to its critical position at the middle
The following sections provide a brief overviewasthighly populated continents and its pleasant

each. weather during summer, the Mediterranean

Sea is an important destiny for tourism. In
The Mediterranean North African addition, being in the middle of trade between
Sub Region east and west it became an important traffic

route for ships. The sandy extended beaches of
The Mediterranean is virtually an enclosed $ea elevation on most of its coasts off of North
bounded by Europe, Africa and Asia. It has a séifrica attract tourism from all over the region.
face area of 2.5 million RnThe total length of In addition, the gradual development of large
the Mediterranean coastline is about 46,000keconomic and industrial centres of Arab coun-
of which 19,000km represent island coastlinestries such as the cities of Alexandria, Port Said,
is characterized by a relatively high degree of Diamietta, Benghazi, Tunis, Casablanca and
logical diversity. Its fauna is characterized Bgirut helped the development of industry and



tourism among Arab and European countriesd economic cities such as Sharm El Sheikh and

of the region. Hurghada as well as a number of industrial cities
such as Suez, Jeddah and Agaba are situated along

The Red Sea and Gulf of Aden its coast.

Sub#region

The ROPME Gulf Sub#region
The Red Sea has a surface area of about 450,000
km2 and varies in width from 30 to 280 kilomeFhe ROPME Gulf sub-region has a surface area
tres. It has an average depth of about 500m, wif239,000 ki, a mean depth of 36 m, and an
extensive shallow shelves well known for theierage volume of 8,630,008 kBecause of the
marine life and corals. The southern entrancerelaitive shallowness and water clarity of the
Bab-el-Mandab is only 130m deep, whiotpastal areas, the Gulf supports highly productive
restricts water exchange of water between the d&adtal habitats, such as the extensive intertidal
Sea and the Gulf of Aden (Gerges, 2002), henuadflats, seagrass and algae beds, mangroves and
the sea is vulnerable to increasing pollution diyral reefs (Munawar, 2002). The most pressing
land-based sources from surrounding countriee@gdronmental concerns include the decline of
well as the heavy shipping traffic through this pasawater quality, degradation of marine and
sage. The Red Sea is also considered a caagtal environments, coral bleaching and coastal
important water way for oil from the Gulf areeeclamation (ROPME, 2004).
through the Suez Canal to Europe.

The sub-region is also extremely rich in terms of
Resources of the Red Sea and Gulf of Aden aradne life, and it hosts many good fishing
source of economic, social and cultural prospgrounds, extensive coral reefs, and abundant pearl
ty, providing subsistence and commercial foogsters. It has come under pressures from fast
supplies, as well as domestic and internatiamdlanization and industrialization. In particular,
tourist destinations. They also provide a stratgugtroleum spillages during the recent wars and
cally important transport route for shippingonflicts have placed severe stresses on the region.
(especially petroleum products) and trading of
rich and varied cultural heritage. Together, they
are also a globally significant repository of maritielSSUES OF MAIN CONCERN
and coastal biodiversity, having the highest biodi-
versity of any enclosed sea. The Arab worldOs coastal regions suffer from a

number of important environmental problems
The Red Sea is a rich and diverse ecosystenmcluding:
contains fairly distinct faunal species subsets,
many of which are unique. Approximately 6.3@Population gro$th, unemployment and
of the coral species are endemic to the Red Se&ortage of a$areness
Mangrove and seagrass communities arePapulation growth rates in the coastal regions are
important feature of the coastal areas and provitech higher than those in other regions, which
significant productivity and input of nutrientsare already high. The shortage of employment
Inshore, halophytic salt marsh vegetation aoportunities is the main concern of many of the
sabkhas (seasonally flooded low-lying coa8tab countries not only because of the low capac-
plains) cover much of the coast (Gerges, 200d)ies but also of the shortage of specialized experts.

The Red Sea is characterized by its high biodi®dvnplanned Urbani‘ation

sity of marine habitats, life, corals and sea grass. It

therefore attracts tourism from all over the wotldany Arab coastal cities are expanding at high
all year around. A large number of highly poprates, without due consideration to planning for
lated resorts and diving centres have been edtdbre needs. Many slum areas are being created
lished with a variety of tourism services. Tourismith associated shortages of adequate sanitation
centres have been established at many coasthlsocioeconomic problems. In addition, the
areas along the Red Sea including the Gulfshbrtage of proper land use planning has created
Suez and Gulf of Agaba. In addition, large tourisany problems of services and overconsumption.
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A COMPARISON OF PERCENTAGE IMPACTS OF SEA LEVEL RISE ON THE GDP OF
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Large scale structures have been built on manytidn, very limited control is actually exercised
the coastal areas without due consideration tolleeause of the lack of institutional capabilities
potential impacts of sea level rise. for monitoring and control.

&Pollution and $ater scarcity Moreover, the situation of water scarcity that pre-

vails over the region has been a decisive political,
Excessive domestic and industrial pollutiongisographic and domestic factor in the regionOs
characteristic of many coastal cities in the Adslvelopment. Contamination of ground water
region. Even though there are many laws amdl impacts of wastewater are widespread in
regulations against domestic and industrial polany rural areas.



A COMPARISON OF PERCENTAGE IMPACTS OF SEA LEVEL RISE ON THE AGRICULTURAL PRODUCTION
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& Shortage of institutional capabilities & Lo$ elevation land and land subsi#
for management dence

This is truly the main problem, as institutionalhe spreading of low elevation areas on the
management capabilities are needed for prapmastal zone constitutes a major source for the risk
assessment and control of pollution as wellod#hundation. This is a common problem in the
other unplanned and illegal activities. There Nde Delta region and many of the coastal touris-
very limited information on land subsidencéic cities such as Alexandria, Benghazi,
especially in areas where extraction of petroléCasablanca, Jeddah and Dubai. Land subsidence
has been going on for a long time. There is imareases this risk, but it is not well monitored in
monitoring of ground water salinity or soil salimnany of the coastal areas of the Arab coasts where
ity. huge extractions of oil and gases are taking place.
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&Lac* of data and information El Raey et al., 1995). In addition, many Arab
countries have submitted their initial commu-
The near lack of data and information on variongations to the UNFCCC with a somewhat
aspects of vulnerabilities along the coastal zomeaiminary overview of their vulnerabilities.
another characteristic of the region. Very limitétbwever, a recent study carried out by the
time series data are available on extreme eveévitsld Bank for developing countries has
changing sea level, ground water salinity and latréssed the vulnerability of the Arab region
subsidence in the coastal regions. and has estimated percentage potential impacts
of sea level rise on countries of the region
(Dasgupta et al., 2007). Figures 2 through 5
IV" VULNERABILITY OF THE ARAB presentthe results of this comparison of vulner-
COASTAL /ONE TO IMPACTS OF CLI#  abilities of various sectors of countries of the
MATE CHANGE region due to a sea level rise of 1m and 5m.
While a sea level rise of more than 1m is a most
Very limited studies of the integrated impaaislikely scenario (in this authorOs point of
of climate change on the Arab coastal zonesveaw), a comparison of percentage impacts
available; however, there are a number of saatong certain countries and across sectors in
tered studies on some cities (e.g. Sestini, 198é&;region is nonetheless very useful to consid-



THE VULNERABILITY OF THE NILE DELTA REGION TO THE POTENTIAL IMPACTS OF
SEA LEVEL RISE"

__i Maditarraneaan Saa

SLR {m)
-
—
= r
I
B

LE R e

)CRS-B", E. +honeim - AFED 2009 Report*

Special analysis carried out for AFED Report by E. +honeim at the Center of Remote Sensing, Boston "niversity

er for planning. already below sea level and it is also vulnerable
to salt water intrusion and increasing soil salin-
The World Bank study clearly shows that Qatily of agricultural land. It is estimated that a
will be the most impacted country by sea lepapulation of over six million people lives in
rise in terms of the percentage of vulnerable lénese vulnerable areas and these may have to
area and in terms of the percentage of wetlandve away and abandon these areas. Noting
affected by sea level rise. Egypt will be the nibat the Nile Delta region produces over 60%
impacted from the points of view of percentagéthe agricultural production of Egypt and the
impact on GDP and agricultural production. above mentioned cities host more than 50% of
the industrial and economic activities of the
Some specific sub-regional details are preseotehtry, it is expected that the potential losses
below: in Egypt will be extremely high if no action is
taken.
Mediterranean Sea countries
One of the most important coastal problems is
The Nile Delta region and the cities ofoastal erosion, which is also expected to change
Alexandria, Rosetta and Port Said and theéire to alterations of the coastal circulation pat-
vicinity are undoubtedly the most vulnerabtern in the region due to climate changes. Figure
areas in the North African region (e.g., El Ra&ghows the dynamics of coastal erosion in the
et al., 1995; El Raey, 1997a). The Nile Deltaghly vulnerable region of Rosetta city and its
region is vulnerable to the direct risk of inumicinity. The rates of coastal erosion of the
dation of low land areas and the coastal afRasetta promontory, for instance, due to losses of
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silt after the establishment of the Aswan Higise; this is most worrying given that very limited

Dam, exceeded 50m/year. These rates are expgotmation is available on land subsidence due

ed to increase due to sea level rise. to oil and gas extraction in this region. In addi-
tion, many of the large and small islands in the

In addition, negative impacts of climate chan@ailf region are highly vulnerable to the impacts

on various aspects of trading in the region sucbfesea level rise.

export, Suez Canal revenue, migration of poor

communities and socioeconomic implicatioBahrain is among those highly vulnerable islands.

are also expected. Figure 10 shows the projected impacts of sea level
rise estimated based on analysis of satellite

The deltaic plain of the Medjerda River images; almost 11% of the land area of the king-

Tunisia is another example of an area vulneratden will be lost due to sea level rise of 50 cm if

to a rising sea level. In addition, there are seveoahction is taken for protection (Al Janeid et al.,

other vulnerable low land areas near the citie2@d8).

Benghazi in Libya, Casablanca in Morocco and

Nouakchott in Mauritania . Red Sea Countries

The ROPME and Gulf Countries Encouraged by its oil resources, the attractive
marine life and the favourable climate, major olil
The Gulf is highly vulnerable at its northern tipnd tourist industries have evolved on the coasts
north of Kuwait and south of Irag (Shatt edf the Red Sea. Tourism here is based mainly on
Arab). According to results presented in the S®a coral reef, sea grass, mangrove communities
Level Rise Explorer (2009) shown in Figure 8aitd associated rich marine life. Protectorates
is clear that despite the limited coastline of Iragve been established by the Egyptian authorities
on the ROPME Gulf region, the vulnerable loin the Sinai Peninsula along the Gulf of Agaba
land areas extend as far inland as near Baghdad. huge infrastructure has also been established
by many countries in the region.
The coastal areas of all Arab Gulf states are high-
ly vulnerable to the potential impacts of sea leUé coastal tourist industry in Egypt is booming

ESTIMATED IMPACTS OF VARIOUS SCENARIOS OF SLR ON THE KINGDOM OF BAHRAIN

Flooded Areas (") under l:'i}
different SLR Scena f'(',’- e, Ly T
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Source: Al Janeid et al., 2007
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NV RULYNENE S lop i =(eg o sV =R =y TN E =R NI IS ed tiedRed Sea on the west with a coast of 1,760 km
SINAI PENINSULA ON THE GULF OF A;ABA AND elojfmdy, to the Gulf on the east with a 650 km long
GULF OF SUE/ tiegaafst. More than 50 percent of the population of
Saudi Arabia lives within 100 km of the Saudi
coastline. The coastal region houses cities, towns,
and myriads of factories and processing plants.
The interface between the land and sea is the
main site for the import and export of goods and
services essential for the wellbeing and economic
prosperity of the country. The coastline is the
location of desalination plants that supply the
bulk of the countryOs drinking water, oil refiner-
ies and petrochemical factories, and a number of
cement plants in addition to a growing recre-
ational and tourism industry (Saudi Arabia Initial
National Communication, UNFCCC).

Because of the great length of the Saudi Arabian
coastline, only vulnerable industrial and populat-
ed coastal zone cities that could be affected by
SLR have been mentioned. On the eastern coast
of Saudi Arabia along the Gulf, Dammam, Ras
Tanura, Jubail and Khafji have been selected as
the most vulnerable coastal zone areas. On the
western coast, along the Red Sea, Jeddah,
Rabigh, Yanbu and Jizan have been selected as
the most vulnerable coastal areas.

In general, the coastal zone problems are already
critical in many parts of the Red Sea and Gulf of
Aden. The potential impacts of the predicted
global changes will be diverse and important for
human populations. The major impacts will fol-
low from one or more of the following mecha-
nisms: shoreline retreat; flooding and flood risk;
direct exposure to coastal environment; and
saline intrusion and seepage (Tawfig, 1994).
Sharm El Sheikh and Hurghada. Significant
tourist development has also taken place at miiny expected that in the absence of strong insti-
minor towns on the Gulf of Agaba coast as weeitional systems for monitoring, a shortage of
as at Safaga and Quseir on the Egyptian RedéBereness, and inadequate law enforcement
coast, and the northern sector of the Gulf oépabilities, the coastal resources in the Red Sea
Suez. To an extent this has probably exceeddld continue deteriorating and that the losses
carrying capacities of the area. Evidence of deef to climate changes in the region will be far
degradation due to tourism and other activitiedass than those due to human activities.
clear even in areas such as the Ras Mohammad
National Park in Egypt (El Shaer et al., 2009).
Large recreational cities and centres have BEeBXTREME EVENTS
developed in Saudi Arabia along the Jeddah
coastline. The Arab region is well known to suffer from
extreme events of many types: earthquakes,
Saudi Arabia lies at the crossroads of three catitughts, flash floods, dust storms, storm surges
nents, Europe, Asia and Africa. It extends frand heat waves. The damage associated with

)EEAA Protectorates of Egypt*




many of these extreme events has not been DISTRIBUTION OF COASTAL CITIES OF SAUDI
guantified. Recently, some areas have b ARABIA ALONG THE RED SEA AND THE GULF

exposed to volcanic activities (Saudi Arabia),
some others are exposed to snowing in the

events are affected by El Ni>o and/or the ENSO * *
phenomenon. Two examples of cases with ex epl’_ =
tional floods resulting in extensive material and| .

human damage are presented below (
Agoumi, 2003):

> Climate#related disaster in Algeria in
November 2001

Between 40,000 and 50,000 persons lost their

homes and nearly 109 roads were damag TRAJECTORY OF KHAMASIN SAND STORM FROM
Despite being forecast by Algerian and fore NORTH AFRICA TOWARDS THE EASTERN
weather services the magnitude of the human MEDITERRANEAN
material damage was categorized as one of the
. " L%
most severe in the past 40 years. -uz'" "l;iv'lv
H j e =
. ) ) ) 3 *Hpcimmanaan FEn
> Climatic disaster in Morocco in T
November 2002 icperia . ___E,;

Morocco experienced some of the worst flooding
in its history, with considerable material and
human damage. Initial estimates put the damage
at 63 dead, 26 missing, and dozens wounded,
while 24 houses collapsed and 373 were flooded?"* A*ekader et a.. 2009

Hundreds of hectares of agricultural land were
damaged; hundreds of heads of livestock svggptind observations of these dust storms.
away, and industrial plants sustained severe dam-
age. The most important refinery in the kingdo@limate change is expected to exacerbate many of
(SAMIR) caught fire, leading to more thathese extreme events by increasing their severity
US$300 million in losses. This wet, rainy yeand frequency. New evidence also suggests that
followed several dry or partially dry years.  climate change is likely to change the nature of
many types of hazards, not only hydro-meteoro-
Severe dust storms have been well known inltdggcal events such as floods, windstorms, and
Arab region for quite some time. However, tligoughts, but also events such as landslides, heat
severity of damage and the frequency of ocauaves and disease outbreaks, influencing not
rence have been observed to increase (UNISDRly the intensity, but also the duration and
2009). Figure 13 shows the trajectory of tmeagnitude of these events. Most of these extreme
Khamasin storms of North Africa and Figures 1deents cross coastal boundaries and are known to
and 14b represent examples of satellite imagesanctgional in nature.



CHAPTER 4

A SAHARAN DUST STORM OBSERVED BY A SATEL#
LITE CROSSING THE MEDITERRANEAN AND
IMPACTING THE WHOLE REGION

I

AN EXAMPLE OF A DUST STORM ON A SAUDI
ARABIAN INDUSTRIAL FACILITY

“

The output of research suggests that there is good
reason to be concerned about the dynamic, non-
linear and uncertain relationships between cli-
mate variability, climate change, and extreme
events, and their implications for human securi-

ty.

The Arab region is not immune to other extreme
events such as cyclones, hurricanes and tsunamis.
The latest events, cyclone Gonu in Oman and
the flood in Yemen, were very recent and clearly
illustrate the importance of development of early
warning signs that require the adoption of poli-
cies and measures for preparedness and risk
reduction.

A recent analysis been carried out by Dasgupta et
al. (2009) studied the potential impacts of
increasing frequencies and severities of storm
surges based on best available data of human
population, socioeconomic conditions, the pat-
tern of land use and available Shuttle Radar
Topography Mission (SRTM) coastal elevation
data. The results indicated that storm surge
intensification would cause additional GDP loss-
es (above the current 1-in-100-year reference
standard) in the Middle East and North Africa of
$12.7billion. The increase in impact on agricul-
tural areas is significant for the MENA region,
mainly because Egyptian and Algerian cropland
in surge zones would increase from the existing
estimated 212 kinto approximately 900 Km

with SLR and intensified storm surges. The per-
centage increase in surge regions for MENA
countries are shown in Figure 15.

VI" ADAPTATION MEASURES

Although the Arab region does not contribute

more than 4.5% of world greenhouse gas emis-
sions, it is among the most vulnerable regions in
the world to the potential impacts of climate

changes. The Arab countries therefore have to
follow strong programs for adaptation of all sec-
tors. Adaptation measures should include at least:

& Carrying out a detailed vulnerability assessment
using high resolution satellite imagery and
recent Digital Elevation Models (DEM) to assess
vulnerable areas and identify vulnerable stake-
holders given scenarios of SLR of the IPCC and
taking into consideration land subsidence.
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& Establishing an institutional system for ridle Arab region are highly vulnerable to the
reduction for integrating and coordinatingotential impacts of climate change. Proactive
research and carrying out training on thection needs to be taken, both in terms of
national and regional scales. expanding knowledge and cooperation, and

& Establishing strong monitoring systems fmplementing mitigation and adaptation poli-
coastal zone indicators and law enforcemar¢s. The main conclusions and recommenda-
Developing a database for national and regitions are listed below:
al indicators of climate change

& Developing a Regional Circulation Modé&l Although all of the Arab countries do not con-
(RCM) for the impact of climate change on tribute more than 4.5% to the total emissions
MENA countries and the Red Sea. Buildingof GHGSs, the coastal zones of most of them
capacities and reducing uncertainties of prediare highly vulnerable to the potential impacts
tions of sea level rise and the expected increased

& Adopting an integrated coastal zoneseverity and frequency of extreme events.
management approach to protect coasglEven though some of the Arab countries have
resources with special reference to expectatioestablished institutional capabilities for the
of future severities and increasing frequencianitigation of greenhouse gas emissions, none
of extreme events has established such systems for adaptation

& Adopting a proactive planning approach anénd self protection.
developing policies and adaptation progradsExcluding Tunisia and Morocco, no integrat-
for no regret planning, protection of the low ed national strategic action plans have been
land areas in the coastal region and coastastablished for the vulnerable countries.
cities in the Nile Delta, Tunisia, Mauritania& A strategic assessment and risk reduction of
and Gulf region, exchanging experiences andimate change impacts must be carried out as
success stories. a joint effort through the League of Arab

& Upgrading awareness of decision makers &tates.
strategic aspects and developing employm&nmn early warning system of tsunamis for the

opportunities for vulnerable groups. Mediterranean and the Gulf regions must be
established through satellite systems.

VII" CONCLUSION & Proactive planning and protection policies

AND RECOMMENDATIONS and measures should be initiated for vulnera-

ble sectors with particular emphasis on the
This chapter has shown that the coastal areasdéoastal zone.
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FOOD PRODUCTION

I" INTRODUCTION ty to cope with changing conditions.

Food security in the Arab world has experienddee current total cultivated area in the Arab
a long history of environmental and socio-eaegion makes up about 5% of the total global cul-
nomic pressures. The dominant arid conditionisjated area, and it represents about 5% of the
limited water resources, erratic cropping pé&tal area of Arab world (FAO, 2008b). Most of
terns, low knowledge and technology levels e Arab regionOs lands are classified as hyper-
the main factors presently affecting food prodacid, semi-arid and arid land zones (WRI, 2002).
tion systems in the Arab world. The relationship between the cultivated area and
the population is one of the major challenges fac-
Most recent assessments have concluded thairgidood production in the region. The land
and semi-arid regions are highly vulnerable to share per capita is decreasing annually as a result
mate change (IPCC, 2007a). On the other haraf, rapid population growth rates and urbaniza-
at a high level conference of the Food atidn (AOAD, 2008). By 2007, the average agri-
Agriculture Organization (FAO) held in Rome igultural land share in the Arab region was about
June 2008, the delegates asserted that agriculit?®@ ha per capita, which is slightly lower than
is not only a fundamental human activity at riske world average of 0.24 ha per capita.
from climate change, it is a major driver of envi-
ronmental and climate change itself. The projettie dominant agricultural system in Arab coun-
ed climatic changes will be among the mdases is rainfed agriculture; the total irrigated area
important challenges for agriculture in the tweim the Arab world is less than 28% (FAO,
ty-first century, especially for developing cou2808b). Therefore, annual agricultural produc-
tries and arid regions (IPCC, 2007a). tivity and food security are highly correlated to
the annual variability of precipitation, which has
By the end of the Slcentury, the Arab regionexhibited major changes in recent decades
will face an increase of 2 t0'%.5n the surface (Abou-Hadid, 2006). Irrigated agriculture is
temperature. This increase will be coupled witlviely represented in the Arabian Peninsula
projected decrease in precipitation up to 20%eountries and Egypt, where fully irrigated agri-
These projected changes will lead to shorter vainkure makes up 100% and 95% of the total cul-
ters and dryer summers, hotter summers, miivated area, respectively.
frequent heat wave occurrence, and more vari-
ability and extreme weather events occurrembe agricultural productivity of most crops
(IPCC, 2007b). exhibited noticeable increases during recent
years. The per capita food production index
(PCFPI) shows the food output, excluding ani-
II" KEY IMPACTS AND VULNERABILITIES  mal feed, of a countryOs agriculture sector relative
OF THE AGRICULTURE SECTOR IN THE to the base period 1999-2001 (FAO, 2008b).
ARAB WORLD The PCFPI value of the Arab region increased
from 99.8 in 2003 to 112.3 by 2005, an increase
The risks associated with agriculture and climafel 3%, whereas the world values of the PCFPI
change arise out of strong complicated relatiorereased during the same years by 20% (AOAD,
ships between agriculture and the climate syst2@98). The productivities of crops under irrigat-
plus the high reliance of agriculture on finite nated agriculture in the Arab region improved due
ural resources (Abou-Hadid, 2009). The intete switching to new cultivars, applying modern
annual, monthly and daily distribution of climateechnologies and improving management pro-
variables (e.g., temperature, radiation, precipgeams; to yield some of the highest productivities
tion, water vapour pressure in the air and wiall over the world in some Arab countries, such as
speed) affects a number of physical, chemicalianBgypt and Sudan. On the other hand, the
biological processes that drive the productivitynadjority of Arab countries have serious problems
agricultural, forestry and fisheries systems (IP@Cagricultural production as a result of limited
2007a). In the cases of forestry and fisheries sysnomic resources, low levels of technology,
tems, vulnerability depends on exposure and dienited crop patterns, and environmental limita-
sitivity to climate conditions, and on the capatiens and pressures (Agoumi, 2001).
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The FAO (2005) expects growth rates in wondany agricultural and forestry impacts. Most
agricultural production to decline from 2.2%/yArab countries are characterized by limited
during the past 30 years to 1.6%/yr during theater resources and high water demands. The
2000 to 2015 period, 1.3%/yr between 201fatal annual renewable water resources in the
and 2030 and 0.8%l/yr between 2030 and 205®ab world are about 460 km3, or about 0.9%
This still implies a 55% increase in global cropthe global annual renewable water resources.
production by 2030 and an 80% increase Based on annual water resources per capita, all
2050 (compared with 1999 to 2001). GloballyArab countries are facing a vulnerable water sit-
to facilitate this growth in output, 185 millionuation, except Iraq which has renewable water
ha of rain-fed crop land (=19%) and 60 millioresources of more than 2900 m3/capita/year.
ha of irrigated land (=30%) will have to beebanon and Syria are currently facing water
brought into production. Expanded land usdress (1,000 to 1,700 m3/capita/year), while
and improved technology are the essential tha-rest of the Arab countries are facing water
sons contributing to yieldsO expected rise. Ceaicity (less than 1,000 m3/capitalyear)
yields in developing countries are projected(&FED, 2008). The agriculture sector uses over
increase from 2.7 tonnes/ha currently to 38®% of the total water resources of the Arab
tonnes/ha in 2050 (FAO, 2005). Thesworld. However, the water use efficiency of the
improvements in the global supply-demand bafriculture sector in most of the Arab countries
ance will be accompanied by a decline in iedow (Montazar et al., 2007).

number of undernourished people from moge
than 800 million at present to about 300 mi
lion, or 4% of the population in developing
countries, by 2050 (FAO, 2005),
Notwithstanding these overall improvemen
important food-security problems remain to |
addressed at the local and national levels. A
with high rates of population growth and nat
ral resource degradation are likely to continue
have high rates of poverty and food insecu
(Alexandratos, 2005). Cassman et al. (20
emphasize that climate change will add to
dual challenge of meeting food demand whilg
the same time efforts are in progress for prot
ing natural resources and improving envirg
mental quality in these regions.
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The production and dissemination of seaso
climate forecasts has improved the ability
many resource managers to anticipate and |
for climate variability (Harrison, 2005)
However, problems related to infectious dised
conflicts and other societal factors may decre
the capacity to respond to climate variability a
change at the local level, thereby increasing
rent vulnerability. Policies and responses mad
national and international levels also influe
local adaptations (Salinger et al., 2005). Natio
agricultural policies are often developed on
basis of local risks, needs and capacities, as
international markets, tariffs, subsidies and tr
agreements (Burton and Lim, 2005). i
__.g.l ¥

Water balance and weather extremes are ke, .
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CHAPTER 5 FOOD PRODUCTION

The water situation in the Arab region is thregiMedany, 2007). Magano et al. (2007) point out
ened by both environmental and socio-econorthat irrigation demands will increase and the irri-
pressures. Many negative impacts of climgtgion period of supplementary irrigation will
change on freshwater systems are observdae@ome longer under projected climate changes.
recent studies. These impacts are mainly du&ao example, the total annual reference irrigation
the observed and projected increases in tempadeatands of Egypt are projected to increase by 6
ture, evaporation, sea level and precipitation veri16% by the 2100s, due to the increase in ref-
ability (IPCC, 2007a). Decreases in precipitati@enence evapotranspiration values, which will lead
are predicted by more than 90% of climate a general increase in the crop-water demands.
model simulations by the end of the 21st centigure 1 illustrates the change in crop-water
ry for the North Africa and Middle East regionequirements of major field and vegetable crops
(IPCC, 2007Db). due to the change in temperature and IB@els
based on the IPCC SRES Al and B1 scenarios
Changes in annual mean runoff are indicativefaf the 2025s, 2050s and 2100s (Medany, 2008).
the mean water availability for vegetation.
Projected changes between now and 2100 skwmallholder agriculture is used here to describe
some consistent runoff patterns: increases in higial producers, who farm using mainly family
latitudes and the wet tropics, and decreasesabour and for whom the farm provides the
mid-latitudes and some parts of the dry tropigsincipal source of income (Cornish, 1998).
Declines in water availability are therefore pi®astoralists and people dependent on artisanal
jected to affect some of the areas currently siistieries and household aquaculture enterprises
able for rain-fed crops (e.g., in the Mediterrang@ilison and Ellis, 2001) are also included in this
basin and sub-tropical regions) (Christensencategory. Smallholders in most of the Arab
al., 2007). countries are poor and suffer in varying degrees
from problems associated both with subsistence
Climate change will increase consumptive waienduction (isolated and marginal location,
use in key sectors in the future, especiallysinall farm size, informal land tenure and low
countries that have limited water resources, higbels of technology), and with uneven and
population growth and high development rataespredictable exposure to world markets, which

CHANGE BETWEEN CURRENT AND FUTURE VALUES (FOR YEARS 2025s, 2050 s AND 2100 s) AT NATION#

AL LEVEL SEASONAL CROP#WATER RE;UIREMENTS OF SOME FIELD AND VEGETABLE MAJOR CROPS

2025 2050 2100

HWwWheat GWQ B Tomato GNQ M Potato GSQ B Maize GNQ M Potato GWQ
M Maize GSQ Tomato GWQ M Broad Bean GW @ Tomato GSQ M Potato GNQ
Source: Medany, 2008

A" Bn

W: Winter season S: Summer season N: Nili season
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have been characterized as Ocomplex, di
and risk-proneO (Chambers et al., 1989). R
are also diverse (drought and flood, crop &
animal diseases, and market shocks) and ma
felt by individual households or entire comm
nities (Scoones et al., 1996). Subsistence
smallholder livelihood systems currently exps
ence a number of interlocking stressors ot
than climate change and climate variabil
(Iglesias, 2002). It is likely that smallholder a
subsistence households will decline in numb
as they are pulled or pushed into other live
hoods, with those that remain sufferi
increased vulnerability and increased pové
(Lipton, 2004).

The impacts of climate change on subsiste
and smallholder agriculture, pastoralism and a
sanal fisheries will include, (i) the direct impa
of changes in temperature, £&hd precipita-
tion on vyields of specific food and cash cro %S
productivity of livestock and fisheries systerri
and animal health; (i) other physical impacts!
climate change important to smallholders suct 22
decreased water supply for irrigation systef=
effects of sea level rise on coastal areas, incr
frequency of tropical storms (Adger, 1999), a
other forms of environmental impact still beir
identified, such as increased forest-fire r=
(Agrawala et al., 2003) and remobilization
dunes (Thomas et al., 2005); and (jii) impacts |
human health, like malaria risk .

" IMPACT OF CLIMATE CHANGE ON Some studies using re-analyses of recent FACE
CROP PRODUCTION (Free Air Carbon Enrichment) have argued that
crop response to elevated,@@y be lower than
Plant response to elevated,@&ne, without previously thought, with consequences for crop
climate change, is positive and was reviewsstelling and projections of food supply (Long
extensively in a vast number of studies (see reteal., 2006). Many recent studies confirm that
ences). Recent studies confirm that the effecteenfperature and precipitation changes in future
elevated Coon plant growth and yield will decades will modify, and often limit, direct,CO
depend on photosynthetic pathway, specieffects on plants. For instance, high temperatures
growth stage and management regimes, suctuaisig flowering may lower GCQeffects by
water and nitrogen (N) applications (e.geducing grain number, size and quality
Ainsworth and Long, 2005). On average acrg€saldwell et al., 2005). Increased temperatures
several species and under unstressed conditinag, also reduce GCQeffects indirectly, by
recent data analyses find that, compared to ¢ncreasing water demand (Xiao et al., 2005).
rent atmospheric CQOconcentrations, crop
yields increase at 550 parts per million (ppmiture CQ levels may favour C3 plants over C4
CO, in the range of 10-20% for C&ops and (*iska, 2003), yet the opposite is expected under
0-10% for C4 crops (Ainsworth et al., 2004;associated temperature increases; the net effects
Long et al., 2004). remain uncertain. In particular, since more than
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PROJECTED CHANGES IN CROP PRODUCTION OF SOME MAJOR CROPS IN EGYPT
UNDER CLIMATE CHANGE CONDITIONS

TABLE "

Crop Change in 5 #ources
20:0s 2300s
Rice -11% Eid and EL-Marsafawy )2002*
Mai'e -19% Eid et al. 1997b
-14% -20% Hassanein and Medany, 2007
Soybeans -28% Eid and EL-Marsafawy )2002*
Barley -20% Eid et al. 1997b
Cotton Ul7% U31% Eid et al. 1997a
Fava bean -4.4t0 - U'to U11% Hassanein and Medany )2009*
Potato -0.9 t0 -2.3% U0.2 to U2.3 % Medany and Hassanein )200'*
Wheat -4.8to -17.2 -2' t0-38% Eid et al 19924, b, Eid et al 1993a, b, c,
Eid 1994, Eid et al 19944, b,
and Eid et al 1995a, b

80% of total agricultural land, and close to 100Furthermore, CQ-temperature interactions are

of pasture land, is rain-fed, general circulatimtognized as a key factor in determining plant

model (GCM) dependent changes in precipitdamage from pests in future decades, though few

tion will often shape both the direction and maguantitative analyses exist to date; -B@cipi-

nitude of the overall impacts (Reilly et al., 2003&tion interactions will likewise be important
(*vereva and Kozlov, 2006).

IPCC (2007a) reported that agricultural produc-

tion in many African countries is projected to b®r instance, the impact of climate change on

severely compromised by climate variability grekts and diseases was studied for some impor-

change. Yields from rainfed agriculture in Afritamt diseases at the national level, such as pear

could be reduced by up to 50% by 2020, and tkerly blight, potato late blight (Fahim, et al.,

projected sea-level rise will affect low-lyig@07), and wheat rust diseases (Abo Elmaaty et

coastal areas with large populations, which wail, 2007). Importantly, increased climate

require a total cost of adaptation that cou&ktremes may promote plant disease and pest

amount to at least 5-10% of GDP. outbreaks (Gan, 2004).

For the Arab world, the overall conclusion of

most studies indicates a general trend of red¢-IMPACT OF CLIMATE CHANGE

tion for most major field crops. El-Shaer et &N LIVESTOCK AND GRA/ING

(1997) concluded that climate change could do

severe damage to agricultural productivity if Rastures comprise both grassland and rangeland

adaptation measures were taken. Table 1 shevasystems. Rangelands are found on every con-

the impact of climate change on some majorent, typically in regions where temperature

crops in the Egyptian cropping pattern, indica&nd moisture restrictions limit other vegetation

ed in previous studies. By the year 2050, climgiees; they include deserts (cold, hot and tun-

change could increase water needs by up to 188), scrub, chaparral and savannas. Pastures

for summer crops but decrease them by up to @&eupy 33% of the total area of the Arab region.

for winter crops (Eid and El-Mowelhi, 1998). However this area is under risk due to climatic
variability related events (e.g. drought, floods)

On the other hand, there are additional negatamed desertification (AOAD, 2008).

impacts of increased climate variability on plant

production due to climate changePastures and livestock production systems occur

Understanding links between increased frequender most climates and range from extensive

cy of extreme climate events and ecosystempiistoral systems with grazing herbivores, to

turbance (fires, pest outbreaks, etc.) is particuilaiensive systems based on forage and grain

ly important to quantify impacts (Hogg androps, where animals are mostly kept indoors.

Bernier, 2005). The combination of increases inJ&Oncentra-
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tion, in conjunction with changes in rainfall antbld (Mader, 2003). In dry regions, there are risks
temperature, is likely to have significant impatitst severe vegetation degeneration leads to posi-
on grasslands and rangelands, with productiive feedbacks between soil degradation and
increases in humid temperate grasslands, rediuced vegetation and rainfall, with correspon-
decreases in arid and semi-arid regions (IP@Dg losses of pastoral areas and farmlands
2007a). (*heng et al., 2002). A number of studies in
Africa (Batima, 2003) show a strong relationship
Animal requirements for crude proteins from pdsetween droughts and animal death. Projected
tures range from 7 to 8% of ingested dry mattegmperature increases, combined with reduced
up to 24% for the highest-producing dairy cowgrecipitation in North Africa would lead to
In conditions of very low Nitrogen status in pasicreased loss of domestic herbivores during
ture ranges under arid and semi-arid conditioegfreme events in drought-prone areas. With
possible reductions in crude proteins under elevatreased heat stress in the future, water require-
ed CO, may put a system into a sub-maintenanceents for livestock will increase significantly
level for animal performance (Milchunas et atgmpared to current conditions, so that overgraz-
2005). The decline under elevated,d€vels ing near watering points is likely to expand
(Polley et al., 2003) of C4 grasses, which are a(Basma et al., 2005).
nutritious food resource than C3 (Ehleringer et
al., 2002), may also compensate for the reduced
protein content under elevated £@Generally, V" IMPACT OF CLIMATE CHANGE
thermal stress reduces productivity and conc®p FISHING AND A;UACULTURE
tion rates, and is potentially life-threatening to
livestock. Because ingestion of food and feeddsiaculture resembles terrestrial animal hus-
directly related to heat production, any declineliandry and therefore shares many of the vulner-
feed intake and/or energy density of the diet veibilities and adaptations to climate change with
reduce the amount of heat that needs to be difsat sector. Similarities between aquaculture and
pated by the animal. Mader and Davis (200®rrestrial animal husbandry include ownership,
confirm that the onset of a thermal challengentrol of inputs, diseases and predators, and use
often results in declines in physical activity witli land and water. Some aquaculture, particular-
associated declines in eating and grazing ffoof plants, depends on naturally occurring
ruminants and other herbivores) activities. Newtrients, but the rearing of fish usually requires
models of animal energetics and nutriticthe addition of suitable food. Capture fisheries
(Parsons et al., 2001) have shown that high tetepend on the productivity of natural ecosystems
peratures put a ceiling on dairy milk yield irrend are therefore vulnerable to climate change
spective of feed intake. Increases in air temparduced changes affecting production in natural
ture and/or humidity have the potential to affeeijuatic ecosystems.
conception rates of domestic animals not adapted
to those conditions. This is particularly the cd$8CC (2007a) reports a number of key negative
for cattle, in which the primary breeding seasompacts of climate change on aquaculture and
occurs in spring and summer months. Amundsfsashwater fisheries, including (i) stress due to
et al. (2005) reported declines in conception railesreased temperature and oxygen demand and
of cattle for temperatures above @3.4nd at increased acidity (lower pH); (ii) uncertain future
high thermal heat index. water supply; (iii) extreme weather events; (iv)
increased frequency of disease and toxic events; (V)
Moreover, impacts on animal productivity due &ea level rise and conflict of interest with coastal
increased variability in weather patterns will likgrotection needs; and (vi) uncertain future supply
ly be far greater than effects associated withahdishmeal and oils from capture fisheries.
average change in climatic conditions. LackRafsitive impacts include increased growth rates
prior conditioning to weather events most oftemd food conversion efficiencies, increased length
results in catastrophic losses in confined catflegrowing season, range expansion and use of
feedlots (Hahn et al., 2001), with economic loggew areas due to decreases in ice cover.
es from reduced cattle performance exceeding
those associated with cattle death losses seVieraiperature increases may cause seasonal
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increases in growth, but it may affect fish popgoal medicine, and in the cosmetics industry;
lations at the upper end of their thermal tolethese impacts will also be highly diverse and
ance zone. Increasing temperature interacts wéthionalized. Recent studies suggest that direct
other changes, including declining pH an@O, effects on tree growth may be revised to
increasing nitrogen and ammonia, to incredswer values than previously assumed in forest
metabolic costs. The consequences of these igiewth models. A number of FACE studies
actions are speculative and complex (Morgarsledwed average net primary productivity (NPP)
al., 2001). increases of 23% in young tree stands at 550
ppm CO, (Norby et al., 2005). However, in a
Changes in primary production and transf&00-year old tree stand, Korner et al. (2005)
through the food chain due to climate will havefaund little overall stimulation in stem growth
key impact on fisheries. Such changes mayoter a period of four years. Additionally, the ini-
either positive or negative and the aggregaddincrease in growth increments may be limit-
impact at the global level is unknown (IPC&d by competition, disturbance, air pollutants,
2007a). However, climate change has been impiirient limitations and other factors
cated in mass mortalities of many aquatic spe¢i€arnosky, 2003), and the response is site- and
including plants, fish, corals and mammals, buspecies-specific.
lack of standardized epidemiological data and
information on pathogens generally makes it difi-number of long-term studies on supply and
cult to attribute causes (Harvell et al., 1999). demand of forestry products have been conduct-
ed in recent years (IPCC, 2007a). These studies
project a shift in harvest from natural forests to
VI" IMPACT OF CLIMATE CHANGE ON plantations (Hagler, 1998). Finally, although cli-
FOREST PRODUCTIVITY mate change will impact the availability of forest
resources, the anthropogenic impact, particularly
Forests cover almost 928 thousand ha or 6.B¥td-use change and deforestation, is likely to be
of the Arab worldOs area. Approximately em&remely important (*hao et al., 2005).
third of this area is located in Sudan. Modelling
studies predict increased global timber produc-
tion. Whereas models suggest that global timigdt ADAPTATION OF AGRICULTURE IN
productivity will likely increase with climat&dHE ARAB WORLD
change, regional production will exhibit large
variability, similar to that discussed for crogs.2001, the IPCC identified ZAdaptation[ as any
Climate change will also substantially impajustment in ecological, social, or economic sys-
other services, such as seeds, nuts, hunt@ms in response to actual or expected climatic
resins, plants used in pharmaceutical and botstimuli and their effects or impacts. This term
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refers to changes in processes, practices, or stomemunities, lack of financial support, and the
tures to moderate or offset potential damageslosence of an appropriate institutional frame-
to take advantage of opportunities associahautk.
with changes in climate. It involves adjustments
to reduce the vulnerability of communitiedviedany et al. (2007) conclude that designing an
regions, or activities to climatic change and vadaptation strategy for the agriculture sector
ability (IPCC, 2001a). should consider the simple and low cost adapta-
tion measures that may be inspired from tradi-
The high vulnerability of the agricultural sectdional knowledge to meet local conditions and to
in developing countries should place it at the tbp compatible with sustainable development
of priority lists of adaptation plans. Although cliequirements. It is not preferable to use imported
mate change is projected to have serious impsaligtions based on high levels of technology and
on the agricultural sector in the Arab world, onygh initial costs. Moreover, technology and
modest efforts and steps are currently being takeowledge transfer activities are encouraged to
in the areas of scientific research, mitigation auwpbport adaptation strategies. Addressing climate
adaptation. change mitigation and adaptation in develop-
ment strategies means strengthening these strate-

Agriculture has historically shown high levelsgiés and increasing their efficiency and durabili-
adaptability to climate variations. For croppirny.
systems there are many potential ways to alter
management to deal with projected climatic ahtedany et al. (2007) recommend the following
atmospheric changes (Challinor et al., 200®).enhance the planning of mitigation and adap-
These adaptations include: tation strategies for the agricultural sector under
a) Altering inputs such as varieties, species,Egyptian conditions:

tilizer, and amounts and timing of irrigation

and other water management practices; & Improving the scientific capacity should be
b) Wider use of simple technologies; among the top priorities of development plan-
c) Water management to prevent waterloggingping.

erosion and nutrient leaching in areas wigPolitical and financial adoption of adaptation

rainfall increases; strategies.
d) Altering the timing or location of croppingk The bottom-up approach of planning and
activities; implementing adaptation and mitigation

e) Diversifying income by integrating other strategies could be more efficient.
farming activities such as livestock raising& Developing community-based measures by
f) Improving the effectiveness of pest, diseastakeholdersO involvement in adaptation plan-

and weed management practices; and ning, and improving the adaptive capacity of
g) Using seasonal climate forecasting to redutke different human sectors.
production risk. & Increasing the public awareness and improving

the concept of climate and its relation to envi-
Many options for policy-based adaptation to cli-ronmental and human systems.
mate change have been identified for agricult&émproving adaptive capacity of the communi-
forests and fisheries (Easterling et al., 2004)y should be based on a clear scientific message,
These can either involve adaptation activitieand enjoy strong governmental support.
such as developing infrastructure or building the
capacity to adapt in the broader user communititaher et al. (2009) studied the farmersO percep-
and institutions, often by changing the decisition for adaptation planning in Nile Delta
making environment under which managememegion, and concluded that farmers have a real
level, adaptation activities occur. Designing aniative to act positively to reduce the impact of
applying national adaptation strategies for tbémate change. Moreover, although community
agriculture sector faces a group of barri@egagement in adaptation planning is very
including limitations of the existing scientifianportant, the scientific evaluation should be
base, policy perceptions under current conditidaken into account to set a more practical list of
and pressures, poor adaptive capacity of raddptation measures.
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NOTES

1 C3 carbon fixation is a metabolic pathway for
carbon fixation in photosynthesis. This process
converts carbon dioxide and ribulose bisphosphate
(RuBP, a 5-carbon sugar) into 3-phosphoglycerate
through the following reaction:

CO2 > RuBP»> 2 3-phosphoglycerate
This reaction occurs in all plants as the first step of
the Calvin cycle.

2 C4 carbon fixation is one of three biochemical
mechanisms, along with C3 and CAM
photosynthesis, functioning in land plants to fix*
carbon dioxide (binding the gaseous molecules to
dissolved compounds inside the plant) for sugar
production through photosynthesis. Along with
CAM photosynthesis, C4 fixation is considered an
advancement over the simpler and more ancient
C3 carbon fixation mechanism operating in most
plants. Both mechanisms overcome the tendency
of RuBisCO (the first enzyme in the Calvin cycle) to
photorespire, or waste energy by using oxygen to
break down carbon compounds to CO2. However
C4 fixation requires more energy input than C3 in
the form of ATP. C4 plants separate RuBisCO
from atmospheric oxygen, fixing carbon in the
mesophyll cells and using oxaloacetate and malate
to ferry the fixed carbon to RuBisCO and the rest
of the Calvin cycle enzymes isolated in the
bundle-sheath cells. The intermediate compounds
both contain four carbon atoms, hence the name
C4.



Impact of Climate Change: Vulnerability and Adaptat ion
Fresh Water

Dia BL1DN EL1+uosy




CHAPTER 6 FRESH WATER

[" INTRODUCTION imports to the region make up more than 50% of

food consumption and only 25% of arable land
The Arab world is one of the most water stresgedultivated.
regions in the whole world, and climate change,
which is projected to increase the frequency #@mhual renewable water resources in the Arab
intensity of extreme weather events suchregion are about 244 billion3fyear of which
droughts and floods, as well as decrease precp@é-billion n¥/year are surface flows and 40 bil-
tion, will contribute to even worse water scarcityn m3/year are renewable groundwater.
in the region. It is not only the quantity of fresWithdrawal in some Arab countries exceeds the
water that might be affected by climate changenewable supplies, while others are just at the
the quality of groundwater might also be woignit.
ened, as fresh water supplies might get contami-
nated by sea water intruding coastal aquifétss not only the limited water resources that
thereby affecting potable water supplies for npibse problems; the harsh climatic conditions and
lions of Arabs. the use of the majority of Arab countriesO water

in water consuming activities like agriculture add
About two thirds of the renewable watdo the magnitude of the issue. This is exacerbat-
resources of the Arab world originate outside #tkby high population growth rates, which add a
region. Eighty percent of the area of the Arabronic nature to the problem and aggravate its
countries is barren desert, and therefore thmpact. If all this is crowned by climate change,
region is mainly arid with small pockets of sertiie situation might reach an intolerable condi-
arid climatic conditions. The average annu@n which may ultimately affect the environ-
rainfall varies between 0 and 1800 mm while tmental, economic, social, political and even secu-
average evaporation rate is more than 2009 stability of the region.
mm/yeatr.

One of the major drawbacks of research in and
The area of the Arab world contains almost ten the Arab region is data availability: regular
percent of the dry land on earth while watereasurements, continuous monitoring and neu-
resources do not exceed one percent of tila evaluation of the water status in the area is
worldOs total. Despite this water poverty, eigkither missing or only available in isolated surveys
percent of the water budget in the Arab worldtisat might be separated by long time spans with
allocated to agriculture, the highest water caormen-available records. This adds to the uncer-
suming development activity, while industiainty of the effect of climate change on water
consumes 12% and the remaining 8% is alloaasources in most of the Arab countries. This
ed to domestic and potable use. Although ababapter is an attempt to shed some light on cli-
2000 billion n3 of rain falls every year on thenate change and climate variability as phenome-
Arab countries, the amount of effective rainfak that might affect water availability in the Arab
that is beneficially utilized is much less than thégjion and how vulnerable Arab countries can
figure; huge quantities are lost in evaporatioitigate and adapt to their positive and negative
from free water surfaces, evapotranspirationngbacts.
aquatic plants in swamps and marches, or lost to
the sea or the ocean.

1" HYDROLOGICAL
There are 34 continuously flowing fresh watetVISION OF ARAB COUNTRIES
rivers in the Arab world; their catchments may be
as small as 86 Kin the case of the *ahrani riverThe Arab countries can be divided from the
in Lebanon, and 2.8 million Rnin the case of hydrologic point of view into the following sub-
the Nile. divisions:

& Al Mashrek countries: Iraq, Syria, Lebanon,
The percentage of water used in the Arab worldordan and Palestine.
out of the total available is less than 50%, which
means that almost 50% of the renewable waiekl Maghreb countries: Libya, Tunisia, Algeria,
resources are still unutilized. Nonetheless foollauritania and Morocco.
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& Nile Basin countries: Egypt and Sudan. well as in Syria and Iraq are the highest among
all Arab countries.
& Arabian Peninsula: Saudi Arabia, Kuwait,
United Arab Emirates, Qatar, Oman, Bahrai&Jordan and Palestine are the water poorest in
and Yemen. this region since they depend upon the Jordan
river and small quantities of rainfall and
& Sahel countries: Somalia, Djipouti and groundwater.
Comoros Islands.
Al Maghreb Region
Each of the above five regions has its distinct
hydrological characteristics that can briefly &&éll five Maghreb countries depend mainly on
explained as follows: rainfall and partially on modest groundwater
reserves.
Al Mashre* Region
Nile Basin Region
&Irag and Syria are partially dependant on the
Tigris and Euphrates rivers, originating frodéThe southern part of Sudan enjoys ample pre-
Turkey. The two countries have rainfall of rea<cipitation which can meet the prevailing evap-
sonable intensity and groundwater potential inorative demand; however, rain gradually van-
both countries is relatively high. Syria enjoysshes north of the capital Khartoum. Following
small flows caused by snow melt from thehe signing of the Nile Water Agreement in
peaks of some local mountains. 1959, Sudan and Egypt divided the average
natural flow at Aswan (84 billior3fyear) to
& Lebanon depends on a number of local riversne quarter for Sudan (18.5 billioR/year),
or rivers shared with one or more of the neighthree quarters for Egypt (55.5 billio?/year)
bouring countries. and the remaining 10 billion3fyear were left
to make up for natural evaporation from Lake
& The per capita shares of water in Lebanon ddasser.



CHAPTER 6 FRESH WATER

tually non-existent. The region depends for its
water needs mainly on the desalination of
water from the Gulf. Yemen is the only coun-
try in the Arabian Peninsula which depends on
rainfall and partially on groundwater.

Sahel Countries

& Somalia, Djibouti and the Comoros Islands are
all dependant on rainfall with modest potential
of groundwater.

The above brief description of the hydrological
situation in the Arab countries reveals a number
of important facts:

& The lowest vulnerability to climate change is in
the case of the Arabian Peninsula where the
internal renewable water resources in the
region at the present time are very limited.
Whatever happens is not going to reduce the
already very low internal renewable water
resources.

& The four countries largely dependant on river
flows originating outside their boundaries,
namely Egypt, Sudan, Iraq and Syria are not
only vulnerable to reduced or increased flows
caused by climate change, they are also vulner-
able to the actions taken by upstream riparian
countries which may affect river flows down-
stream.

& Al Maghreb countries are the most vulnerable
to climate change since they are almost fully
dependant on rainfall. Libya is an exception
with the Great Manmade River now forming
the major source of water to the country. The
river is fed by pumping water from the Nubian
Sandstone aquifer shared with Egypt, Sudan

& The natural flow of the Nile forms 95% of the and Chad. However, the life time of the proj-
Egyptian water budget, with the remaining 5%ect is only fifty years, after which the country
composed of minor quantities of rain which will have to find other alternatives.
falls on the coast of the Mediterranean and Red
Seas (about 1.5 billion3tyear) plus modest & Djibouti and the Comoros Islands are more
reserves of groundwater aquifers. threatened by sinking caused by sea level rise

than by high or low natural fresh water flows.

The Arabian Peninsula
& Jordan and Palestine possess at the present time
& This is the poorest region with respect to watethe lowest per capita share of water in the Arab
resources, where rainfall is rare by all standardsorld (100-200 fhper capita per year). The
groundwater either does not exist or hawulnerability of sharing their water resources
already been depleted and surface water is virith Israel which is expanding in terms of both
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space and population appears to outweigh theeived by most Arab scientists and fully appre-
vulnerability which might be caused by climatéted by all.

change.
IV" VULNERABILITY OF WATER
I1I" CLIMATIC OBSERVATION RESOURCES IN THE ARAB WORLD
IN THE ARAB WORLD TO CLIMATE CHANGE

The Arab region is the poorest area in the wolrhidour investigation of the vulnerability of water
with respect to the presence of climatic obsemesources in the Arab region to climate change, it
tion stations. The only cited stations are oneveds found more convenient to divide the region
the northern end of the Red Sea and two statiam® the following subdivisions:
on the coast of the Atlantic Ocean.
1. Mediterranean countries which include:
In the meantime, there is no local circulation Mauritania, Morocco, Tunisia, Algeria,
model that has been developed to predict the Libya, Egypt, Palestine, Lebanon, Syria, and
future situation in the region, predicted to have a Jordan. Mauritania and Jordan are included
greenhouse gas emissions-caused increase in slrecause of their close proximity to the
face temperatures and the consequent effects otMediterranean climate, especially with
spatial and temporal variability of rainfall and respect to the rain patterns. Turkey is includ-
runoff. The only model under development at ed as the country of origin of the Rivers
the present time is that prepared by the United Tigris and Euphrates which forms a major
Kingdom Meteorological Office for the purpose source of water to Syria and Iraq.
of predicting Nile flows under different climatic
scenarios. The model is developed by statisRcalEgypt and Sudan as the end users of Nile
and dynamic downscaling from a Global water, though Egypt also belongs to the
Circulation Model (UKMO) and is expected to  group of Mediterranean countries.
be in practical use during the coming 12 to 24
months. 3. Syria and Iraq as the end users of Rivers
Tigris and Euphrates.
The extreme event of the tropical cyclone Gonu
which hit the coast of Oman in 2007, the snod The Arabian Peninsula which includes Saudi
which covered the mountains of the United Arab Arabia, Kuwait, the United Arab Emirates,
Emirates, and the extremely low temperatures Qatar, Oman, Bahrain and Yemen.
which affected palm trees in the Arabian
Peninsula and Jordan, drew the attention of the Somalia, Djibouti and the Comoros Islands
Arab world to the risks of climate change, risks as African Sahel countries.
that might intensify in the future.
Each sub-division will now be discussed below.
In spite of the above, only few countries in the
Arab world have, in accordance with obligatioWslnerability of Mediterranean
to the UNFCCC, issued the first and secon@ountries to Climate Change
national communications and prepared a climate
change strategy or framework. The term Mediterranean climate has been used for
the characterization of other areas which are not
The coastal strip in the Arab world extends fonacessarily located on both sides of the
distance of 34,000 km from the Atlantic Ocedvlediterranean Sea. This climate is known for its
through the Mediterranean and the Red Seat and mild winters, and its dry and generally
(from both sides east and west). The Arabian ®aem summers. The Mediterranean Basin is con-
to the Gulf hosts millions of Arabs and a larg&lered a transitional region between mid-altitudes
number of development activities. The initiativand subtropical climate regions, with a division
of the Saudi King who allocated funds for thi@e moving seasonally across the basin. The
purpose of climate change research was Welliterranean Sea itself exerts important influ-
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ences on the environment, climate, economy andnerability of both agriculture and domestic
culture of the coastal areas providing them withwater uses to climate stress in the form of long
important source of moisture and a heat reservhot and dry spells was generated to identify areas
of high vulnerability. The results indicated that
The situation in the Mediterranean region is vaihe ecosystem of the Tensift River Basin is very
complex due to large differences between diffetnerable with various degrees of vulnerability
ent areas. While at its northwest coast populatiordifferent parts of the region.
growth has practically stopped, a two-fold
increase is expected in North African countrigbya has a prevailing Mediterranean climate
during the first three decades of tid@intury, and a geography characterized by coastal valleys
with an even larger growth taking place in Syaiad heights; rainy cold winters and dry hot sum-
and Palestine, adding more stress to the alreadys; as well as the seasons of spring and
scarce water resources. Global projections presmaioimn in which the khamasin winds D locally
remarkable agreement on the Mediterranezailed Gebli winds B blow. The country has rat-
region, where warming is expected to be larified a number of United Nations agreements
than the global average with a large percand protocols and is treated as one of the Less
reduction in precipitation and an increase Developed Countries in its mitigation and
inter-annual variability (Giorgi, 2006). adaptation measures to climate change. Water
resources in Libya are limited to rainfall in the
Global simulation can not be considered accunateth and modest quantities of groundwater in
for the description of the Mediterranean regidhe south. Continued abstraction of fossil
and downscaling by statistical methods agundwater will bring the countryOs aquifers to
dynamic models can, in some situations, be uaedate of low feasibility by 2050.
to provide better insight and give results with
higher precision. Development of a regiondlthe intensity of rainfall is reduced, as predict-
model simulation for the Mediterranean isd by many sources, then the country will have
presently missing and one needs to be madedrother option but to depend heavily on desali-
the future. Moreover, room should be left for difration or to import surface water from neigh-
ferent approaches such as statistical downscalnging countries. Both alternatives are fairly
and other techniques. costly especially as the country suffers a popula-
tion growth rate which ranges between 2.5 and
Lebanon, taken as one of the advanced coun®s
with respect to climate change research, disp&yéa is vulnerable to climate change because of
the following vulnerability issues (Assaf, 2009)he following reasons:

& Chaotic urbanization at the expense of foréstislore than 75% of the cropped area is depen-

and wood lands. dant on rainfall as the main source of water.
& Air, water and soil pollution. Therefore, fluctuation in rainfall affects rain-
& Increasing frequency of fires due to prolongef@d agriculture.
dry seasons. & Fluctuation of temperature affects crop yields.
& Change of water table level due to exces&iwecreased frequency and duration of droughts
pumping and quarrying activities. affect crop production and food availability.
& Overgrazing of rangelands.
& Land fragmentation. In Egypt, rain-fed agriculture is limited to the

north coast and is extended over a distance of
Morocco is another example of an Ardt200 km where modest precipitation of 100 B
Mediterranean country in which climate chan@®0 mm intensity falls every year, in particular
research is well advanced. The country has drging the winter months (December -
pared its First National Communication to th&ebruary). If this already limited amount of rain
UNFCCC, and is in the process of developimg reduced further, life in these regions will
the Second National Communication Report. become intolerable unless Nile water is con-

veyed from the east and west branches of the
A map of composite indicators representing thamietta and Rosetta branches of the Nile.
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If this solution proves to be too expensive, ttiependant on rainfall will be less affected; how-
only remaining option would be desalination ever, water has to be made available for areas
sea and brackish groundwater which might Wwhich are going to be indirectly affected due to
made cheaper if renewable energy (solar, wihdir dependence on other water sources inside or
wave) were used. Alternatively, atomic enermgytside the country.
which is a matter of controversy at the present
time, would be the ultimate resort. A problem common to all Arab countries located
on the coast of the Mediterranean is the possibil-
In general, almost all Arab countries located ipnof having coastal aquifers contaminated if the
the Mediterranean will be affected by climasea level is increased, particularly in low-lying
change at different levels. Countries which areas because of sea water intrusion. Coastal
more dependant on rainfall will certainly bequifers are very fragile systems of fresh water
affected most. Other countries which are léssses sitting above huge bodies of brackish water
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of relatively high salinity. Overexploitation dhe natural flow may fall to a mere 20% of the
fresh water lenses plus the expected intrusionsafal average. To a lesser extent, natural flow is
sea water in low-elevation areas will certaialgo sensitive to temperature variation, particular-
affect the use of these aquifers and possibly lgad the Equatorial Lakes and Bahr ElI Ghazal
to the pollution of soil as well. If parts of theub-basins. An increase of two degrees Celsius in
lands parallel to the sea shore are inundated, tieemperature might cause the natural flow to fall

it will not only be groundwater that is going to te 50% of the average in these two sub-basins.
affected, the whole landscape will be changed

with vast areas of land abandoned and large niilmese facts lead to the important conclusion that

bers of citizens displaced. Egypt and Sudan are both extremely vulnerable
to increased or decreased rainfall in the Nile
Nile Basin Basin as well as to increased temperature levels.

Both increased and reduced flows have negative
The Nile Basin is composed of three main sudffects on the two countries. If the natural flow is

basins: considerably increased, the storage capacity of
both water systems might not be sufficient to
& Equatorial Lakes sub-basin. accommodate these high flows which might
& Ethiopian plateau sub-basin. cause destructive floods. Even if the storage
& Bahr El Ghazal sub-basin. capacity is adequate, as might be the case in

Egypt, the conveyance and distribution network
Precipitation on the Ethiopian Plateau comesah canals and drains might not be sufficient. If
one season and takes around 100 to 110 dhgsopposite happens, i.e. natural flows are sub-
lasting from early June to mid-September. Th&antially reduced, the two countries will face
sub-basin is marked with steep slopes whitthughts that might not be tolerable.
cause heavy storms to erode vast areas of land. In
the Bahr El Ghazal sub-basin, land is fairly flgte application of Global Circulation Models on
and precipitation is spread over large areashefNile Basin flows resulted in variable figures
swamps and marches occupied by wild aninmler a very wide range. This uncertainty confirms
and aquatic plantations. The Equatorial Lakiee fact that regional or even local circulation
plateau is flat as well; however, the NileOs routedels are needed. Unfortunately these types of
allows water to flow downstream inside a regutazdels are not available at the present time. The
channel. Both the Bahr El Ghazal and Equatomally attempts cited are the series of studies car-
Lakes sub-basins experience two rainy seasi@usout by an Egyptian team of experts to use the
one of them is long (4-6 months) and the otheinited Kingdom Meteorological Office
is short (2-3 months). Circulation Model (UKMO) to produce a
regional model on the Nile Basin by downscaling
Research on the Nile Basin has proved that tiseng statistical and dynamic modelling. This
riverOs natural flow is very sensitive to precigitacess needs one to two years to be completed
tion which falls on the Ethiopian highlands. Aand the results would yield the highest accuracy
increase of 20% in precipitation may increase flessible using the best globally available tech-
NileOs natural flow at Aswan by 80%iques at the present time.
Conversely, if precipitation is reduced by 20%,
Vulnerability of Water Resources
in Tur*ey
THE WATER EXPLOITATION INDEX (WEI)
The Water Exploitation Index is a figure calculated by dividing In an interesting study on one of the major river
annual total abstraction of fresh water by the long-term aver-  basins in Seyhan, Turkey, a team of Japanese sci-
age freshwater resources. It is used as a measure of how sus- entists (Fujihara et al., 2008) explored the impact
tainable a country<s use of fresh water resources is in light of of climate change on the hydrology and water

water availability. flows of the river. A dynamic downscaling
method (pseudo Global Warming Method
Source: European Environment Agency PGWM) was used to connect the OUtpUtS of two

General Circulation Models (GCMs) namely:
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MRI-CGCM2 and CCRS/NIES/FRCGC- ty due to sea water intrusion.
MIROC under the SRES A2 scenario. Th€learly, increasing aridity reflects the influence of
downscaled data covered 10 year time stepsdonate change which is felt at a lower extent in
responding to the base (1990) and the futuhe Dead Sea area where the water level fell by
(2070). The simulation results for the futurmore than 100 meters due to excessive evapora-
were compared with those for the present. Tiien and decreased rainfall (Jorgensen, 2001). In
average annual temperature change in the fugereral, the Water Exploitation Index in most
relative to the present were projected to be =2r@b countries is in or close to the red: 83% for
@ and =2.7@ by MRI and CCRS, respectiveTunisia, 92% for Egypt, 170% for Palestine,
ly. Projected annual precipitation in 207600% for Libya, 50% for Syria, 25% for
decreased relative to base levels by 157 befanon, 20% for Algeria and 40% for Morocco
(25%) in MRI and by 182 mm (29%) in CCRS(Acreman, 2000). Results obtained from
The annual evapotranspiration decreased byHz8ICM2 (a well-recognized GCM) suggest that
mm (9%) in MRI and by 39 mm (10%) inrainfall is expected to be reduced in North Africa
CCRS. This is mainly because of the reductioraind some parts of Egypt, Saudi Arabia, Syria, and
soil moisture. Jordan by 20 to 25% annually. Temperatures are
expected to increase by 2-75near to the
The annual runoff decreased by 118 mm (52%9ast, the expected temperature increase will be
in MRI and by 139 mm (61%) in CCSR. Thelower (1.@). Winter rain (October-March)
analysis revealed that water shortages will wotld be decreased by 10-15% but would be
occur in the future if water demand does nivicreased over the Sahara by 25%.
increase. However, if the irrigated area is expand-
ed under the expectation of current natural floWpwever, since the existing rate of rainfall above
water shortages will occur due to the combirtihe Sahara is insignificant, the increase would be
tion of reduced supply and increased demandof insignificant order of magnitude (Ragab et al.,
This example is alarming to both Syria and 1ra§01). Added to the decline in rainfall, vulnera-
since both countries will certainly be affected tlity of imported water through the Nile, Tigris
water management regimes in Turkey. Wateard Euphrates to climate change is high; what
shortages in the upstream will no doubt havengght aggravate this vulnerability are the actions
negative effect on the downstream flows of th&en by upstream riparians to increase their own
Tigris and Euphrates Rivers. demand and/or change their water management
strategy.
Vulnerability of the Arabian Peninsula
to Climate Change
V" MITIGATION
The Arabian Peninsula is marked with extremely
high summer temperatures, low intensity of raidlthough the Arab countries are the worldOs
fall, and declining groundwater table levels daegest producers of fossil fuel, mainly oil, con-
to over pumping and obviously high evapotrasumption by the region is lowest in the world.
spiration rates. The area has more than half of The reason is that the industrial base in almost
worldOs proven oil and natural gas reserves vitih countries is still juvenile. Most of the
enable most of its countries to adopt state of tegionOs energy is used for household consump-
art international technology in the desalinatidion, mainly lighting, cooling and the operation
of sea water. of household appliances.

However, oil and natural gas reserves are not pkee-second main energy consuming sector in the
manent and the region is under the threat of h@&rab countries is the automobile sector.
ing climate change exacerbate the already Ihglwever, the contribution of the region to
temperatures and low rainfall. Groundwater greenhouse gases especially carbon dioxide is very
most of the countries in the region is not renemodest and does not exceed 5% of total world
able according to many sources and, thereferajssions. Nonetheless, some of the Arab coun-
continuous abstraction increases water taibies are observing the requirements of the inter-
depth and in some cases deteriorates water goational community concerning the reduction of
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greenhouse gases emissions and have taken mmé@-stress. Water quality should also be main-
tives in this area. Some of these measures artined at higher levels by preventing contamina-
Converting petrol-operating vehicles to natuttédn through sea water intrusion.
gas.
In addition to the above general water saving
& Use of solar and wind energy as a substituten@asures, a number of country specific steps have
thermal and steam power plants. to be taken according to each countryOs needs
and requirements. Some specific examples are
& Reduction of the emissions of methane gasoloyiined.
reducing rice cultivation and livestock manure.
For example, the Egyptian Second National
&Promotion of the Clean DevelopmenCommunication, in 2009, calls for:
Mechanism (CDM) which enables developing
countries to obtain technical and financial su@-Adaptation for uncertainty: this includes
port from industrial countries and to raise thechanging the operation of the Aswan High
capacity of individuals to reduce greenhous®am by lowering the storage water level and,
gas emissions. thus, allowing more space to receive higher
floods and reduce evaporation from the
& Termination of all sources of subsidies on thexposed water surface at the same time, and
prices of fossil fuel. increasing the irrigated area in the case of high
floods.
& Application of carbon taxes on activities that
result in the emission of greenhouse gases u&iAdaptation to increased inflow by providing
the OPolluter PaysO principle. additional storage structures upstream of the
Aswan High Dam in order to reduce the risk of
& Arranging for national awareness campaigns diooding downstream.
the impact of climate changes targeting school
and university students, as well as the gen&ratlaptation to inflow reduction by applying the
public. strategies stated in the countryOs National
Water Resources Plan (NWRP) which can be
categorized into three main parts: (i) optimal
VI" ADAPTATION use of available resources; (ii) development of
new resources; and (iii) water quality preserva-
The Arab world will face not only increasingtion and improvement.
temperatures but, more importantly, also disrup-
tion of the hydrological cycle, resulting in le&Minimizing water losses.
and more erratic rainfall that will aggravate even
further the already critical state of water scaréit¢hange of cropping patterns.
and difficulties with water allocation among dif-
ferent development activities. &Increased reuse of land drainage, treated
sewage and industrial effluent.
Most poor residents of rural areas will suffer and
will require a range of coping strategies to h&lpPesalination of sea water and brackish ground-
them adapt to climate change. Strategies willvater.
include diversifying production systems into
higher value and more efficient water u$be Lebanese Ministry of Agriculture, as anoth-
options. Improved water use efficiency can dreexample, has adopted the following adaptation
realized by following supplementary irrigationeasure (Assaf, 2009)
techniques, adopting and adapting existing water
harvesting techniques, conjunctive use of surfaddatural adaptation where vegetation and
and groundwater, upgrading irrigation practiceswildlife may acclimatize if climate change is
on the farm level and on the delivery side, angtill within their range of tolerance.
development of crops tolerant to salinity and
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& Cultivation of drought-tolerant crops. health, environment, housing and utilities.

& Reduced habitat fragmentation by means &Combine policies of climate change in the
corridors and connections between differenhational policy and update supporting legisla-
areas. tion.

& Rationalized water and land use to protect w&tEducation and public orientation programs.
lands and riparian habitats. Data collection, exchange and analysis.

& Increased area and number of protectorates& Study of the extent of exposure of the country
to climate change.
& Rational use of renewable and non-renewable
water resources through the adoption of mod-
ern irrigation techniques as a substitute to t#i#" CONCLUSION
conventional systems in the irrigated areas. AND RECOMMENDATIONS

The Sudanese authorities have adopted the Tole Arab world is located in one of the most arid
lowing strategies (Babikr et al., 2009) in theireas of the world. The area of Arab countries
plans to adapt to climate change: contains almost 10% of the worldOs dry land,
while the regionOs population is only 5% of the
& Capacity building of relevant stakeholders foorld population. Alarmingly, water resources in
better understanding of climate change sceriae- Arab countries are very limited, making up
ios and risk analysis. only 1% of the worldOs renewable fresh water.
Almost two thirds of water in the Arab world
& Public awareness on climate change issuesoaigthates in non-Arab countries miles away.

implications. Almost 80% of water resources are used in the
agriculture sector which consumes vast amounts
& Crisis management. of water due to severe climatic conditions. Fast

growing population and the need to raise peo-
& Technology transfer including modern irriggpleOs standard of living increase water consump-
tion systems, water harvesting, desalinatiban dramatically. The expected effects of climate
water transport and recycling of waste watechange might aggravate the situation by reducing
river flows and rainfall as well as deteriorating
& Afforestation and reclamation of marginal amggoundwater quality.
waste land.
Mitigation of the causes of climate change
& Utilization of cost-effective environmentincludes: less and efficient consumption of fossil
friendly energy. fuel, more production of renewable energy and
more cultivation of forestry and green areas.
& Combat desertification and land degradation.
Sustainable and integrated water resource nmfsgeptation measures include: protection of low-

agement. lying lands and river deltas from inundation and
sea water intrusion, change of cropping patterns,
& Construction of water storage facilities. adoption of water saving techniques and introduc-

tion of integrated water resource management.
& Establishment of climate proof projects.
Finally, Arab countries have to reconsider water
Libya places more emphasis on the followiaigpcation among different development activities
points: where water use efficiency represented by pro-
duction per cubic meter of water overrules pro-
& Preparation of an inventory of activities leadidgction per unit area of land, i.e., optimization
to the emission of greenhouse gases includihgvater use which gives maximum economic
the energy, transport, industry, agriculturegturn per unit volume of water.
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I" INTRODUCTION Mediterranean (WHO/EMRO, 2008a) the
region is Oone of the most vulnerable regions to
Climate change is an emerging risk factor cimate change because of its arid nature and
human health. According to thereliance on rain-fed food production® and
Intergovernmental Panel on Climate Changecause of the endemic nature of many diseases
(IPCC), the scientific body of the Unitedand health problems which are sensitive to pover-
Nations Framework Convention on Climatéy and climate change, making the impact on this
Change (UNFCCC), the health effects can begion greater than that on the world as a whole
direct such in the case of extreme weather evéRtmkhauser and Tol, 1997).
like storms, Ofloods, and heat waves, or indirect
such as Othrough changes in the ranges of di¥é@sechapter reviews the impact of climate
vectors (e.g., mosquitoes), water-borokange on human health in general, with a focus
pathogens, water quality, air quality, and fooe the Arab world. It also suggests selected adap-
availability and qualityO (IPCC, 2007). tation practices within the context of regional
resources and constraints.
The actual health impacts, however, are not uni-
form across countries and regions. They vary in
extent and nature depending on local envirdii-HEALTH IMPACTS
mental conditions, socio-economic circun®F CLIMATE CHANGE
stances, and the range of adopted social, institu-
tional, technological, and behavioural measufég study of the impact of climate change on
(IPCC, 1998; Patz and Kovatz, 2002; WHealth is rather challenging. In few instances,
2007, WHO, 2008a). This is reflected in théealth problems be it death or injury can be
World Health Organization (WHO) estimationdirectly linked to climate or weather changes such
of the contribution of climate change to the globs drowning due to floods or heatstroke due to
al burden of disease measured in disabilitgat waves. Even this can be considered as a cycli-
adjusted life years (DALYs). The Arab regioal variation in weather or climate, especially since
comprises 22 different countries, with the majonany natural calamities have been reported in
ity falling under two WHO sub-regional grouppast history. The challenge is even bigger when
ings. The Eastern Mediterranean Sub-Regiodirect health effects are considered. For exam-
(EMR-D), which includes Afghanistanple, malaria-ridden countries might be at a higher
Djibouti, Egypt, lrag, Morocco, Pakistanrisk if the mosquito zones expand or the mosqui-
Somalia, Sudan, and Yemen, is estimated to tosditing season becomes longer because of
213 DALYs per 100,000 people as comparedroreased warmth or shorter cold seasons. The
14 DALYs/100,000 for EMR sub-region Bsame is true of mortality and morbidity due to air
which groups Bahrain, Cyprus, Iran, Jordapollution where climate change adds insult to
Kuwait, Lebanon, Libya, Oman, Qatar, Saudijury for overcrowded cities dependent on fossil
Arabia, Syria, Tunisia, and the United Ardiel for energy or transportation. Hence, the
Emirates. Three Arab countries, Algeristudy of the health impact of climate change is dif-
Comoros and Mauritania are classified under fleallt on country or sub-regional level. Reports
Africa sub-region AFR (D). AFR (D) is estimathat succeeded in confirming this relationship
ed to lose 207 DALYs per 100,000 people for ¢clave in most cases zoomed out and looked at
mate change (WHO, 2002). wider geographical areas. This has not happened
yet in the Arab world. In fact, studies on the topic
Is it climate change? Is it poverty? Or is it the voi- climate change and human health in Arab
nerability of poor countries to climate change@untries are rare if not almost nonexistent. The
Most probably it is a combination of these factdesv potentially relevant published studies that
which explains the wide range of the global ea@re identified were reviewed to provide regional
nomic value of loss of life due to climate chardgga and indirect evidence. Although clear associ-
(US $6-88 bhillion, in 1990 dollar prices) aations between health and climate change have
reported by the IPCC. The impact is projected tmt been established through research, there are
be greatest in low-income countries. Accordisgme obvious potential effects of climate change
to the WHO Regional Office of Easterron health in the region.
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Box on page 90 presents a summary of the heafthortant threat to health. Mortality and mor-

impact of climate change in Arab countries basedity due to heat stress are expected to rise, espe-

on their national communication reports. The fotially among particularly vulnerable infant and

lowing sections review in detail two examplesotder populations.

direct effects of climate change on human health

(heat waves and floods) and two examples of idditime-series analysis study (El-*ein and

rect effects (air quality and infectious diseases)Tewtel-Salem, 2004) of mortality and air tem-
perature in Greater Beirut, covering the period

Direct effects of climate change on between 1997 and 1999, reported a significant
health association between temperature and mortality.
The authors concluded that heat-related mor-
i/ Heat 'aves and heatlrelated impacts on tality may constitute a significant public health
health concern even in temperate to warm climates.

These results were reinforced in another study
Health effects associated with exposure bipthe same authors (El-*ein et al., 2004). A
extreme and prolonged heat appear to be relatechber of other studies from the region have
to environmental temperatures above thosef@aocused on heat-related morbidity. A clinical
which the population is accustomed (McGeelstudy from Kuwait (Al-Tawheed et al., 2003),
and Mirabelli, 2001). Elevated temperatures daovering the period between 1998 and 2001,
ing summer months are associated with exassved an increase in cases of anuria (kidney
morbidity and mortality. Exposure to extremghutdown- no urine) in hot weather. Makhseed
and prolonged heat is associated with heatl. (1999), also in Kuwait, reported that the
cramps, heat syncope, heat exhaustion, and heatdence of pregnancy-induced hypertension
stroke (McGeehin and Mirabelli, 2001). was highest in June (summer) and lowest in

March (winter). They attributed this finding to
Heat waves in certain areas around the globe ligh temperature and low humidity, although
be hotter, more frequent and longer (IPCGhe results were not conclusive. In Abu Dhabi,
2007). The IPCC Fourth Assessment Rep@hanks et al. (2001) showed that temperature
predicts that the temperature in the Eaahd humidity are strongly correlated with the
Mediterranean Region will increase by 1-20 riimber of heatstrokes dealt with at the hospital
by 2030-2050. The frequency of very hot dagesergency unit. Maximum temperature alone
and heat waves in the East Mediterranean regi@s a better predictor of heatstroke than maxi-
will increase (WHO, 2008a), presenting amum humidity alone.
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CLIMATE CHANGE AND HEALTH IN ARAB COUNTRIES AS REPORTED
IN NATIONAL COMMUNICATIONS SUBMITTED TO THE UNFCCC

Most of the Arab states have published nationaland indirect adverse impacts on human health in the
reports on the adverse effects of climate change incountry. Direct impacts of climate change on human
response to the re6uest of the "nited Nations health include physiological disorders, skin cancer,
Framework Convention on Climate Change )"NFC- eye cataracts, damage to health infrastructures,
CC*. Climate change is projected to increase healthdeaths and injuries and heat strokes. Indirect impacts
related problems in the Arab region. include factors like demographic displacements,
social, economic, ecological and air pollution
Climate change is projected to induce sea level riseimpacts.
and coastal flooding which will affect human settle-
ments and infrastructure in low-lying coastal areasElevated ambient temperatures and humidity are pro-
such as in Bahrain, Djibouti, Kuwait, Libya, "nited jected to increase vector-borne disease such as
Arab Emirates, Egypt, Comoros, Lebanon, Tunisiamalaria. Sudan, $emen and Comoros report intensi-
Morocco, and Saudi Arabia. Comoros<s initial nation- fication of malaria whereas Lebanon reports
al communication report to the "NFCCC reports an increased malaria incidence. Additionally, a projected
expected collective food poisoning attributable to increase in water-borne diseases such as diarrhea,
increased consumption of toxic marine organisms.typhoid and hepatitis A is reported for Lebanon.
Water availability is expected to decline in the regionRainfall decrease and increase in temperature will
particularly for a number of countries including increase air pollution and conse6uently cause an
Bahrain, Sudan, Djibouti, Tunisia, Algeria, Morocco, increase in respiratory illnesses among urban popula-
Jordan, Syria and the "nited Arab Emirates. Water tions, particularly in Egypt, Lebanon and the "nited
scarcity and damaged infrastructure is expected toArab Emirates. Elevated temperatures could increase
inflict major health problems such as increased risk ofthermal stresses and extreme weather disasters result-
cholera, predicted for "nited Arab Emirates, and ing in increased death and injury rates. Desertification
dysentery. Reduction in water availability will lead tois predicted for northern parts of Sudan, Morocco and
reduced food productivity. Reductions in crop produc- Saudi Arabia. Increased sand storms would have neg-
tion in Bahrain, Comoros, Morocco and Saudi Arabia ative impacts on health. In Comoros, increased inci-
would increase the potential risks of malnutrition anddence of cyclones, storms and flooding would cause
hunger for millions. the destruction of 17 health centers and 35 nursing
stations. Kuwait, Libya, Syria, Oman and (atar have
Egypt<s initial national communication to the "NFC- no national reports on the adverse outcomes of cli-
CC reported that climate change will have both direct mate change.

Sources: WHO/EMRO 2008a= "NFCCC 1997, 1999a, 1999b, 2001a, 2001b, 2001c, 2001d, 2003a, 2003b, 2005a, 2005b, 2007, 2008

i/ Hurricanes and floods high risk of malnutrition, diarrhea and other

water-borne diseases, and diseases caused by
Hurricanes and associated floods, such as harowding and lack of hygiene (WHO, 2007).
cane Katrina in the US in 2005, are expectedRopulations with already Opoor sanitation infra-
become more frequent globally and mosg&ucture and high burdens of infectious disease
intense with climate change. According to leadten experience increased rates of diarrheal dis-
ing reinsurance companies, it was found temtses after flood eventsO (IPCC, 2007). In the
natural catastrophes have tripled in the last 1980s, such events killed 692,000 and affected
years (WHO, 2003). These natural catastrople84 billion. In the 1990s, these events killed
claim the lives of many people and injure a 821,000 and affected 1.85 billion (WHO,
more. In addition to these direct effects @003). In some regions of the world, floods and
health, floods displace people, destroy th&iorms have become a major cause of death. In
crops, and temporarily disrupt their livelihood$999, 30,000 died from storms followed by
In other words, victims of such floods are faods and landslides in Venezuela.
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OThe predicted trend towards increasingly v&i-more concern and relevance lately are the
able rainfall is likely to increase the risk of weatkielone (Gonu) that hit Oman on June 6, 2007
er-related natural disasters, such as floods... dnibthe floods that affected Yemen (Hadramout)
possible that climate change may also changertt2)08. The Cyclone Gonu in Oman was con-
frequency of other weather disasters, suctsidsred one of the strongest in the Arabian Sea.
wind storms, but there is less agreement abdatording to the Oman News Agency
the nature and magnitude of change. Continuif@ssociated Press, 2007), the cyclone killed 49
sea level rise will also contribute, by makipgople in the country and around 20,000 people
unprotected low-lying populations increasinglyere affected. According to the World Health
vulnerable to coastal floods...0 (Campb@®kganization (2008b) the floods in Yemen on
Lendrum and Woodruff, 2007). October 24-25, 2008, left 180 dead and 10,000
displaced. The floods destroyed 2,000 homes,
In the Arab region, we occasionally learn oflamaged water supply networks, and interrupted
local flood or landslide due to heavy rainfadiccess to telephones and electricity.
These events cannot be directly attributed to cli-
mate change but obviously warn us of the devasirect effects of climate change on
tating effects of floods if they happen at a largeglth
scale. For example, on 16 May 2007, a flood dev-
astated several villages in the Bekaa regioithia effect of climate change on existing environ-
Lebanon. Crops were destroyed and people haahtal and public health problems is difficult to
to leave their houses because of high water ledisisern. The challenge is to identify the Oaddi-
There were no follow up reports on the healtiignality®, i.e., the increase in health problems
wellbeing, and livelihood of the displaced peofii@t can be attributed to climate change as an
which is not atypical in many developing couandditional risk factor. This requires advanced
tries. In addition, there is no proper researchaord far reaching research agendas and tools. Not
documentation in most Arab countries on thauch is known about the OtraditionalO risk factors
frequency or intensity of such events. Mappiagd causes of many public health problems in the
the effects of a given event may also be usefdlrab world, let alone the additional effect of cli-
identifying current and future populations anate change. The Arab world unfortunately
risk. Maps of flood risk zones can be eventuadlynains one of the least published globally and, if
prepared and populations at risk can be warpedblished, in journals and reports that are not
in time. easily accessible by internet or recognized data
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studies which linked climate change to a wider
spread of allergenic manifestations and the
increase of reported asthma cases in affected areas
(IPCC, 2007). Increases in &€€oncentrations

and in temperatures were associated with an
increase in ragweed pollen production and the
prolongation of the ragweed pollen season. Dust
from Africa has been transported across the
Atlantic as far as the Caribbean, where a dramat-
ic increase in asthma cases has been reported as a
result (Shinn and Griffin, 2003). It was report-

ed that numerous species of bacteria and fungi
well known to cause allergic reactions, pul-
monary infections, or skin infections have sur-
vived the transatlantic transport (Shinn and
Griffin, 2003).

bases. For instance, Lebanon still lacks air qudie above findings have serious implications for
ty monitoring programs which hampers araimost all Arab countries which are in geographic
attempt to look at trends in air pollution or tgroximity to deserts or are known for their large
critically examine its causes. In addition, envirateserts such as in North Africa and the Gulf
mental and public health problems are the ouégion. Changing wind patterns, under certain
come of the failure of a complex web of politicatmospheric conditions, can contribute to the
policy, social, economic, and physical (envirdong-range transport of desert dust and mould
mental) determinants. In spite of this, it is crucigppores. This can occur over time-scales typically
to document what we know and anticipate tloé 4-6 days, which can lead to adverse health
potential added effect of climate change. impacts. Interestingly despite the dearth of stud-
ies in this field, four out of five identified studies
This section will review the impact of air qualityere conducted in Arab countries with deserts and
and infectious diseases on health and the pofesguent sand storms. Al-Frayh et al. (1988) ana-
tial contribution of climate change to both issudgzed house dust samples in Riyadh and reported
the presence of different types of fungal spores,
Air <uality among which many species are known to be aller-
genic. Hasnain et al. (1989) identified 32 generic
Air quality, measured using multiple indicatorsategories of allergenic fungal spores in the atmos-
is primarily determined by the contribution ophere of Riyadh. Of these, Cladosporium was
different mobile (transportation) and fixed (gefeund to be highest in concentration. The concen-
erators, industry) sources of pollutants. Thistigtions of these spores are also seasonal with an
further affected by the weather elements inclintrease in warmer months and a decline in win-
ing temperature, humidity, and wind. Hence, ter. Some indoor air pollutants identified in this
is obvious that climate change will have a dirsteidy were also linked to asthma. Later, Kwaasi
impact on air quality and consequently on t#998) found that sandstorm dust is a Oprolific
health of exposed populations. This sub-sectsmurce of potential triggers of allergic and non-
will focus on three indicators of air qualityallergic respiratory ailmentsO in Riyadh. Griffin
aeroallergens, ground level ozone, and suspe(¥l’) reported an increase of 100% in the num-

particulate matter. ber of colony-forming units (CFU) over back-
ground levels during dust storms in Saudi Arabia.
il Aeroallergens Dust storms and humidity were among several

environmental risk factors associated with the
Weather determines the direction and magnitugievalence of asthma in a cross-sectional study of
of winds and consequently the presence, tré8&0 schoolchildren in the United Arab Emirates
port, and dispersion of dust aeroallergens. TtBener et al., 1996). A similar kind of study was
has been documented around the world in masgnducted in Beirut by Al-Ajam et al. (2005) who
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reported a seasonal pattern of mucormycosigha Arab region is not exempt from this increase,
rare fungal infection caused by Mucorales furegpecially in light of the increased use of fossil
in 15 out of 16 cases of invasive mucormycofigls and population growth in the Gulf coun-
Weather patterns analysis, including temperattries. Arab cities, especially those with hot cli-
and rainfall, revealed clustering of cases at theraates and frequent urban heat islands, are most
of the dry period of September to Novembékely to be affected. Populations of these cities
rather than the period of May to July where tewould probably witness increased respiratory dis-
peratures are most favourable to Mucorales. Elases as well as increased mortality and morbidi-
authors noted that this is a regional finding (Al¢ as a result of prolonged exposure to tropos-

Ajam et al., 2005). pheric ozone. Research on the effect of tropos-
pheric ozone on human health in the Arab region
ii/ Other air pollutants is quasi-absent. Hence, the Arab region has to

base itself on currently available international
The WHO reports that over 1.1 billion peoplenodels and develop its own in such a way to deal
live in urban areas where outdoor air is unhealifith the many uncertainties that face this issue.
to breathe. These conditions worsen under cCEnese uncertainties include the extent of future
tain weather patterns which enhance the forneaissions of ozone precursors, the degree to
tion of urban heat islands which in turn lead tehich future weather conditions could increase
elevated levels of certain pollutants (Morris amzbne concentrations levels, assumptions of pop-
Simmonds, 2000; Junk et al., 2003). Two typegation growth, energy use, economic develop-
of air pollutants will be considered in the follownent, regulations, and the implementation of
ing subsections: ground level ozone and suspémese regulations.
ed particulate matter.

b/ Suspended Particulate Matter
a/ Ground level o4one

Suspended Particulate Matter (SPM) consists of
Photochemical smog (brown-air smog) is a mixvariety of solid particles and liquid droplets
ture of primary and secondary pollutants formethall and light enough to remain suspended in
under the influence of ultraviolet (UV) radiatiothe air for long periods. They are well known to
from the sun. Consequently, hotter days prfect morbidity as documented in more than
dominantly lead to greater levels of troposph&t@0 studies published in the last 15 years
ozone (@), in addition to nitrogen dioxide (American Lung Association, 2004). The most
(NO,), peroxyacyl nitrates (PANs), and other darmful forms are fine particles (with an average
pollutants. In urban areas, traffic exhaust is tiameter of less than 10 micrometers) and ultra
key source of nitrogen oxides and volatile orgfine particles (with an average diameter of less
ic compounds (VOCs). Temperature, windhan 2.5 micrometers) which if inhaled can reach
solar radiation, atmospheric moisture, ventitige deep parts of the respiratory system (bronchi-
and mixing are all factors affecting the emiss@as and alveoli). Adverse effects include damage
of ozone precursors as well as the productionoahe lungs, irritation of nose and throat, aggra-
ozone (Nilsson et al., 2001a,b; Mott et alation of asthma, and bronchitis. Toxic particu-
2005). Since its formation depends on sunlighates, such as lead, polychlorinated biphenyls
ozone concentrations are typically higher in tfRRCBs) and cadmium, can lead to gene muta-
hotter summer months. Tropospheric ozori®n, reproductive problems, and cancer. In the
concentrations are projected to increase wotlkBA, SPM is responsible for 60,000 - 70,000
wide (Prather et al., 2003) and concentrationspsémature deaths a year (EPA, 1999a,b).
ground-level ozone are increasing around the
world (Wu and Chan, 2001; Chen et al., 2004Jsing a modelling approach, Jacobson (2008)

compared the health effects of preindustrial ver-
Exposure to elevated concentrations of ozonsuis present-day atmospheric concentrations of
associated with increased hospital admission€f0s The study suggested that increasing con-
pneumonia, asthma, allergic rhinitis, other respentrations of C&led to the increase of tropos-
ratory diseases, and premature mortality (Ebi gineric ozone and PM2.5, which increased mor-
McGregor, 2008). tality by 1.1% per degree temperature increase
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over the baseline. It was found that 40% of tmsaking their reproduction and survival highly
increase was attributable to tropospheric ozdependent on fluctuations in climate (Saab,
and the rest to SPM. 2009). This section will focus on vector-borne
infectious diseases transmitted by arthropods,
Despite the known effects of ozone, SPM, asdch as mosquitoes, ticks, sandflies and black-
other temperature-enhanced air pollutants fires, and rodents. These morbidities are climate-
human health, research relating to this topic is f#éhsitive and are the most studied in terms of
scarce in the Arab region. Anwar (2003) pointsredation with climate change. Other infectious
air pollution as one of the most important healtliseases such as cholera and other water-borne ill-
and environmental problems in Cairo. Theesses are not covered in this section. These ill-
Egyptian Environment Affairs Agency (EEAAesses are also sensitive to climate change mostly
reports that air pollution is responsible for an avéue to lack of access to water and deterioration in
age of 3,400 deaths each year in Cairo, in additiprality of drinking water.
to about 15,000 cases of bronchitis, 329,000 cases
of respiratory infection, and a large number ibMalaria
cases of asthma (UNEP, 2007). Increased air pol-
lution is also observed in the main cities bfalaria is endemic to nine countries of the
Algeria, Jordan, Lebanon, Morocco, PalestiéHO Eastern Mediterranean Region, but with a
Tunisia (IPCC, 2007). low risk of transmission in the majority of the
countries. In 2007, the estimated annual number
Saliba et al. (2006) evaluated the variation of@firmalaria cases in the Arab countries of the
quality indicators such as CO, ,S@; and region was about 3 million, with the majority of
PM10 over the city of Beirut. Monthly conceneases reported in Somalia, Sudan, Yemen and
trations for ozone (reported as 23\g m-3 in wijibouti (WHO/EMRO, 2007).
ter and 34 \g m-3 in summer), CO, and SO2
were found lower than the United StateSudan has the highest burden of malaria in the
Environmental Protection Agency (EPA) aWHO Eastern Mediterranean region with 2.5
quality standards whereas PM10 levels wmiion cases and 37,707 death cases reported for
found to be higher. Vehicle-induced emissi@®06 (WHO/EMRO, 2008b). Children and
and winter heaters were the main sources for plegnant women are at a higher risk of contract-
vated CO and SPQlevels respectively whereasg malaria. Pregnant women are susceptible to
elevated PM10 and;(Qevels were the result ofmalaria with adverse outcomes of low birth
several local and long-range transport phenomeight, maternal anemia and abortions (Adam et
na. al., 2005; WHO, 2008c). Yemen ranks second
among Arab countries in incidence of malaria
Climate change is expected to exacerbate air gHO/EMRO, 2008b). Al-Taiar et al. (2006;
lution in the region. Hence, research on tt&08) report that severe pediatric malaria, which
potential effects of climate change on air qualis/endemic to the coastal plain as well as to the
and consequently on human health, is neededhiland mountains, is a substantial burden to
the Arab world. health services in Yemen.

Infectious diseases Malaria has long been studied and it is known
that Ogeographical diversity determines malaria
Infectious diseases are major causes of deathvyatisghility in terms of endemicity, intensity of
ability, and social and economic disruption foransmission and  type of  malariaO
millions of people around the world (GlobgWHO/EMRO 2008b). Climate change is pro-
Health Council, 2009). Between 14 and 17 milected to influence the geographical distribution
lion people die each year due to infectious disd intensity of transmission of malaria, due to
eases - nearly all live in developing countigeanging patterns of rainfall, humidity and par-
(WHO, 2002). Evidence on the associatioisularly seasonal variation of temperature (Sachs
between climatic conditions and infectious dsad Malaney, 2002; IPCC, 2007). As an exam-
eases is well established (WHO, 2003)e, the falciparum malarial protozoa takes 26
Infectious agents lack a thermostatic mechanidays to incubate at a temperature of 25@C, while
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at a temperature of 26@C this same protozoa takésoughout the tropics and subtropics threat-
only 13 days to incubate (Epstein 2004). A 2006ening approximately one-third of the worldOs
study done in East Africa has revealed that a 3%opulation. Its transmission increases with
increase in temperature in a certain region carnigh rainfall, high temperature, and even, as
mean an increase of 30-40% of mosquito abunsome studies show, by drought (IPCC, 2007).
dance (Khamsi, 2006). - Cutaneous leishmaniasis (oriental sore or
Aleppo Boil): The distribution of the phle-
Malik et al. (1998) report that in the southwest- botomine sandfly vector responsible for the
ern part of Saudi Arabia transmission of malarianfection with cutaneous leishmaniasis has
occurs throughout the year with peaks associatechanged in the past years. Other sandflies have
with the rainy season and hot summers. Al-also re-emerged in certain parts of the world
Mansoob and Al-Mazzah (2005) investigated the(IPCC, 2007).
role of climate on the malaria incidence rates in
Yemen. They found significant associationsSchistosomiasis (Bilharziasis): This is a visceral
between climatic factors such as temperature, reparasitic disease caused by blood flukes of the
ative humidity, rainfall volume and wind speed genus Schistosoma. The schistosomes that
with incidence of malaria. Similarly, Bassiounyaffect humans are trematodes and they require
(2001) reported that favourable meteorologicalfreshwater snails as intermediate hosts.
conditions (i.e., optimum temperature and rela- Schistosomiasis also may be affected by climat-
tive humidity) led to the prolongation of the ic factors, and there is some evidence that the
malaria transmission season to 8 months a year iBfreeze line® has moved towards the north due
Fayoum Governorate in Egypt. Hassan et alto warmer temperatures (IPCC, 2007). This
(2003) confirmed these results and reported howwas supported by Malone et al. (1994) who
ever that the most important predictor of risk in used temperature data from satellite imagery to
the Fayoum Governorate is hydrogeology. Theshow that the range of S. mansoni in the Nile
study reported the spread of specific anophelegelta, Egypt, is expanding in the southern delta
vectors in areas where they were previouslglue to new irrigation channels, a more reliable
absent. water supply and the physical-chemical stabili-
ty since the completion of the Aswan Dam.
In New Halfa, Eastern Sudan, a time-series analyFhese changes have all provided a better fit to
sis study (Himeidan et al., 2007) showed thatthe hydrologic niche of the parasite. Moreover,
temperature and rainfall are driving forces of thethe Bulinus truncates snail, which is the inter-
spatial distribution of the malaria vector mediate host of S. haematobium, is now able
Anopheles gambiae. In northern Sudan, survey® tolerate several months of drought and high
of breeding sites of the Anopheles arabiensiemperatures. The correlation between the
revealed a seasonal pattern for the larval populaensity of Bulinus truncates with weather vari-
tion which appeared to be linked to the rise andations was monitored by Khallaayoune and
fall of the Nile River level (Ageep et al., 2009).Laamrani (1992) in the Attaouia area in
Similarly, Hamad et al. (2002) reported seasonaMorocco. It was shown that snail populations
transmission of malaria in Eastern Sudan, increadellowed a cyclical pattern where high density
ing with onset of rainy season and high humidity. occurred in summer. Temperature was consid-
ered to be the most important factor that influ-
ii/ Other infectious diseases enced the fluctuations in snailsO populations.
Moreover, snails during the year of study
Other infectious diseases transmitted by vector§1987) were active throughout the year, due to
are also sensitive to climatic changes. The followthe fact that the mean daily temperature was
ing are such examples: above 1@ throughout the year.
Observations on the pattern of snail infection
- Dengue (Breakbone or Dandy Fever): This isrates showed that the maximal rate of infection
an acute febrile disease caused by a flavivirusappened in summer where the mean daily
which is transmitted by the bite of previously temperature was high and contact with water
called Aedes mosquitoes (now namedmost frequent (Khallaayoune and Laamrani,
Stegomyia aegypti). Dengue is endemicl1992).
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- Diseases transmitted by rodents: These itngness to take appropriate action. Individuals
tend to increase during heavy rainfall amdn reduce their exposure by adjusting outdoor
flooding because rainfall and flooding increassivity, modifying indoor air temperature, or
the number of rodents. A good illustratiodressing properly. In the case of other hazards or
would be the Hantavirus Pulmonargeographic contexts, such as floods, community
Syndrome (IPCC, 2007). awareness and preparedness becomes very impor-

tant if it is technically or financially difficult to
construct flood embankments or create new flood

III" ADAPTATION PRACTICES overflow routes.

The vulnerability of human health to climaté is necessary that Arab countries implement
change is a function of three factors: sensitivitgasures at the country and regional levels in
which is a measure of the extent to which heaftbplic health preparedness to face such calami-
natural systems, and social systems are sensitfiestdn fact, such measures are still a priority to
climate change as well as the characteristics athtiseegion regardless of climate change consider-
population; exposure to climate related hazamsns. A preparedness plan must address the
and adaptation measures which are the meadhreg phases of a disaster: pre-disaster phase (e.g.,
applied to reduce the burden of a specific advengiggation; awareness; warning systems), disaster
health outcome. Arab countries may be low dirptiase (e.g., response; health care facilities), and
contributors to climate change but they are @ast-disaster phase (e.g., rehabilitation; long term
high risk of its consequences, especially asnfiact; evaluation). At a minimum, the elements
relates to health risks. Consequently, Arab coafh-a public health preparedness system must
tries must take adaptive measures to reduceiribkide the following:
burden of disease or other related negative health
outcomes related to climate change (Kovatsiadard mapping
2003). Those populations who do not or cannot
adapt will be the most vulnerable to climafhis is a crucial element of any preparedness plan
change. where at-risk areas and vulnerable populations are
clearly mapped. At-risk areas include arid lands,
Mitigation measures are implemented at multigleastal cities prone to sea-level rise, areas around
levels to prevent OdisastersO or minimize dheis and irrigation projects, and overcrowded
impact. In the case of heat waves, for exampites. Vulnerable populations include poor peo-
mitigation measures include adopting buildinge who most likely have poor health with high
designs that take into consideration future héafiant mortality rates and low life expectancies,
waves due to climate change especially in Aaal tend to reside in areas or houses that are most
cities, such as in the United Arab Emirates andnerable to climate change. The latter was illus-
the Sultanate of Oman, which are expanding dtated in the latest flooding episode in Yemen
very fast pace. Buildings should limit the frequemdich mainly affected the poorer populations.
cy, intensity, and duration of high-temperatuf@opulations in Arab countries that rely on non-
episodes. As cities grow and merge so do timegated agriculture are also likely to be vulnera-
heat islands. Urban heat islands in large Akdé to climate change. Nomadic tribes living in
cities can be reduced through urban planning ghd Sahara in North Africa and the Gulf area are
environmental preservation such as reducalgo likely to be vulnerable to climate change.
automobile use, enhancing public transportation,
planting trees, protecting biodiversity, and tf8&ich information will help policy makers deter-
like. Encouraging more environmentally sustamine priorities and decide on the adequate provi-
able development by reducing dependence sion and distribution of resources, including
cars, and cutting wasteful resource and energyheséth care resources and facilities. Geographical
is a needed policy. Heat wave warning systemafiarmation Systems (GIS) are an important tool
warn the population about upcoming heat wavasthis endeavour. GIS links together geographi-
are also recommended. However, the effectna-information (such as geographic coordinates
ness of warning systems for extreme eveiis specific point or the outline of an administra-
depends on individuals® awareness and theirtiviél-region) to some relevant information about
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that location (size of population, availabletainties still exist about how climate change will
resources, potential hazards, number of peopbdfect malaria. These uncertainties are mainly
killed by malaria in a given year). This wouldrelated to the complexity of malaria dynamics
allow different kinds of information to be linked and the scarcity of historical data in relation to
for each time and place, the mapping of modify<limate change, in addition to the role of socio-
ing factors and outcomes in space and time as wettonomic factors and other factors in the devel-
as trends in exposure, and the analysis of these sgisient of disease. So far, in spite of its
of information relating to the same place at eendemicity in the region, only little research in
given time. Such activities would allow Arabthe Arab region exists on the topic. Mapping
countries to have a robust database within a petike disease in time and space and analyzing pat-

od of a few years. terns of presence versus absence is less data
intensive than other methods and can therefore
2/ Research be used in countries where vector borne diseases

are a health risk and whose research capabilities
Research is needed to assess climatic changesardimited.
related health impacts in the Arab world. This
will allow countries to better identify vulnerabil& Water quality in coastal cities: The rise in sea
ties and to evaluate the respective countryOs capaater levels and increase of seawater intrusion
ity to adapt to climate change. It is needed to estinto coastal aquifers threaten the quality of
mate the burden and cost of climate changedrinking water. A case in point is the city of
information which might be necessary to con-Gaza where over-pumping has already caused
vince governments to allocate budgets for mitigasseawater intrusion into freshwater coastal
tion and adaptation measures and further nationaquifers (Al-Ghuraiz and Enshassi, 2006).
al research in the field.
GIS is an important tool in assessing the impact
Arab scientists are called upon to pool their climate change on health generally and on
expertise and resources and collaborate in défifectious diseases particularly.
ing a regional research agenda on climate change
and health while accommodating sub-regios@lAdapting health systems
and national priorities. Priority research topics
may include: Health systems in the Arab world need to be
adapted and prepared to respond to the conse-
& Heat and health (especially in countries witjuences of climate change. Building the capacity
hot summers): Factors relating to the adaptofethe health sector is a long-term commitment
capacity of vulnerable populations and the relbich requires sound technical and managerial
of socio-economic conditions should be invegirograms. The key issue is not to develop a sepa-
gated. Longitudinal studies over extended peate system for each type of hazard but to build
ods of time may be the preferred type of studiepacities within the health sector to face all types
in this case. of risks emanating from climate change. This
requires that all stakeholders in health (Ministry
& Aeroallergens: This is especially neededofa®ublic Health, health-related governmental
desertification is on the rise. Research hengl non-governmental organizations, private
could also focus on the development of edlyalth facilities, international health agencies and
warning systems for populations, especially gnefessional associations) be involved and pre-
vulnerable and those with a predispositiopared. Furthermore, preparedness of the health
Weather reports could - for example- routinedystems requires a multisectoral approach and
include an analysis of air pollutants and aeraaderdination between all involved sectors, such as
lergens. public works, transport, social services, housing,
urban planning, water and electricity, is essential.
& Malaria transmission: Despite the strong associ-
ation between malaria expansion and changeSapacity building
in the transmission season (which may be
caused by climate change), a number of undére above elements of a public health prepared-
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CHAPTER 8 ECOSYSTEMS AND BIODIVERSITY

I" OVERVIEW OF THE CURRENT STATUS
OF BIODIVERSITY IN THE ARAB WORLD

The Arab world houses a unique biological di
sity in terms of species and ecosystems repre
ed by arid, semi arid, and Mediterranean bio
(Figure 1). The reported number of species ¢
rently harboured in the Arab world is listed
floras, compendiums, and country reports (Ta
1). The richest countries documented in territ .
of plant diversity with more than 3000 speci
include Egypt, Lebanon, Morocco, Syrii
Algeria, Tunisia, and Somalia, while ani
diversity is highest with more than 5000 spec
in Algeria, Lebanon, Syria, and Tunisia (CB
national reports). The density is estimated
1000-2000 plant species per 10,00 km
Jordan, Lebanon, Morocco, and Syria and lspscies. With respect to animals, the countries
than a 1,000 per 10,000 Krfor the remaining with the highest number of threatened species
Arab countries. The density of mammal speaesording to the 2008 IUCN categories include
ranges between 21-50 animal species per 10Djitouti, Egypt, Jordan, Morocco, Saudi Arabia,
km?2 in Egypt, Iraq, Jordan, Morocco, Sudar§omalia, Sudan, and Yemen which all have more
Syria, and Tunisia, with a high range of 51-1@0an 80 threatened animal species, with a maxi-
in Lebanon and a range of less than 20 in tihem of 108 species in Egypt. An overall status of
remaining countries (The Atlas of Endangertdeatened species in the Arab world is summa-
Species, 2005). rized per specific taxonomic group in Table 3
(IUCN, 2008).
Many species in the Arab world currently face
major threats which will be augmented in tharine biodiversity along the coasts of the Arab
future due to the repercussions of climate changerld shows significant threat levels in selected
With respect to terrestrial biodiversity and moageas such as the highly threatened dugongs in
specifically plant biodiversity, according to tfBahrain whose seagrass foraging grounds around
2008 IUCN threat categories (Table 2), Yeméime archipelago form the worldOs second largest
has the highest number of threatened speciedugbng aggregation (a tightly linked group of
159 while the remaining countries either did ndtigongs, large marine herbivorous mammals,
indicate any data or range between 0 to &@cupying the same area) after Australia. In

FIGURE " EXAMPLES OF SPECIFIC BIOMES IN THE ARAB WORLD

Main biomes
V Desert
V Xeric shrubland
V Semi desert
V Mediterranean
Sub#categories of biomes
V Temperate broadleaf and mixed forest with temperate grasslands, savannas and shrubland
in Oman, Jordan and Syria
V Mediterranean forest, woodlands and scrub with scattered temperate conifer forest along the
coastline of Morocco and Algeria
V Tropical & subtropical grasslands savannas & in southern Mauritania and Sudan
V Flooded grasslands& savannas in Egypt and Ira6

Sources: SEDAC-Map client= Biomes and Ecosystems, 2008




addition, dolphins and whales in internation SPECIES NUMBERS ACROSS THE ARAB WORLD

waters were classified in 2000 as critically endan-

‘countr* /lants Animals
gered, endangered or vulnerable and numbere‘;h\I oria 3.14)a" 2.941 )b*
between 11-16 species on the northern coast Obe?hrain 105 b 3
Morocco and between 6-10 species in the

Mediterranean Basin, the coast of Mauritanja, E"botu“ 22(;7),b ;a* _1’417 )b
and the southern coast of Morocco (The Atlas of Irgzp - -
Endangered Species, 2005). Jordan 2,100 )a* -

Kusait 234 )a* -

With the inevitable global phenomenon of cli

mate change, freshwater biodiversity in the Arabti)b‘znon i'ggg ;Z* ?”48 )b
world will be greatly impacted and many of these ya___ !
. . . Mauritania 1,100 )a* 1,417 )b*
precious resources will not survive. Table 4b qut- , -
lines the Arab countries with exceptional large Moroceo 3.75)a :
_Oman 1,204 )a* -

areas designated as wetlands of internati onal ,
. . alestine
importance in accordance to the Ramsar

Convention .atar 871 )b" -
' Saudi Arabia 2,028 )a* -
Ornithological diversity constitutes a major assetsomalla 3,028 )a :
- . . _Sudan 3,137 )a* -
to the Arab world as well as a high risk area in__ " "
terms of climate change impacts. Many Arab Syria 3,000 )a 2,518 )b
) Tunisia 2,19 )a* 2,244 )b*

countries lie on important bird migration routes.

Djibouti, which is a crossroad in the transconti-

nental North-South migration corridor, accom-

modates 1 million birds per year. Mauritania is

home to the biggest wader population in tl IUCN THREAT

world and millions of migratory birds come t CATEGORIES (2008)

the country to stay through the winter months, - R

while the Hawar Islands of Bahrain house the’A‘bbrev"r’1t|0n .Ctategor

largest breeding colony of Socotra cormorant icR Critically endangered
9 9 y ] EN Endangered

the world. There are many threatened MarmevU Yulnerable

Important Bird Areas in the Middle East includ-

ing the eastern side of the Red Sea along the

coastline of Saudi Arabia, both Eastern amdmber of threatened seabirds classified as criti-

Western coastlines of the Persian Gulf, along thadly endangered, endangered or vulnerable in

coastline of the Gulf of Oman and Arabian S&900 most countries either did not have any data

along the Mediterranean coastline of Lebanonreported 0 species except for Iraq, Kuwait,

and Palestine, and within the Gulf of Agaba. TBahrain, Saudi Arabia, Qatar, the UAE, Oman,

number of threatened birds classified as criticaliyl Yemen which reported between 1 and 2

endangered, endangered or vulnerable in 2@8Pécies (The Atlas of Endangered Species, 2005).

ranged between 11 and 30 species in all Arab

countries except for Lebanon, Libya, Qatar,

Sudan, and Tunisia which have between 6 to110 AGRO#BIODIVERSITY AND SMALL

species recorded as threatened (The Atlas\RAB COMMUNITIES

Endangered Species, 2005). The number of

threatened birds of prey classified as criticdlhe Arab world is home to several Centres of

endangered, endangered or vulnerable in 2@gin (aka Vavilov Centers of Diversity) which

ranged between 5 and 6 species in Saudi Aratria,geographical areas where a group of organ-

3 to 4 species in Egypt, Morocco, Sudaisms, either domesticated or wild, first developed

Djibouti, Jordan, Palestine, Syria Lebanon, Irafeir distinctive properties. Until today Vavilov

UAE, Kuwait, and Yemen, and in the remainirggntres are regions where a high diversity of wild

countries between 1 and 2 species (The Atlasetdtives to various crops can be found, represent-

Endangered Species, 2005). In terms of ihg the natural relatives of domesticated crop

United Arab Emirates - -

Sources: a* "nited Nations Environment Programme, 2005 )a* = b* CBD national reports
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TABLE # THREATENED SPECIES IN EACH COUNTRY BY TAXONOMIC GROUP

Countr* 7ammals ;irds Reptiles Amphibians  Fishes  7ollus+s ‘'theAnimals /lants | "otal
Invertebrates
Algeria 14 11 7 3 23 0 14 72 3 75
D-ibouti 8 7 0 0 14 0 50 79 2 81
Egypt 17 10 11 0 24 0 4' 108 2 110
Ira< 13 18 2 1 ' 0 15 55 0 55
Jordan 13 8 5 0 14 0 49 89 0 89
Kusait ' 8 2 0 10 0 13 39 0 39
Lebanon 10 ' ' 0 15 0 3 40 0 40
Libya 12 4 5 0 14 0 0 35 1 3
Mauritania 14 8 3 0 23 0 1 49 0 49
Morocco 18 10 10 2 31 0 9 80 2 82
Oman 9 9 4 0 20 0 2 '8 ' 74
Palestine 3 7 4 1 1 0 1 17 0 17
,atar 2 4 1 0 7 0 13 27 0 27
Saudi Arabia 9 14 2 0 1 0 53 94 3 97
Somalia 14 12 3 0 2 1 50 10' 17 123
Sudan 14 13 3 0 13 0 45 88 17 105
Syria 1 13 ' 0 27 0 ' '8 0 '8
Tunisia 14 8 4 1 20 0 7 54 0 54
UAE 7 8 2 0 9 0 1 42 0 42
Yemen 9 13 3 1 18 2 '1 107 159 2"
Source: I"CN, 2008

plants. Vavillov (1951) identified eight Worldimes deliberately conserving or enhancing
Centers of Diversity of cultivated of which thgpecies and habitats should be seriously docu-
Middle East is one of the regions identified antented and strategically protected. Deliberate
it includes interior of Asia Minor, all ofconservation of biodiversity by small communi-
Transcaucasia, Iran, and the highlands t@s is rarely evident for animal prey, particularly
Turkmenistan. The total number of species large game, whose very mobility often prevents
the Mediterranean region is 84 species which faltsl control over access and hence diffuses any
in third place among the other centres after thenefits from restraint. In contrast most cases of
Chinese and the Indian Centers with their 13liberate conservation apply to plant resources
and 117 species, respectively (Perrino, 19&8).habitats. Subsistence-based small-scale soci-
The Mediterranean is the centre of origin of tvaties are likely to respond to climate change by
fruit trees, the olive and carob tree, a large nyrsuing enhancement of the resources needed
ber of cultivated vegetables (30), spices (15fmillivelihood and allocating subsistence efforts to
(6) and many of the old varieties of forage platite most rewarding areas and resources currently
(11) (Perrino, 1988). available. These choices will often have the effect
of conserving habitats and biodiversity being
To ensure the long range success in continuimgacted by climate change but they will not
the evolution of genetic resources in the Anadcessarily be designed to do so and may at times
world in response to climate change it is impdrave the opposite consequence (Smith and
tant to protect the diverse OancestralO genotypéstinie, 2000).
their country of origin from modern agricultural
interference, in effect by Ofreezingd the genetic
landscape even to the extent of subsidizing OpH#trSHIFTS IN SPECIES DISTRIBUTION
itiveO agro-pastoral systems (Vallianatos, 206NGES IN RESPONSE
The responses of small communities to clima@ CLIMATE CHANGE
change by consistently constructing their liveli-
hoods in a generally sustainable approach sonhe-Arab world harbours native species that tol-



RAMSAR CONVENTION WETLAND OF INTERNATIONAL IMPORTANCE

The Convention on Wetlands I\ SELECTED ARAS COUNTRIES
An intergovernmental treaty Countr* 80 of sites "otal Area (<a)
signed in Ramsar, Iran, in 1971, Algeria 42 2,959,'15
that provides the frame$or* for Egypt 2 105,700
national action and international Ira< 1 137,700
cooperation for the conservation Mauritania 4 1,240,'00
and $ise use of $etlands and Sudan 4 8,189,'00
their resources" Tunisia 20 72',541
Source: Ramsar Convention

erate strong heat and drought and these are likes case, the use of hierarchical models which
ly to respond to climate change by either perstsimbine macro climate data including estimates
ing in their current habitats or by shifting theiof speciesO thermal and moisture tolerances as
distributions to relatively cooler or more humidell as micro climate data gradients along which
areas at higher latitudes and/or altitudes. Sthsfigcies are distributed is essential; otherwise alti-
in distribution ranges have been recorded univeide/moisture driven variability in mountains
sally across a wide range of plant and aniavad near water bodies will not be captured and
groups and may be more dramatic for less widedglings will be skewed towards documenting
studied taxa (Hickling et al., 2006). responses of species prevalent in the more com-
mon arid and semi-arid biomes (Rivedi et al.,
At a global level, species native to the Arab w@008).
may expand their distribution ranges into higher
latitudes. For instance, South Mediterrane&pecies vulnerability to climate change is there-
species which are at the warm end of tfoge expected to be highest for unique species
European temperature gradient with both mediat are restricted in scope, and/or at the margin
um niche breadth and range size are predictedftoheir ecological tolerances. Examples of such
lose proportionally less suitable habitats andutoque situations include species that thrive at
gain a substantial amount of new habitats high altitudes under conditions of relatively
cooler areas outside the Arab world (Thuillerrebderate heat and/or moisture, as well as those
al., 2005b). If this is the case, then dispdikal ahat thrive near fresh water bodies and along
ity would become a determining factor becausedtistal zones including islands. There are many
is the migration of competitive dry land speciggecies thriving in such unique habitats scattered
which may ultimately result in the loss of suitabléhin each Arab country such as the mangroves
climate space for European species in Europ®atar, the cedar forests in Lebanon and Syria,
(Rivedi et al., 2008). the islands of Djibouti, the marshes of Iraq, the
high mountain ranges of Yemen and Oman
At the regional level in the Arab world, both altieaching 3,700 m and 3,000 m respectively, as
tudinal and moisture gradients are expectedwell as the large rivers of the Nile (Egypt and
provide unique refuges for the last remainiSgdan), the Euphrates and Tigris (Irag and
populations. These refuges are special a8am), and Yarmuk (Syria and Jordan).
amidst predominantly arid and semi-arid lands
that cater to niche ecosystems and harbour §pecialized species and ecosystem niches at their
cialized species as well as species that are a@realdgical limits are distributed along the exten-
at their ecological limit and as such are very \8ile coastline of the Arab world, such as the man-
nerable to climate change. Given the absencgrofes of Egypt which are highly localized and
published climate change prediction models fave a limited tolerance for ecological pressures.
biodiversity in the Arab world it is important tdocumented temperature changes in sea water in
draw on existing geo-referenced species distMauious areas along the coasts of the Arab world
tion data to understand and predict speciés@e led to the designation of the coastlines of
response in terms distribution range shifts. @man and Somalia as coral bleaching hotspots
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(NOAA/NESDIS, 2009). Some areas such significantly affected by climate change (National
the lower section of the Red Sea and southReport to the CBD). This impact has been noted
section of the Gulf have shown an increagskereby decreased humidity and rainfall has
between 1 to 1.50 C. Other areas have displaiyepacted juniper trees in the mountains of Jibal
lower but still significant increases between 0.%\&h-Sharah in southern Jordan and Hijaz
1o C such as the upper section of the Red 3dauntains in Saudi Arabia; the tips of these trees
Mediterranean Sea, Gulf of Oman and trere drying up and seed regeneration has
Arabian Sea. Increases in temperatures will dmeased (Al Eisawi, unpublished).
significantly affect biodiversity along sandy
beaches and coastal sand dunes; for exafpidiction studies made in other parts of the
marine turtles that use the beaches of Bahraiorld suggest that climate change will make it
Lebanon, and Oman for nesting will be affectdficult for species thriving in unique microcli-
significantly as an increase in soil temperatoratic refuges to persist; in analogy to these pre-
will affect the ratio of females and males and tllictions it is believed that species adapted to heat
have irreversible consequences on the survivahdfdrought and with broad distribution ranges
the species in these regions. Wetlands maynkiee Arab world will displace specialized species
among the most sensitive ecosystems in the Analiing in unique habitats and thus will cause
world due to significant impacts of climatthem to lose all suitable climate space (Rivedi et
change that can be induced from even snal| 2008). For example, prediction models sug-
degrees of change in the amount and seasongdist that in South Mediterranean countries,
of rainfall and evaporation. mountain regions would experience a mean of
62% species loss and turnover showing a major
High altitudes which provide refuges for mampange in floristic composition in time (Thuiller
specialized species and niche ecosystemsetndl., 2005a). Furthermore, modelling studies
undoubtedly witness distribution shifts and ipredict that species tolerant to aridity will be the
some cases disappearance of species. Two coodt- stable and conserve their initial habitats
erous tree species, the cedar of Lebanon andatft#or expand to new suitable habitats while
silician fir reach their southernmost distributiospecies with narrow tolerance to higher tempera-
limit in Lebanon and their distribution range willures would lose large proportions of habitats
recede with increasing temperature to higher [@®-60%) or migrate up slope towards new
itudes and altitudes in the region. Similarly tipetential habitats if this is geographically avail-
Juniper woodlands in Saudi Arabia which aable. Therefore, in contrast to species common-
currently concentrated in a narrow belt abolyt adapted to heat and drought in desert and
7,600 square kilometres in size at very high a@émi-desert biomes, the persistence of species in
tudes ranging between 2000 and 3000 m will beosystems such as riverine habitats, wetlands,



and mountains in the Arab world is constrainéthderstanding species dispersal habits becomes
by water availability, temperature, and/or thassential since, with respect to the timescale con-
substrate (Table 1). The potential of thesa&lered by climate change predictions, dispersal
ecosystems to respond to climate changehbpits can range from those that would be unable
migration is therefore limited and their survived disperse significantly to those that could read-
more doubtful. ily disperse and establish. For example, species
with large seeds will not migrate as quickly as
species with lighter seeds or those seeds that can

IV' ECOSYSTEM COMPOSITION be dispersed by animals. Some simulation stud-
AND SPECIES VULNERABILITY ies, however, show that many of the species
TO CLIMATE CHANGE whose potential distribution ranges change sig-

nificantly will become non-viable because of
Adaptations to climate change will alter entidelays in population responses to climate change
ecosystems in terms of physical, chemical évides et al., 2004). In general, species that cur-
biological features and/or alter species compiasitly have a broad distribution range will most
tion forcing species to disperse, adapt or fhlkely have high dispersal ability while those that
ultimate extinction. Wherever conditions favoexist in few sites will likely have low dispersal
large changes in the number of species thatadility and be more threatened by climate change
exist in a given area, or species richness, contgriven disasters such as fires, droughts, and pest
nities can be expected to undergo major reautbreaks. On the other hand, migrating species
ganization. As a result protection of represergadld experience multiple extinctions as they
tive and/or ecosystems currently in existemoeounter anthropogenic land transformations
will be problematic (Currie, 2001). Sincer simply reach the mountain summit or water
species are generally expected to respond bty edges.
vidually to climate change, there is potential for
novel species combinations to occur, and Fature predictions of species vulnerability will
present day relationships to become increasinglyd to be based on analytical tools such as broad
decoupled (Thuiller et al., 2006). For instanceodelling frameworks that focus on the species
the loss of the rarest species can be compensattdble climate space through the use of biocli-
by increased growth of the dominant speciggtic envelop models which depend on the
whereas reductions in the density of the doranalysis of the complex interactions at different
nant species cannot be compensated by lavels (Pearson and Dawson, 2003) and/or inte-
species. grative sensitivity analysis modelling which

examines the effect of climate change on individ-
In terms of species richness, although many suel-species, especially those that are rare, threat-
ies show positive effects of biodiversity on ecoeged and climate sensitive as well as ecological
tem function, others do not. The reason may pmcesses (Hannah et al., 2002).
related to the position of the species most affert-
ed by climate change. For instance, if the los:
species is at top trophic levels or a keyst
species, then it may have particularly strc o
ecosystem effects. On the other hand clim : : "5=
change induced loss of species at different trc
ic levels or different species groups will be di
cult to predict in response to climate change. |
quite possible, however, that over the short te
(decades to centuries) species richness |
decrease, even in areas where richness is prj
ed to increase in the long term: as clime
changes, species that are intolerant of local
ditions may disappear relatively quickly wh's
migration of new species into the area mayf .
quite slow (Currie, 2001). 3
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STATUS OF PROTECTED AREAS IN THE ARAB WORLD encompassing and sometimes sidestepping areas
Countr* Irotected Areas 8ational and of protection. .
asas of “otal International Conservation managers pursuing species richness
$and Area (260=)  /rotected Areas . 9 P g spec -

, as a goal unto itself may not be protecting desired
Algeria 5.1 104 . -
Bahrain - , ecosystem functions. Instead targeted strategies

, such as control of invasive species may be more
Egypt 4. 32 . . . L .
ra< 0.0 10 easily accomplished by identifying and targeting
Jordan 1'0 > 24 functionally important types of species (e.g. bio-
KuSait 0 0‘ 19 control agents or native competitors) than simply

: advocating increased species richness (Srivastava
Lebanon 0.3 20 . .

: , et al., 2005). For example national parks situat-

Libya 0.1 2 . . .

— ed in desert and xeric shrubland biomes would be
Mauritania 0.2 7 . . .
Moroceo 0.8 ~ most sensitive to climate change as they will most

, : likely experience a decrease in species richness.
Palestine - - . -
Protected areas situated in rare, patchy, and
Oman 0.1 7 . - . L0
atar - 4 unique habitats may show againin ror|§t|c r|ch—_
; , - ness but would experience a change in species
Saudi Arabia 2.0 128 I, ) . .
: composition. If, for instance, habitat structure is
Somalia 0.3 25 .
Sudan 35 a4 changed due to the loss of keystone species, for
Svria — 18 example a tree species, to climate induced
TZnisia 02 P changes in fire regimes, this will have significant
: impact on fauna. Furthermore, the potential
UAE 0.0 15 . . . .
spread of species and their ability to track climate
Yemen - - .
; change beyond the boundaries of protected areas
World Coverage A - .
as in the case of the oryx, fox and other mammal
Sources: a* "nited Nations Environment Programme, 2005 b* WDPA, 2009 SpeCieS, will be Unlik8|y without human interven-

tion (Thuiller et al., 2006). For example, in
Africa none of the 277 animal species examined
V"IN SITU CONSERVATION#PROTECTED  were destined to extinction when full migration
AREAS AND THEIR ROLE IN MITIGAT#  ability of species across landscape was assumed,
ING THE IMPACT OF CLIMATE CHANGE and a maximum of 10 species when assuming no
migration as these species would lose 100% of
The Arab world has made major steps towatlsir suitable habitats. Furthermore, if a species
the designation of protected areas in each resipecemes restricted to a few sites, then local cata-
tive country (Table 5). Protected areas inclusteophic events could easily cause the extinction
both national areas which cover various ecos§shat species; climate change can affect the sus-
tems as well as international designations suateashbility of animals to disease outbreaks, and
Ramsar sites, Man and Biosphere and Woplarticularly anthrax. Life cycles of ticks or other
Heritage Sites. parasites are also particularly influenced by cli-
mate variation and could exacerbate risks of
Protection of unique ecosystems and speciesxthctions.
their ecological limits highlights the importance
of establishing protected areas of adequate $pagitu conservation sites situated in xeric and
into substantial climatic (temperature/rainfallesert shrublands are not expected to meet their
gradients and to be linked by corridors of natotandate of protecting current mammalian
ral/semi-natural habitats (Eclcy et al., 1999). $pecies diversity within protected boundaries and
situ conservation including national parks aitstead may face significant losses of species
bio-reserves are key conservation tools usedivtersity that are not compensated by species
protect species and their habitats within the camfluxes. Even when significant species losses are
fines of fixed boundaries. In contrast, changesiat anticipated there may be repercussions
species distribution ranges in response to clineeause of indirect effects caused by the
change are expected to be highly dynameéarrangement of animal communities which



ARAB ENVIRONMENT: CLIMATE CHANGE

TABLE ( DEGREE OF INFLUENCE ON THE TERRITORIES OF ARAB WORLD

Countr* /ercentage of total land area /ercentage of total land area
(including inland 4aters) having (including inland 4aters) having
ver* lo4 anthropogenic impact ver* high anthropogenic impact

Algeria 84.25 0.58

Bahrain - -

Egypt 8.37 1.85

Ira< 9.51 2.08

Jordan 4''1 1.5

Ku$ait 0.05 10.47

Lebanon 0.0 18.08

Libya 92.4' 0.27

Mauritania 93.84 0.02

Morocco 17.90 2.04

Occupied territories - -

Oman 7'.24 0.73

;atar - -

Saudi Arabia 49.24 0.58

Somalia - -

Sudan 44.24 0.11

Syria 0.21 3.10

Tunisia 33.98 3.57

UAE 0.4' 5.02

Yemen 49.09 0.17

Source: ESI, 2005

may alter existing competitive interactions apdrcentages in these countries are above 70% and
influence trophic dynamics with changes in praéach as high as 93.84 % and 92.46% respective-
ator-prey interactions (Thuiller et al., 2006). ly in Mauritania and Libya (Table 6).

The Arab worldOs acknowledgment of the serious
VI" CONCLUDING REMARKS implications of climate change on biodiversity

and the status enjoyed by pro-active initiatives
Agricultural activities and urban environmenindertaken can be deciphered by each countryOs
have high impacts on the natural environmemational reporting to the United Nations
and as such the conversion of natural vegeta@amvention on Biological Diversity (UNCBD).
for human activity has important ecologic&in analysis of two main questions in the
implications. The percentage of a country's ladtlCBD national reports reveals a bleak situa-
area that has low anthropogenic impact is a méias- into the importance given to this issue and
ure of the degree to which wild lands that dfree action taken. On the question dealing with
important for biodiversity conservation still exigie implementation of projects aimed at mitigat-
in that country. The percentage of a countrytsy and adapting to climate change that incorpo-
land area that has high anthropogenic impact iqe biodiversity conservation and sustainable
measure of the degree to which a country's laiseé, only 4 countries have done so and 5 coun-
area is dominated by high intensity land-useges have such projects under development. The
The percentage of land impacted by anthn@maining 11 countries have not undertaken
pogenic activity in the Arab world has been datich projects, have not completed a national
umented to be the highest in Lebanon witleport to the CBD, or have not reported any-
18.08% and Kuwait with 10.47%. Algeriathing on this question.
Egypt, Libya, Mauritania and Oman have the
highest percentages of lands that are only imp@ibe second question concerns countriesO coordi-
ed by anthropogenic activity to a low degree; thaion efforts to ensure that climate change miti-
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gation and adaptation projects are in line witome natural or human created barriers or
commitments made under the United Nationsuman caused land transformations.
Framework Convention on Climate Change
(UNFCCC) and the United Nations Conventionin addition to studying and projecting species
to Combat Desertification (UNCCD). In reaction to climate change, it is as important to
response to this question, 7 countries reporfg@dict which species would maintain their cur-
having the relevant mechanisms and 2 countriesst distribution as the net species loss in arid
stated that these mechanisms are under devedop- semi-arid areas would lead to collapse of
ment. The remaining 11 countries stated thejready marginal dry-land communities. As
have not implemented such mechanisms, havequmh, the Arab region which is predominantly
completed a national report to the CBD, or haeeid (Egypt is 96% arid, while Jordan is 80% arid
not reported anything on this question. and 80% of the Abu Dhabi Emirate area is
desert) is especially vulnerable to significant
More action is urgently needed in the Arab wodgecies loss. There is no consensus on how to
with respect to properly and effectively respomdap environmental consequences of climate
ing to climate change. The number of speciesirange. Locations affected least and those affect-
the Arab world is low in accordance with thesd most under different scenarios provide a
natural environment with total documented anframework for designing conservation networks
mal and plant species ranging from 9119 spetieimclude both areas at least risk (potential refu-
in Lebanon to 2243 species in Mauritanigia) and areas at greater risk where the rate of cli-
However, regardless of species richness, it isnéiee change may outstrip the rate at which many
measure of the relative changes in species disrséies can respond to change resulting in altered
ty which will give insight into the vulnerability oécosystems representing new assemblages that
a region with respect to climate changkd not exist in the past and therefore do not
(Bakkenes et al., 2002). Although it is possiblave past analogues (Saxon et al., 2005). The
that dry-land species will be able to expand thaipact of climate change would not solely affect
distribution range, this is highly dependent dhe species directly but would affect complex
the species® dispersal habits and ability to @ssiciations such as species mortality from pest



outbreak which in turn may be due to the peREFERENCES
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I" INTRODUCTION

Infrastructure is the lifeline that supports all so
of human activities - domestic, commercial, &
industrial - in urban as well as rural setting
Transportation systems, coastal defence wg
water supply and wastewater systems, ele
generation facilities and oil and gas pipelines
resent the bulk of infrastructure, which a
expected to be impacted by impending clima
changes. Despite the significance of infrast
ture, few studies have been conducted wo
wide, and very few in the Arab world, to as
the impact of climate change and explore ada
tion strategies. Consequently this assess
study is conducted based on reviewing literatt™ -J g
mostly published in developed nations a o
extrapolating findings by analogy to the Ar B
region. The analogies are based on selecting & =
ies pertaining to regions with similar climat
topography and urban settings.

Four categories of infrastructure are considg
in this study: transportation, coastal protecti®
works, water supply and wastewater systems, and
energy generation and supply systems. Table 1. The projected increase in intensity and
assessment looks at the impacts of climate changlengation of very hot days can result in the
on these infrastructure systems and potensiaftening of asphalt and consequent degradation
options for building and enhancing adaptiva road pavement which affects its operation and
capacity. increases risks of traffic accidents. These climatic
conditions may lead to excessive expansion of
bridge components and deformation of metal
II" TRANSPORTATION INFRASTRUCTURE  components such as rail tracks and bridge steel
elements. Excessive heat decreases the efficiency
Transportation infrastructure includes both nedf construction and maintenance activities,
works such as roads and highways and faciliieeeases heat-related health risks to construction
such as bridges, ports and tunnels (U.S. Natiocr@ws and commuters, and poses limits on the
Research Council, 2008). The transportationaximum loads of trucks and airplanes.
infrastructure in the Arab world is generally
exposed to prolonged hot and extremely H&dsed on work by the U.S. National Research
days, sandstorms, thunderstorms and dusty &uwdincil (2008), Neumann and Price (2009)
windy conditions, and sea surges in the coastahtify several measures to develop and enhance
regions. All these climatic conditions are expexdaptive capacity in the transportation sector. Of
ed to intensify, and to become more frequent amedevance to the Arab region are changes in trans-
widespread under projected climate change poetation operating and maintenance practices,
narios. design strategies, planning of capital investment,
control on land use, adoption of new technolo-
The impacts of climate change on the transporiges and material, and development of informa-
tion sector can generally be categorized into thase base and decision-support tools.
related to the structural integrity of infrastructure
and those affecting its operation. Adapted frdPneparedness to extreme weather conditions and
the U.S. National Research Council (2008yvents should be incorporated into routine oper-
these impacts can be summarized as showations with an emphasis on closer collaboration
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TABLE " IMPACT OF PROJECTED CLIMATIC CHANGES ON TRANSPORTATION

Climatic changes Impact on structural Impact on operation
elements of infrastructure of the infrastructure

Increases in fre6uency g gy cessive expansion in bridge joints and pav@-Limitation on the maximum load capacity of
ﬁgf(;ztyesn:rt])(; ?]fe\éiry ment surfaces trucks and airplanes due to weakening of
waves. & Decreased viscosity of asphalt which may leadpavement.
to traffic-related rutting and displacement of & Harsh climatic conditions will reduce the effec-
pavement. tiveness and increase the cost of construction
& Deformities in metal components including and maintenance.
rail-tracks, bridge steel elements, etc

Increase in sea water g |nundation of coastal transportation elements& Fre6uent closure of coastal roads due to sea
level / sea surges.

including roads, bridges, airports, etc. surges.

& Erosion and deterioration of pavement, bridg& Storm surges may disrupt operations and pose
support and its base. hazards to passengers of coastal airports

& Costly adjustment in harbour and port facili-  )e.g., Beirut and Manama Airports*.

ties to accommodate tidal increases and more
intense sea surges.

Increase in the & Increased damages to road, rails and bridges Intense sandstorms in desert areas across the
fre6ue_ncy and & Increased risk of mudslide and rockslide in Arab world would cause disruption of road
intensity of mountainous regions, such as in Lebanon. traffic and increase fre6uency of closures and
sandstorms, accidents

thunderstorms, and

windy conditions. & Disruption of the operation of airports.

Sources: Adapted from the ".S. National Research Council )2008*.

with emergency management agenciggormation management, decision support sys-
Infrastructure, especially critical componentems and modelling, and development of new
should be designed on more robust standamstruction materials open up new opportuni-
Considering the uncertainty in models of climaties for managing the impact of climate change
change impacts, infrastructure could be desigaad designing infrastructure elements capable of
S0 as to have a shorter life span, thereby faciltéhstanding more extreme climatic conditions.
ing marginal improvements to provide flexibility
in dealing with changing climatic conditions.

" COASTAL PROTECTION
Integrated transportation and land-use planning
can be an effective adaptation strategy in redlitermal expansion of sea water and influx of
ing the impact of climate change by restrictifigsh water from melted ice sheets and glaciers
development and settlement in high-hazaodcasionally accompanied with local land subsi-
areas. This can be implemented at the leveteiice are destined to increase sea levels by the
planning of new infrastructure or rehabilitatioeand of the 21st century to levels estimated
of those affected by climate change. The sucbesseen 19-59 centimetres according to IPCC
of this approach is expected to vary from digures; it should be noted that these predictions
country to another depending on the curreeiclude Ofuture rapid dynamical changes in ice
level of development of hazard prone areas, ifitevO and the full OlikelyO temperature range
gration of planning agencies and support foPCC, 2007). Recent evidence of projected
these changes which may not be popular ambigher contributions from land-based ice such as
significant sectors of the society. the Greenland Ice Sheet indicates that sea level
Recent advances in monitoring technologyse (SLR) at the end of the century could range
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from 0.5 to 1.4 meters; with some studies shgwevided an assessment of the impact of SLR on
ing that melting from ice sheets alone could catie® two main coastal directorates in Egypt:
SLR of up to 2 meters. Not only would SLRIlexandria and Port Said. Current conditions
result in the inundation of highly populated anand those for 0.25, 0.5 and 1 meter projected
productive areas, but it would also accentuate $hdk were assessed. The study shows that these
impact of sea surges leading to beach degradeas are highly vulnerable to SLR with the
tion, erosion of road bases, instability of bridgestential of forcing millions to permanently
and harbour structures, in addition of posingigrate out and result in losses in the billions of
serious hazards to coastal population. dollars to urban dwellings, recreational facilities,
industrial assets and infrastructure.
These projections could have dire consequences
for the Arab world considering the concentratiéd-Jeneid et al. (2008) assessed the impact of
of very significant proportions of population arBLR on BahrainOs archipelago. SLR of 0.5, 1, 1.5,
economic assets in coastal zones in the majand 5 meters were considered. The findings
cities such as Alexandria, Casablanca, Algigrderscore the vulnerability of Bahrain to SLR
Tripoli, Tunis, Beirut, Latakia, Jidda, Basraven for the lower SLR of 0.5 meters. This is
Kuwait city and Dubai. In a study by themainly attributed to the concentration of popu-
Organization for Economic Co-operation ani@tion and commercial and industrial activities in
Development (OECD) (Nicholls et al., 2008jhe coastal areas. In particular, key industrial and
Alexandria was currently rank&di® terms of commercial parks and infrastructure including
exposed population (1.33 million) and"i@ main roads and highways are situated in low-
terms of exposed assets ($28.46 billion) améngg newly reclaimed areas.
the worldOs portal cities. By 2070, the city is pro-
jected to be in the thiplace in terms of expose®ne of the dilemmas facing policy makers in
population (4.38 million) and #0in terms of dealing with the impact of SLR is striking a bal-
exposed assets ($563.28 billion). ance between the costly investment in developing
and maintaining coastal protection works on the
Despite the gravity of this situation there are verne hand and the difficulty in controlling and
few studies carried out assessing the impaatewérsing urban and industrial growth in coastal
SLR in the Arab region (e.g., AFED, 2008: 128reas on the other. For instance, it is deemed pro-
131). One of these studies (El Raey et al., 198®jjtively expensive and socially disruptive to
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move millions of inhabitants, recreational facilards, climate change will exacerbate water
ties, commercial and industrial establishmestarcity conditions across the Arab world. Most
out of the coastal areas in Egypt (El Raey etchinate general circulation models (GCMs) proj-
1999). Also costly is the development of compeet that North Africa and the Levant will under-
hensive coastal protection schemes along Eggpt@spersistent reduction in total precipitation
extended coastal line. In Bahrain, large invesiupled with rising temperatures, which will
ments have gone into developing reclaimed aredsce available water resources (Assaf, 2009).
and few options are available to relocate potRising sea levels will increase pressure on coastal
tially impacted populations and assets to the irdguifers and will accelerate the on-going saliniza-
rior. tion in coastal aquifers such as those of Beirut
and Gaza city. In Lebanon, climate change is
El Raey et al. (1999) explore several adaptaggpected to cause higher winter temperatures
options including beach nourishment enhancedhich will decrease snowfall, which will in turn
by groins, breakwaters, land use change and nexdjace natural snowpack storage.
ulation and integrated coastal zone management
(IC*M). The first two options represent strucAdaptation to these changes is most optimally and
tural measures with varying costs, while land siggtainably achieved through an integrated water
and regulation represent OsoftO measures ainsegply/demand management. Demand manage-
discouraging and reversing development in haent involves raising public awareness regarding
ard-prone areas. The authors recommend adoydter conservation, using water pricing as an
ing the latter option of IC*M which combinesincentive tool to reduce consumption and rehabil-
both measures in addition to raising publitating water networks to reduce losses. Studies in
awareness, institutional cooperation and capattisy USA have shown that the reliability of water
building. The non-structural approaches are atssources systems is largely dependent on storage
emphasized by Kirshen et al. (2008) who caapacities, which are key factors in maintaining
clude that in addition to being sustainable asgstem resiliency under the impact of climate
environmentally friendly, they are flexible, nohange (Kirshen et al., 2006). Dam reservoirs
regrets and co-benefit policies. make up most of the storage capacity worldwide
and in many Arab countries with river systems
Neumann and Price (2009) emphasize thatluding Egypt, Morocco, Syria and Irag. Aquifer
although coastal defence infrastructure _is
designed to mostly protect private property, it
more cost effective to plan and develop it a
large collective scale. They emphasize, how
the importance of integrating coastal protecti
with land-use planning where development
hazard-prone areas is strongly discoura
through public awareness, regulation and;
increasing insurance premiums.

IV" WATER SUPPLY AND WASTEWATER
INFRASTRUCTURE

Although generally under extreme pressure fr
rising demand and water scarcity, water sup
systems vary across the Arab region from th
mostly dependant on renewable freshwa
resources such as those in Egypt, Lebanon
Iraq to those that are totally dependent on ng
renewable fossil groundwater and desalinat
namely the Arab Gulf states. Coupled with exg
sive growth in population and rising living sta
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recharge is increasingly being used to take adsamed by the US Climate Change Science
tage of excess winter runoff. It has the added Heregram (US CCSP, 2007). The study provides
efit of reducing evaporative losses. Treated wastgdmmary of the current knowledge about the
water represents a valuable water source thatiro@act of climate change on consumption, gen-
be tapped to supplement freshwater watmation and supply of energy in the US.
resources. Tunisia and Egypt have invested consitbrmation gleaned from this report and
erably in wastewater treatment facilities and supemed relevant to the Arab world is summarized
networks (EUROMED, 2009). briefly in the following paragraphs.

The projected increase in the intensity of rainfBliojected higher summer temperatures will
events combined with reduction in hydrauliocrease cooling energy requirements, which are
efficiency due to SLR in coastal areas is expegleddy a major item in the total energy bill of
to result in more frequent sewer overflow, withost Arab countries. In contrast, projected
associated public health problems, and floodimgrmer winters will reduce heating energy
of culverts and roads (Infrastructure Canadaguirements. However, these energy savings will
2006). Also, more intense rainfall events abe dwarfed by the increases in cooling energy
thunderstorms increase peak volume and segguirements. This net increase in energy
ment loading into wastewater treatment plamegjuirements will be tempered by savings to be
leading to inadequate treatment, reduction gained through technological advances in
efficiency and possible shutdown. Design critaéngroving the efficiency of energy intense equip-
for wastewater elements need to be revisitednemt. A significant share of energy is used across
improve their resiliency under the impact of cthe Arab world in groundwater abstraction,
mate change. desalination, treatment, transfer and distribu-

tion. Projected climate change-induced declines

in fresh water supplies and increase in demand in
V" ENERGY GENERATION AND SUPPLY the region would increase energy requirements
INFRASTRUCTURE for all these activities.

Although great emphasis is placed on the endtgyjected increases in average air and water tem-
sector as the main source of GHG emissions, flbeatures and limited availability of adequate
impact of climate change on the energy gene@sling water supplies are expected to affect both
tion and supply system is much less studied. @me efficiency, operation and the development of
of the main assessment studies on the impacatest power plants. The performance of gas tur-
climate change on the energy sector was comhiiges is particularly sensitive to ambient temper-
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ature and pressure. A 30@C increase in am
temperature, which is typical of diurnal chanc
in desert areas, can result in a 1 to 2% reduct
in efficiency and a 20 to 25% decrease in po\
output; as these results are linear, smaller inci
es will likewise have considerable effects on
ciency and output (Davcock et al., 2004
Consequently, overall warming is expected
decrease total power capacity available and
duction cost. Increased water temperature \

place strains on thermal plants. |

Climatic changes are expected to impact ren
able energy infrastructure. Decreased ri
runoffs will reduce hydroelectric output. This
particularly significant for countries such ¢
Egypt, Syria and Iraq with large hydroelect
capacity. Changes in wind conditions will affe
the performance and reliability of current ar
planned wind farms. Solar energy productio
sensitive to cloudiness, which is expectedf
change across the region.

Projected increases in the activity of extre
weather events could lead to more downing
power transmission towers and lines, as well as
disruptions in the operation of power plants afdansportation infrastructure is generally vulner-
refineries. It could also impact trucking or shipble to projected increases in the intensity and
ping of fuel supplies, which disproportionatefgequency of hot days, storm activities, and sea
impact remote areas and small countries withleeel rise (SLR). Reliability of water supply sys-
local energy resources such as Lebanon. Mams will be impacted by expected reductions in
power plants in the Arab region are placed onlfyesh water supplies and higher average tempera-
few meters above sea level making them partiotes. Wastewater networks are particularly vul-
larly vulnerable to damage from sea level rise merdble to excessive rainfall events and SLR.
wave surges. Energy generation will be hampered by higher
ambient temperatures which will reduce the effi-
Enhancing the adaptive capacity of the eneoigncy and capacity of gas turbines, and reduce
infrastructure could be achieved through an int®oling efficiency of thermal plants. Energy dis-
grated approach that involves utilizing technibution and transmission systems will be more
logical advances to improve power plant efficipnene to failure due to increase extreme weather
cy, demand management, decentralization events.
power generation to spread climate change risk
over a larger area, storm planning for powetegrated land use and infrastructure planning,
plants and refineries, and building strategic fwelter and energy demand management, the
reserves to manage disruptions to fuel supply eandancement of the resiliency of infrastructure
deliveries (Neumann and Price, 2009). components to withstand climatic change,
upgrading of design criteria and operations to
incorporate the impact of climate change, utiliza-
VI" CONCLUSION AND tion of new technology, and engagement of the
RECOMMENDATIONS public in the decision making and raising their
awareness of climate change are key recommen-
Climate change is projected to significanttiations for developing and enhancing the adap-
impact infrastructure across the Arab worlive capacity of infrastructure in the Arab world.
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