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EXECUTIVE SUMMARY

The Mediterranean: A “hot spot” of climate change

Since 1970, South-Western Europe (Iberian peninsula, southern France) has reported a temperature
rise of about 2°C (IPCC 2007). This warming is also felt in North Africa, though it is more difficult
to quantify due to an incomplete observation network.

For the Mediterranean region, climate experts anticipate during the 21st century:

e An increase in air temperature in the range of 2.2 C° to 5.1 C° for the countries of Southern
p g

Europe and the Mediterranean region over the period 2080 — 2099 with respect to the period
1980 — 1999 (IPCC 2007, scenario A1B);

A significant decrease in rainfall, ranging between -4 and -27 % for the countries of Southern
Europe and the Mediterranean region (while the countries of Northern Europe will report a rise
between 0 and 16 %) (IPCC 2007, scenario A1B);

Increase in drought periods manifested by a high frequency of days during which the temperature
would exceed 30 °C (Giannakopoulos et al. 2005). Extreme events, such as heat waves, droughts
or floods, are likely to be more frequent and violent.

An increase of the sea level which, according to some specific studies, could be around 35 cm up
to the end of the century.

Annual mean variation of air temperatures in summer (°C) —2070-2099 vs 1961-1990

Source : Somot and al. 2007

The impacts of climate change on the Mediterranean environment will relate particularly to:

Wiater, via a change of its cycle due to a rise in evaporation and a decrease in rainfall. This water
problem will be of crucial importance with regard to the issue of sustainable development in the
region;

Soil, via the acceleration of already existing desertification phenomena;

Land and marine biological diversity (animal and plant), via a displacement northwards and in
altitude of certain species, extinction of less mobile or more climate sensitive species, and
emergence of new species;

Forests, via a rise in fire hazards and parasite risks.




These impacts will exacerbate already existing pressures on the natural environment connected with
anthropogenic activities.

Climate change will have impacts particularly on: agriculture and fishery (reduction of yields),
tourism attractiveness (heat waves, water scarcity), coastal areas and infrastructures (significant
exposure to the action of waves, coastal storms and other extreme weather events, rise in sea level),
human health (heat waves), the energy sector (water needs for power plants, hydropower and
increased consumption).

The more vulnerable Mediterranean areas will be those of North Africa adjacent to desert areas, the
major deltas (those of the Nile, the Po and the Rhone, for instance), the coastal areas (Northern rim
and Southern rim of the Mediterranean basin), as well as the high-demographic growth and socially-
vulnerable areas (Southern and Eastern rim, densely populated cities and suburbs).

The Southern and Eastern Mediterranean Countries (SEMCs) appear to be more vulnerable to
climate change than the Northern Mediterranean Countries (NMCs). Indeed, they are, on the one
hand, more exposed to accelerated desertification, soil aridity and water scarcity and, on the other
hand, presenting economic structures that are more strongly dependent on natural resources, as well
as technical and financial capacities that are too limited to help implement large-scale adaptation
options.

Nile Delta, potential impact of sea level rise

MEDITERRANEAN SEA

MEPITERRANEAN SEA

Source: UNEP/GRID — Arendal Maps and Graphics Library.

CO, emissions not under control and a risk-ridden energy scenario

In 2000, seventy two per cent (72%) of the Mediterranean green house gas (GHG) emissions were
due to CO, connected with energy use (77% in the NMCs and 64% in the SEMCs).

In 2025, the CO, emissions due to energy use will be twice as high as they were in 1990 (OME/
MEO).

The share of the SEMCs in the total emissions generated in the Mediterranean would be of about
50% in 2025. In 2006, the NMCs accounted for about 2/3 (two thirds) of the CO, emissions due to
energy use of the whole Mediterranean basin (OME/ MEO).

However, the growth of CO, emissions seems to be far more rapid in the SEMCs than in the
NMCs. Indeed, while the NMCs reported an increase by 18% between 1990 and 2004, the emissions
of the SEMCs increased by 58% over the same period. This growth rate is twenty points higher than
the world rate (WRI).

Electricity and heating are the main contributor to the rise in emissions between 1990 and 2004 in
the SEMCs. In the NMCs, the chief contributor is the transport sector.
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e updated energy trend scenario of the Observatoire Méditerranéen de 'Energie (2007), based on

the aggregate of the evolutions estimated by the countries and by the major energy companies,
reveals the following:

In 2000, fossil energies (oil, gas, coal) dominated the energy supply, accounting for as much as
80% for the whole Mediterranean countries, and for as much as 94% for the SEMCs alone (75%
for the NMCs). The primary energy consumption per capita is 3.3 times lower in the SEMCs
than in the NMCs;

By 2025, the weight of fossil energies is likely to stabilize at equivalent levels. The share of coal
(high CO, emitter) persists in the energy mix due to its envisaged use for power production;

The primary energy demand in the Mediterranean basin is likely to multiply by 1.5 between 2006
and 2025 and by 2.2 in the fast-developing SEMCs and whose population is markedly on the
increase;

The energy demand is characterized by a rise in demand on electricity that is much more rapid
than the growth of demand on primary energy or population growth. It is likely to be multiplied
by 2.6 between 2006 and 2025 in the SEMCs, due in particular to a tripling of consumption in
Turkey, Tunisia and Algeria and a doubling in Egypt and Morocco.

Irrespective of the evolutions on global level, in the Mediterranean, the tensions already prevalent in
matter of energy are likely to become significantly more acute if the trend scenario obtains,
particularly through the following developments:

Increase in CO, emissions and an exacerbation of local atmospheric pollutions;

Greater energy dependence of importing countries, more felt by importing SEMCs (passing from
77% in 2006 to 88% in 2025) than by importing NMCs (passing from 68% to73%, over the same
period);

Social and economic risks connected with the rise in supply costs and its incidence on the energy
bill of the countries, households and enterprises;

Impacts of climate change on the energy system: via, on the one hand, the power production and
infrastructures and, on the other hand, the growth in energy demand.
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Primary energy demand : baseline scenario up to 2025 The seven main enetgy consumer in the Mediterranean
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Investing today in energy efficiency (EE) and in renewable energies
(RE) presents real economic advantages for the time frame 2015

The economic simulations conducted reveal that a high potential of economic return lies on the
demand side (simulation for an improvement of energy intensity by 10% within 10 years), based on
energy efficiency actions, and that a rather modest effort in terms of RE (putting up the share of the
solar, wind and geothermal to slightly over 1.1% of primary energy), allows a non negligible gain.

An extrapolation to the MEDA countries of the aggregate results obtained for 3 countries
(Morocco, Tunisia, Egypt) reveals that aggregate actions would allow as from 2015 an annual gain
on actions of about 30 billion dollars with a barrel at 120§ with respect to a situation where the
current trend persists (to 43 to 49 billion USD with a barrel at 175 USD) . About 36 million tonne
oil equivalent (TOE) would be saved, and a drop by 130 million tons of CO, emissions would be
observed.

This “cost of non action” is equivalent to the GDP 2005 of Tunisia which amounted to 28.7 billion
dollars. During this same year, CO, emissions due to energy use were about 20 million tons in the
latter country.

This “cost of non action” remains to be compared with the costs of the actions that need to be
conducted in order to achieve the objectives of improvement of energy intensity and promotion of
RE.

The national analyses (Egypt and Tunisia) conducted within the framework of this report reveal that:

e In Tunisia, the cost of saving the equivalent of one TOE thanks to energy management actions
is about 40 euros ;

e In Egypt, the cost of saving one TOE based on renewable energies (wind energy) is estimated as
50 euros; to save one TOE based on energy efficiency actions, the cost is estimated as between
20 and 30 euros;

e The investments necessary to step up the contribution of RE and EE are likely to amount, for
the periods analysed (2008-2011 for Tunisia, 2008-2015 for Egypt) to 10 and 13%, respectively,
of the amounts of investment envisaged in the energy sector over the same period and would
need to be outlaid in addition to the latter.

To the purely economic and financial advantages, there must be added potential fringe benefits in
terms of employment and development (industry and services), which have already been observed in
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countries that have set up dedicated vocational training schemes (Tunisia, Morocco), and for the
health of local population. Further, there must also be added the potential financial gain that would
be possible within the framework of the Clean Development Mechanism.

Awareness is on the increase, but progress in terms of EE and RE
remains limited

Awareness about the importance of easing the energy constraints and the obviousness of the link
between environment and development in the Mediterranean is on the increase.

On the Northern rim, in the European Union, the adoption of drastic measures for the
development of energy efficiency, promotion of renewable energies and reduction of GHG
emissions attest to this awareness. On national level, several SEMCs are also geared up for a greater
energy sobriety.

Basin-wide, and on the political level, the
adoption in November 2005 of the %
“Mediterranean Strategy for Sustainable
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With reference to the objectives of RE and
EE of the MSSD and to the Plan Bleu
Report of 2005, one observes the following:

Source: OME.

e In the SEMCs, with very few exceptions, concrete applications of RE are on the increase, but
remain limited. The share of RE (hydropower, wind, solar, geothermal) in the consumption of
primary energy passed from 2.5% in 2000 to 2.8% in 2006, which remains in line with the MSSD
objective of 7% by 2015;

e Energy intensity in the Mediterranean countries as a whole was up by 0.3% per year between
1992 and 2003, which is far short of the 1 to 2% growth rate put forward by the MSSD. Besides,
the tapping of the EE potential seems to be “neglected” by comparison with the development of
RE.Un cadre institutionnel et reglementaire a finaliser et des barriéres économiques et financicres
a lever

An institutional and legal framework to be finalised and economic and
financial impediments to be lifted

Energy efficiency options seem, therefore, to be still under-tapped. Yet, the several projects
implemented and the experiences of a few countries in certain dedicated sectors (Tunisia, Morocco,
Egypt, Israel, for instance), prove that RE and EE are proven, appropriate and advantageous
options.

The challenge for the region remains a massive generalisation of success stories, the creation of a
Mediterranean RE and EE market, and a focus of investments on RE and EE.
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The obstacles on national level, as identified in this report, relate to:

e The institutional and legal frameworks necessary for the development of a real energy efficiency
market which, despite the progress made, are still often incomplete, little visible and—at times—
instable;

e Lack of information on the importance of the economic and financial gains for both investors
and consumers of energy efficiency actions;

e Economic impediments: subsidies for fossil energies in several SEMCs lead to fairly low end-user
price; besides, a low efficiency of the economic and financial incentives for RE and EE is
sometimes observed.

A strong political will on national level is indispensable to overcome these impediments.

Regional and international cooperation has no doubt a significant role to play, especially by acting as
a lever and facilitating transfer of technology and know-how between the Northern rim, where
technologies are available—for RE, for instance—, and the Southern rim where natural conditions
are more favourable and energy efficiency potentials more important. In future—subject to
convergence of the legal frameworks between the countries of the region—export of “green”
electricity from the Southern rim to the Northern rim, and the European Union, as a whole, could
become a reality, especially via the development of the solar sector. The Clean Development
Mechanism (CDM) is also an instrument that needs to be better tapped in the region.

It is no longer possible to consider the development of the energy
system independently from the other sectors

In order to yield significant effects, the measures outlined above must be accompanied by evolutions
in several strategic sectors for which energy efficiency and renewable energies can be considered, not
only as measures of reduction of CO, emissions, but also as measures of adaptation to climate
change.

The report analyses the implications of climate change for the linkages between energy and water,
woodlands, tourism and urban areas.

Thus, electricity needs for water production and mobilisation, which currently account for about
10% of the power demand of the SEMC:s, is likely to account for 20% of it for the time-frame 2025.
This trend could be curbed, firstly, by the implementation of policies of rational water use and,
secondly, by the use of RE and most energy-efficient technologies for the mobilisation of non
conventional water.
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GENERAL CONCLUSION

The Mediterranean, and more especially the Southern and Eastern rim, is and will be more affected by climate change
than most other regions of the world in the course of the 21st century.

The impacts of the rise in temperatures, the decrease in rainfall, the multiplication of the number and intensity of
extreme events and the possible rise in sea level overlap and amplify the already existing pressures of anthropogenic origin
on the natural environment.

Through the crucial issue of scarcity of water resources, their impacts are fraught with consequences in the 21st century
for human activities, in particular agriculture, fishery, tourism, infrastructures, urbanised coastal areas and hydropower
production. In order to minimize as much as possible the economic losses and damages, several adaptation options must be
thought out and implemented.

Energy lies at the heart of the climate change issue. On the one hand, it is the main GHG emitting sector, and CO2
emissions in the future are likely to increase much more rapidly than the global average. On the other hand, hydropower
production—relatively significant in certain countries (13% of power production in the SEMCs)—is affected by the climate as
well as by the plant cooling constraints. Lastly, the energy demand (in particular, electricity) which is growing at a very
high pace in the region, is likely to be further accelerated by the additional demand necessary to lessen the impacts of
climate change (water desalination, air-conditioning of buildings, . . . etc).

Developing renewable energies on a large scale, granting priority order to energy efficiency in order to gain control over
demand and CO2 emissions, and easing energy constraints, all constitute today an economic opportunity for the SEMCs.
The costs of non action show that, investing today in this field can generate economic benefits of about 30 billion $ within
the fairly close time frame of 2015 (with a barrel at 120 USD). Besides, saving one TOE costs 4 to 5 times less than
mobilizing one additional TOE of fossil energy.

In the SEMCs—now in fast development—, several anticipation possibilities exist for the 7 to 10 coming years in order to
gain control both on rising consumption and increasing CO2 emissions, and to mitigate the vulnerability of the energy
sector.

The energy efficiency (EE) option is possible at once and presents the highest cost/effectiveness ratio, particularly in the
building sector (solar water heating, low consumption lighting, insulation of buildings), but also in the industry and the
transport sectors.

The renewable energies (RE) option is also possible at once, concurrently with other sectors. The solar sector is
particularly interesting, not only on national level, but also for the development of a Euro-Mediterranean renewable
electricity market.

Accelerated penetration of natural gas and/or the rehabilitation of older plants are also solutions to reduce CO2 emissions.
Other options, such as that of the capture and storage of carbon to mitigate the emissions due to the use of coal for power
production, seem to be still quite costly and uncertain, and are unlikely to report a large-scale development in the SEMCs
within the time frame 2020-2025.

Lastly, the options taken—particularly in the sectors of “water”, urbanisation and tourism (transport, land use planning,
buildings)—will determine the future growth of energy consumption and the vulnerability of the region vis-a-vis climate
change. They can no longer be addressed independently from energy issues.

To date, given the constraints and uncertainties—both climate and energy related—and the growth of energy demand in
the SEMCs, stepping up the role of RE and EE in all sectors becomes more a necessity than a choice.
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GENERAL INTRODUCTION

Context

The Intergovernmental Panel on Climate Change (IPCC) has confirmed in its Report 4 (AR4, 2007)
that the rise in greenhouse gas (GHG) concentration in the atmosphere was due to anthropogenic
activity—in particular energy consumption and production—and that, consequently, temperatures
are likely to significantly rise in the coming years.

The Mediterranean—especially its Southern and Eastern rims—is likely to be more affected by
climate change than most other regions of the globe in the 21" century.

The impacts of the rise in temperature, drop in rainfall, increase in number and intensity of extreme
events, as well as of a possible rise in sea level, could thus overlap and exacerbate the pressures due
to anthropogenic activities that are already exerted on the natural environment.

Manifested above all in the central issue of water resources scarcity, the impacts should be
particularly strong on agriculture, fishery, tourism, infrastructures, urbanised coastal zones and
hydropower production. In order to minimise as much as possible the ensuing economic damage
and losses, several adaptation options must be identified and implemented.

Energy lies at the heart of the climate change issue. Indeed, the energy sector is the main GHG
emitter—with CO, emissions increasing more rapidly in the Mediterranean than on global level, on
average—and climate change directly influences energy production and consumption (especially
electricity). Accordingly, in the face of climate change and its unquestionable reality, the region must,
on the one hand, adapt its energy system and, on the other hand, opt for low-CO, emissions energy
solutions in order to participate in the climate change mitigation efforts.

In view of the above, Plan Bleu and the European Investment Bank (EIB) have cooperated to
produce a Report on “Climate Change and Energy in the Mediterranean”.

Drafting of the Report

In order to draft this Report, Plan Bleu has enlisted the contribution of regional institutions and
national experts knowledgeable in the field of climate change and energy (MEDIAS, the
Mediterranean Energy Observatory (OME), the French Environment and Energy Management
Agency (ADEME), the Tunisian National Agency for Energy Management (ANME), FEMISE/
Mediterranean Institute. In total, twenty five contributors have been directly involved in drafting the
Report, of whom an International Steering Committee—composed of IPCC, OME, ENDA NGO
and national government experts—has supervised and directed the works.

This Report follows upon the previous works of Plan Bleu on energy, sustainable development and
climate change. In particular, it draws upon the Plan Bleu Report entitled “The Mediterranean: Plan
Bleu Environment and Development Outlook™ (2005), as well as upon the activities conducted in
2006-2007, as part of the follow-up on the Chapters entitled “Energy and Climate Change” and
“Water”, of the Mediterranean Strategy on Sustainable Development (MSSD).

Besides the mining of regional data bases (EUROSTAT/MEDSTAT, MEO (OME), Plan Bleu,
FEMISE) and international data bases (World Bank, World Resource Institute, UNO, IMF), several

sets of information and case studies have been conducted or compiled during expert workshops
(particularly in partnership with MEDITEP and ENERGAIA).
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The Report comprises 11 chapters. Each of them can be read separately from the others, though the
set of chapters does constitute a consistent and cohesive whole. The Report brings into play a
variety of methodological approaches: climate models, economic models and simulations, and
prospective and systemic energy projections (sector-system interactions) and endeavours to quantify
the energy (and related emissions) trends, thus providing detailed quantification of the region’s past
trends (over the last 35 years) and future prospects (up to 2025).

Report objectives and contents

The Report covers the 21 Mediterranean riparian countries, though with a special focus on the
Southern and Eastern rims of the Mediterranean basin.'

It is divided into three parts.

Part I provides a summary overview of the scientific results related to the possible climate evolution
in the Mediterranean in the 21" century. The impacts associated with the possible evolutions are
analysed. Their expected effects in economic terms are addressed via a review of the economic
literature on the costs of climate change. Lastly, this Part provides both a comprehensive and
detailed picture of the past and future trends of GHG and CO, emissions due to energy use.

Parts II and III are dedicated to energy issues.

Thus, Part II examines the possible options offered to the region, as of now, to gain control over
the growth of CO, emissions due to energy use. Economic costs-advantages simulations and
quantifications are conducted for various options and alternative scenarios for the time frame 2015
for the whole region. Besides, two case studies (one for Tunisia, the other for Egypt) help refine the
analysis of alternative scenarios and their costs on country level.

Part III highlights the impacts and the vulnerability of the Mediterranean energy system (production,
distribution, consumption) in the face of the inevitable climate change in the region. Drawing upon
case studies, this Part underscores the fact that the power production sector is itself disrupted by
climate change. It also shows how development options in key sectors/resources (forestry, water,
building, tourism, city) in a climate change context can in the long run strongly impact energy
demand.

! Mediterranean riparian countries: Southern and Eastern Mediterranean Countries (SEMCs): Algeria, Egypt, Israel, Lebanon, Libya, Morocco,
Syria, Palestinian Territories, Tunisia, and Turkey. Northern Mediterranean Countries (NMCs): Bosnia-Herzegovena, Cyprus, Croatia, Spain,
France, Italy, Greece, Malta, Monaco, and Slovenia. This Report also includes information on Jordan, a non Mediterranean riparian country but
participating in the Euro-Mediterranean partnership.

xiii






PART 1

Climate change in the Mediterranean:
scientific knowledge, impacts
and green house gas emissions




INTRODUCTION

Part I objective is to assess climate change in the Mediterranean, its physical and economic impacts
and also to consider the region’s contribution to this global phenomenon.

Chapter 1 analyses scientific results form climate models, the impacts on the natural environment of
possible changes and their physical effects on human activities.

Chapter 2 studies the economic impact of climate change in the Mediterranean. From a review of
the existing literature, it highlights cost of climate change, as computed by economists.

Chapter 3 depicts the contribution of the region to global climate change through a detailed analysis
of greenhouse gas and CO, emissions.



CHAPTER 1

Mediterranean Basin: Climate Change and Impacts during the
21 Century
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PART 1 Climate change in the Mediterranean: scientific knowledge, impacts and green house gas emissions
CHAPTER 1 Mediterranean Basin: Climate change and impacts during the 21st Century
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KEY MESSAGES

Changed in the far distant past and in recent period:

In the Mediterranean, the far distant past has witnessed some major climatic changes (with temperatures which could on
average be 8°C below current ones (20, 000 years ago) or 1 - 3°C higher (6,000 years ago). Landscape, fauna and flora
and coastal layout were very different depending on the period (due to variations in sea level of several tens of metres).
These developments took hundreds if not thousands of years.

The current situation, however, and the one expected to prevail over coming years is marked by the speed of the changes
coming about. This factor amplifies the expected impact since relatively rapid developments give ecosystems or societies
no chance to acclimatise and gradually adapt. Moreover, we are witnessing meteorological events on an unprecedented
scale. In June and July 2007, for example, two extreme heat-waves struck south-eastern Europe, with daily highs of over
40°C/104°F even climbing to 45°C/113°F in Bulgaria.

During the 20th century, air temperature in the Mediterranean basin was observed to have risen by 1.5-4°C depending on
the sub-region. Over the same period and with clear acceleration since 1970, temperatures in south-western Europe
(Iberian peninsula, south of France) rose by almost 2°C. The same warming effect can also be seen in North Africa, albeit
more difficult to quantify given the more patchy nature of the observation system.

Some uncertainties but a set of consensus making the Mediterranean a climate change “hot spot” for the 21 century:

Uncertainty about regional climate forecasts in the Mediterranean basin for the 21st century can largely be attributed to
the fact that numerical methods and disaggregation techniques differ from one regional model to the next. Similarly,
uncertainty regarding the multiplicity of areas affected is due to the fact that interaction and retroaction between the
‘sphere’ components (physical systems) comprising the climate (including the biosphere) are highly complex.

The conclusions drawn by climate specialists converge, however, on several points of general consensus:

e Even if the European Union’s objective of not exceeding a global average temperature increase of 2°C is met,
temperature increases in the Mediterranean are likely to be above 2°C and, because of the ecological and socio-
economic characteristics of the areas, the impact will be more marked than in many other regions of the world; The
Mediterranean has thus been qualified as the « hot spot for climate change» (Giorgi, 2007).

e A general decrease in average rainfall is expected throughout the Mediterranean basin.

e The most vulnerable areas of the Mediterranean are the north African ones bordering on the desert areas, the major
deltas (Nile, Po and Rhone, for example), the coastal zones (both Northern and Southern shores) as well as socially
vulnerable areas and those with rapid demographic growth (southern and eastern banks, dense towns and suburbs)
(IPCC AR4, 2007).

e The impact of climate change on the environment is already noticeable in the Mediterranean, and is already
producing observable effects on human activity.

e Given the uncertainty previously referred to, more optimistic or more pessimistic scenarios (breakdown scenarios
with abrupt and rapid change) around the central ones presented here are not to be ruled out.

Thus a consensus has been reached on temperature increase and precipitation decrease in the MB as a whole.

e According the 4th IPCC Report under the scenario A1B, air temperature will increase between 2.2°C and 5.1°C in the
Southern Europe and Mediterranean region if the 2080-2099 period is compared to that of 1980-1999 (with some sub-
regions differences).

e The same projections assume a decrease for the precipitations between 4 and 27% in the Southern Europe and
Mediterranean region (while the Northern Europe region will record an increase between 0 and 16%). An increase of
drought periods (associated to land degradation) being declined by an high number of days recording more than 30°C
is also expected (Giannakopoulos and al. 2005).

e Extreme event such as heat wawes, drought or floods could be more frequent and stronger.

e As for the sea level trend/change there is still a need for longer time-series from satellite altimetry and for an
improved in-situ tide-gauge network to attain robust conclusions. Only a few climatological studies estimate that a
mean 35 cm sea level increase could occur during the 21st century.

Water at the heart of the main expected impacts of climate change on the natural environment in the
Mediterranean, which are:
e Water: A rapid change in the water cycle due to increased evaporation and less rainfall;

e Soil: A drop in water storage capacity (because of changes in porosity as a result of temperature change, making it
drier), accelerated desertification which is already underway (soil over-use and depletion);

e Land and marine biodiversity (animal and plant): A northwards and altitude shift of certain species, extinction of the
most climate-sensitive or less mobile species and the appearance of new ones;
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e Forests: increased fire hazard and risk of parasites;

e Living beings: animal and human health issues due to repeated thermal stress (heat-waves) and the possible
appearance of infectious and parasitic disease in areas not usually affected to date.

Impacts with major direct physical consequences for human activity

Since these impacts add to and intensify the pressures which already exist on the natural environment, their effects are
therefore expected to become even more marked over the 21 century which will have major direct physical
consequences for human activity.

The water issue, already central to sustainable development concerns in the Mediterranean (particularly to the South)
because it is so scarce, will be a key factor through which the effects of climate change on human activity are expected
to spread.

The main human activities and areas directly affected by the effects of climate change in the Mediterranean are:

e Agriculture and fisheries: Agricultural and fishing yields are expected to drop (as a result of the accumulated
conditions related to temperature, rainfall, the state of the soil and the behaviour of animal and plant species). In
Morocco, for example, the Cropwat model (FAO, 2001) applied to winter cereal crops under 3rd IPCC report scenarios
show yield decreases by 2020 in the order of 10% for a normal year and 50% for a dry one and a 30% drop in national
production. In a drier, hotter climate, crops will require more water. It can also be presumed that if fish populations
change (through species migration and/or changes to the food chain) to the benefit of species of sub-tropical origin,
this will in turn profoundly affect catch value and quantity.

e Tourism: The climate is an essential component in the choice of tourist destination. If heat-waves and summer
temperatures increase, creating problems with water resources, the Mediterranean regions could end up becoming
less attractive than more northern climes. Some estimates suggest that 1°C of warming by 2050 could drive tourist
numbers on the southern shores down by 10%.

e The coastal zones: Greater exposure of infrastructure to wave action and coastal storms could be cited as one of the
most serious effects. The same problems will be faced by port installations (Alexandria, La Golette), lagoon areas
(Venice), and deltas (Nile, Rhone). The costliest effects for infrastructure will be the ones related to extreme,
intense but short-lived events.

o Energy: The energy production sector is the industrial activity most physically affected by the effects of climate
change. One consequence of increased hydric stress coupled with the increased frequency of extreme climatic events
would be a drop in hydro-electric potential and the cooling potential of thermal plants (reduced yield). The probable
increase in the number of extreme events would entail re-scaling or modification (e.g.: dams designed for much
higher peak flows than is currently the case ...).

The Mediterranean basin can thus be seen as a “laboratory” for assessing vulnerability and impact of climate change and
for introducing adaptation and emission reducing measures.



INTRODUCTION

Context

Ibn Khaldun during the 14™ Century, promoted better and more extensive knowledge of the
political, socioeconomic activities between the East and the West, Europe and North Africa, all
‘united’ by the Mediterranean basin. His important work was based upon the fact that one thing
cannot be understood without the other, and beyond conflicts that did take place around the
Mediterranean basin, intense and productive framework of cultural, commercial and human
relationships in all direction, were linked no doubt to climate variability/change. The Mediterranean
basin (MB) and its riparian countries, solid borders and constantly moving people, can be associated
to a so-called ‘Liquid Continent’ according to the political and cultural writer Bruno Etiennel.

It should be emphasized that, during the past 50 years, climate change already displayed its
‘signatures’ onto the Mediterranean Sea. Besides the possible scenarii and impacts presented here,
the Mediterranean basin is seen as a natural "laboratory/incubator” to evaluate such changes and
forthcoming ones.

The MB is a highly heterogeneous region where natural and anthropogenic activities interact in
complex ways with climate variability/change on different spatio-temporal scales with a panoply of
multidisciplinary impacts.

The following comments and examples illustrate the complexity of interactions between
weather/climate and natural environment: in the Mediterranean Sea, would fast warming conditions
enhance the hydrological cycle? There has been a 3% increase of the global recycling rate of water
from 1988 to 1994 (Chahine, Haskins and Fetzer, 1997). Warmer dry air advected from Africa
(Sirocco) could take up more water vapor over the sea (new results from French meteorologists). If
this excess water vapor is over land, the latter could stay cooler (from larger cloudiness and/or
enhanced evaporation). The above supposes that the Mediterranean basin will be exposed to enough
solar radiation to warm up. This could happen only if cloudiness over the sea remains low over the
sea. A high-resolution cloud climatology is therefore necessary for both sea and land. Precipitation
must not necessarily increase with an increase in soil moisture? only and it might be seasonally
dependent.

In the recent past, climate models were not very reliable with respect to simulating the regional
impacts of the increasing greenhouse effect on the Mediterranean basin (Cubasch et al., 1990).
Things have change considerably since then. The most recent modelling experiments and results
have indeed been able to produce invaluable information on finer spatio-temporal scales for Europe
and the MB.

In socioeconomic terms, there is a wide spectrum of interactions with climate variability/change and
associated impacts. While such complex interactions have been established (IPCC, 4™ Assessment
Report, 2007), climate change is already having definite impacts on the Mediterranean basin and
bordering regions. It is also important to remember that integrated impacts are also due to
anthropogenic "local" activities responding to socioeconomic needs and are superimposed to
climate change. Those multidisciplinay impacts (directly upon the environment and ecosystems,
and/or upon human activities including public health issues) might then be amplified in turn,
through non-linear effects.

Uhttp://www.lapenseedemidi.org/revues/revuel /articles/19_grenade.pdf
2 Water stored in/or at the continental surface and available for evaporation. The soil moisture parameter is commonly used in climate models.
Today's models, which incorporate canopy and soil processes, view soil moisture as the amount held in excess of plant "wilting point".
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This is why time has come for planning long-term sustainable development and adaptation for
countries within the Mediterranean basin at local, national, and subregional levels. Assessing MB
climate projections for the 21st century (from past studies or hindcasting, nowcasting and
forecasting using latest downscaled models) along with associated multidisciplinary impacts has thus
become of utmost importance.

Objectives

The objectives of this report are to 1) review all recent results and knowledge on climate change in
the MB and to evaluate and disseminate latest input on projected climate change in the MB during
the 21st century.; 2) impacts from climate change on the environment and natural ecosystems and
linkages with human activities are also to be evaluated, since important socioeconomic adaptation
measures are expected.

Data Sources and Methodology

Data and results on climate change include analyzes from paleoclimatology studies and proxies.
Latest statements from the IPCC report (AR4) are also included. Climate projections for the 21st
century are from global and regional climate models including those from ARPEGE-IFS. Selected
results are from the main IPCC scenario: A1B, B1, and A2. Impact analyses and results are based
upon multidisciplinary and sectoral applied research. Finally, results concerning post-Kyoto and
from the Bali Conference are also presented.

Content

More specifically, issues on global climate change and linkages with regional signatures particularly
over the Mediterranean basin (MB) will be presented in Section I, by using results (including
uncertainties) going from general circulation models to regional (downscaled) climate models.
Specific downscaling and spatio-temporal issues (geography, topography, population feedbacks) for
the Mediterranean will be also discussed. Based upon historical climate (diagnostic and proxy
studies) and present state of the climate, MB scenarii will be proposed for parameters such as
temperature, precipitation, sea level changes (as observed from space). Based upon scientific and
ongoing monitoring results, specific and regional climate projections will be proposed for the middle
and the second part of the 21st century.

In Section II the multidisciplinary impacts, re-grouped in two sub-sections (environmental and
human activities) will be presented, namely: a) hydrological, ecosystems and biodiversity; b)
agriculture (food security), infrastructures and coastlines, and public health. At the end of sub-
section b, linkages between impacts, policy and adaptation measures will be discussed.



|. PROJECTED CLIMATE CHANGE IN THE
MEDITERRANEAN BASIN DURING THE 21°" CENTURY

In this Section, the climate change projections for the MB are presented in two ways: overall evolution over the MB of
physical parameters such as temperature, precipitation, sea level using latest results from global and regional
(downscaled) modelling remote-sensing technology, then more specific/detailed projections for the middle and the
second part of the 21st centuty. The latter is to be provided to be used by decision/policy makers and stakeholders at all
levels for putting in place the best mitigation and adaptation procedures.

1. FROM GLOBAL TO REGIONAL SCALES

The global influence of greenhouse gases (GHGs) is rather well known and results in an average
warming of the earth’s surface. More than a century ago, the Swedish researcher Svante Arrhenius
(1859-1927, Nobel prize winner in 1903), rightly suggested that our planet could be additionally
warmed due to an anthropogenic increase of carbon dioxide concentration in the atmosphere. The
earth’s radiative balance also needs to be taken into account, since the changing albedo from various
ground and clouds coverage, absorption of energy by water vapour, aerosols, play a fundamental
role in terms of energy balance. GHGs include a lot of gases such as water vapour (the most
efficient one in terms of blocking infra-red radiation from planet earth), carbon dioxide and ozone,
methane among others, and the observed influence from anthropogenic activity on GHGs’
concentration is sometimes difficult to model.

Political, industrial and commercial interests, as well as public opinions may shadow the debate on
global climate change issues. Whilst a wide range of viewpoints is issued, scientists have a major
responsibility in terms of addressing those issues and quantifying associated uncertainties. At the
beginning of the 21st century, it is interesting to evaluate the latest IPCC report (Fourth Assessment
Report or AR4, 2007) with the difference based upon six emissions scenarii. The multi-model
averages and six assessed ranges for surface warming are presented in Figure 1 (IPCC Report, 2007).

Figure 1- Multi-model averages and assessed ranges for global sutface warming (°C) during the 21st century
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Following six IPCC keys scenarii, namely: B1 (blue), A1T, B2, A1B (green), A2 (red), A1F1. The orange time-series
assumes concentration from Year 2000 onward
Source: see IPCC Report, 2007, for details

By the end of that century, a spread for values of averaged surface air temperature increase exist
among the six scenarii considered, ranging from nearly 2°C for the lowest scenario (so-called B1 and
A2, with a likely range of 1.1°C to 2.9°C) and about 4°C for the highest scenario (so-called A1F1,
with a likely range of 2.4°C to 6.4°C). The scenarii rely upon hypotheses, evaluating population
growth, economic and trade activities, and energy consumption. For a medium scenario (so-called
A1B), the best estimate is 3.4°C (with a likely range of 2°C to 5.4°C). The ranges are due to relatively
poor understanding of physical mechanisms which include feedbacks from the carbon and carbon
dioxide cycles. Interestingly enough addition of feedbacks in global circulation models (GCMs),
provides higher values on uncertainty ranges. Also the globally averaged warming values presented
through the different scenarii seemed small (last ice age was only about 5°C colder than present).
But a relatively small change in average temperature can result in much greater intensity of extreme
weather events, through non-linear interactions. It is those extreme weather events (climate related)
that produce many of the significant regional and local impacts that affect human society as a whole.
For example, it is very likely that heatwaves will increase in intensity (possibly frequency and
duration), while heavy precipitation (lack thereof) events will be distributed differently from know
climatology. These projected changes in extremes will continue contributing to trends which are
already observed. Projection from global assessment/analysis becomes quite complex when it is to
be regionally downscaled to the Mediterranean basin (von Storch et al,, 1993; Giorgi et al., 1992;
Conway and Jones, 1998; Riisdnen et al., 1999). Early-on, these assessments were the purposes of
the ECLAT-2 3 and ACACIA + European projects (Parry, 2000). Scientific conclusions with
managerial/impacts issues had been thus presented to the French GICCS project.

One way to classify global climate change issues applied to the Mediterranean basin could be:
e What is the regional contribution of GHGs to energy equilibrium?

e What are the regional and local anthropogenic spatio-temporal evolutions?

In addition, downscaling from GCMs to regional Climate Models (RCMs) and local spatio-temporal
scales presents a scientific challenge in itself, since the MB represent high degrees of complexity,
including processes which might be more difficult to apprehend. In (Figure 2) sea-atmospheric
interactions and spatio-temporal complexity are highlighted (abscissa represents time scales from
century to extreme events time scales including quasi-decadal and seasonal variability; adapted from
HYMEX, 2007). Also understanding the MB climate change and the regional ‘global carbon cycle’
remains a challenge. Carbon stocks in known reservoirs and carbon flows between the latter and
relevant to the anthropogenic perturbation are difficult to assess (Schimel et al., 1996). For example
it is often assumed in ‘balancing carbon flux’ computation that the net ocean carbon uptake of the
anthropogenic perturbation equals the net air-sea input plus runoff minus sedimentation (Sarmiento
and Sundquist, 1992). Finally the important anthropogenic activity per-se in the MB is to greatly
influence the so-called ‘natural climate state’ of the basin itself.

3 "A Concerted Action towards the Improved Understanding and Application of Results from Climate Model Experiments on European Climate
Change Impacts Research". A secondaty objective is to keep EU research into the climate change abreast of developments in climate modelling and
informed about the availability of results from new climate change experiments performed in Europe and worldwide.

4"A Concerted Action Toward a Comprehensive Climate Impacts and Adaptation Assessment for the European Union".

5 "Gestion et Impacts du Changement Climatique". French initiative on climate change and multidisciplinary impacts.



Figure 2 - Sea-atmosphere interface processes and associated spatio-temporal scales for the Meditetranean basin
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2. MODELLING ISSUES FOR THE MEDITERRANEAN BASIN

2.1. Global and regional climate modeling

While GCMs are meant to deal with global issues, each one presents limitations for regional
applications. Indeed, some processes and physical mechanisms in the atmosphere, ocean and on
land occur at much smaller scales (such as ocean-atmosphere wave propagations). GCMs may of
course be improved (i.e., better parameterization of advection, subduction in the ocean...), but they
will always have intrinsic limitations. Moreover, when applied to regions for impact studies, they do
not always include pertinent information for a given geographic scale. For example, southern Italy or
Sicily, are not well represented in most global climate models, while the representation of major
mountain ranges (such as the Alps or the Atlas mountain ranges) which directly influence regional
climate, is over-simplified.

2.2. Using and improving RCM

When dealing with the Mediterranean basin, where the typical resolution ranges from kilometers to
tens of kilometers, RCMs must be used. These models can have a resolution of 50 km x 50 km over
the region of interest, and are sometimes downscaled to 10x10 km, though over limited areas. RCMs
in the Mediterranean basin are being developed. Some are forced by the thermal state of the sea,
while fully coupled models will have to adequately describe the deep oceanic convection and the
variability of the important THC (i.e., at first on seasonal and inter-annual time scales).

Improving RCMs is an active research field for the Mediterranean basin. According to Somot
(2005), important factors to optimize and improve the quality of an RCM over the Mediterranean
basin are:

e Improving understanding and simulation of the THC using ARPEGE-Climat and NEMO , and
computing air-ocean fluxes;

e Identifying the systematic errors of the models, running simulations over several years or decades
and testing the sensitivity of the model (feedbacks);

e Choosing specific regions forced by output from ERA40;
e Evaluating uncertainties and the spatio-temporal dependencies of the model;
e Quantifying global climate change impacts on bio-chemistry;

e Understanding and reproducing linkages between at least the Atlantic Ocean and the
Mediterranean basin.

Validation will of course be a critical step when comparing results with other RCMs at least. Past
RCM inter-comparison studies were conducted over Europe by Christensen et al. (1998) and led to
a good simulation of the aitr temperature increase (with nevertheless a +/-2°C standard deviation),
except over south-eastern Europe including the Mediterranean basin during summer..



3. FACTS ON CLIMATE CHANGE

3.1. Paleoclimatology and proxies

In order to refer to past climate conditions without instrumental measurements, scientists have used
natural environment records (or "proxies" such as tree rings, coral growth, isotope ratios...). Recent
climate changes in the natural record gathered using proxy data can thus be calibrated using the 140-
year global time-series of sea level pressure and sea surface temperature (Kaplan et al., 1998). To
understand and predict potential upcoming changes in the climate system, a more complete
understanding of seasonal-to-century scale climate variability and diagnostic studies are necessary
(Tourre and White, 20006). Some studies have indicated that the earth has warmed by 0.4°C to 0.8°C
from 1860 to the present. It is interesting to evaluate the interactions and feedback mechanisms
between low-frequency climate oscillations (such as the multi-decadal signal, among others) and that
due to anthropogenic activities and the industrial revolution.

Physical laws are independent of time. Thus, any model which can be used to predict future climate
can be checked "backwards" using paleoclimate records (so-called hindcasting). Such an invaluable
validation can help answer questions such as:

e Why is the last century climate change unprecedented when compared to changes during the last
500, 2000 and 20,000 years?

e Do recent global temperatures represent new highs?

e Why is the recent rate of global climate change unique?

IPCC is greatly indebted to paleo-climatological findings for the consolidated information edited in
its 2007 reports (AR4). These findings will be very useful for a better understanding of future
climate change scenarii in the Mediterranean basin.

3.2. Past Mediterranean climate

(PMIPS), which had a double objective:

Analyze the natural climate variability at a multi-millennium scale in order to estimate anthropogenic
impacts, and ii) test climate model sensitivity by using regimes different to the present one
(Joussaume et al., 1999).

Twenty thousand years ago, cold steppes (with sparse forests) extended from the south of Spain to
Caucasus. In the northern part of the Mediterranean basin, the temperature of the coldest month
was 15°C lower than it is today (Peyron et al., 1998). Less water was available for vegetation.
Modelling results tend to underestimate the winter coolness (-5°C instead of -15°C) and the dryness
during the vegetation growing period, which can be attributed to a poor knowledge of the past
thermal state of the Mediterranean Sea.

6 PMIP (Joussaume and Taylor, 2000): an international project involving members of all the major climate modeling groups wotldwide under the
auspices of the World Climate Research Programme (WCRP) and the International Geosphere-Biosphere Programme (IGBP).
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Much more reliable results may be obtained 18,000 years ago (see Figure 3, where isotherms and
coastal areas are depicted; from Doumenge, UNU lectures, 1997) or during the mid-Holocene 6,000
years ago. Vegetation and climate maps from that period were issued (Cheddadi et al., 1998). The
deciduous and mixed forests, which progressively extended north-eastward, were also present in the
Maghreb and in the Sahoura Valley, for example. The climate was warmer (+1°C to +3°C during
winter), whilst more water resources were available for vegetation growth (an estimated 8% to 15%).
Models evidenced a more contrasted seasonal situation than the current one, with hotter summers
(+2°C), and colder winters (-1°C to -2°C), leading to similar mean yeatly temperatures.
Nevertheless, the models also tend to underestimate the rainfall pattern increase. A 1°C temperature
increase could cause a mean 100-km vegetation shift towards the north. When simulations based
upon a 2°C temperature increase and a doubled CO, concentration were made (Cheddadi et al.,
1998), results did not simulate an extension of the arid Mediterranean zones in the northern part of
the basin, but rather a development of the deciduous forest, as during the Holocene.

Figure 3 - The Mediterranean basin 18,000 yeats ago. Isotherms in °C are displayed (solid lines) and dark coastal zones
depict the coastal line at that time
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It is seen that the Eastern Mediterranean (EM) was much warmer than the western basin (by ~ 8°C), and the extent of

the Adriatic Sea was extremely reduced at that time
Source: Doumenge, UNU, 1997

The above comparisons show that anthropogenic activities cause climate changes not only
comparable to natural ones, but on a much faster timescale. Such impacts from human activities
during the past 300 years will be studied using datasets from the BIOME 3007 project, an initiative
by PAGES (Past Global Changes, a core project of the International Geosphere-Biosphere
Programme IGBP) and LUCC (Land Use Land Cover Change). It is to reconstruct global land
cover/land use over the past 300 years, using both historical and pollen data (Thomson, 2000).
Interestingly enough the first hydrothermal vents had been discovered through the JASON
exploration project (from the Kleberg Foundation) in 1989.

7 BIOME 300: A PAGES (Past Global Changes, a core project of the International Geosphere-Biosphere Programme or IGBP) and LUCC (Land Use
Land Cover Change) initiative, aimed at reconstructing global land cover/land use over the past 300 years, using both historical and pollen data.



4. CLIMATE CHANGE PROJECTIONS : RECENT RESULTS

In the following it is difficult to present results based only on latest available results and climate projections using only
one IPCC scenario. So a blend of results using the A1B, B1, and A2 more ‘conservative’ IPCC scenatii are presented
from different research teams, with some consensus being highlighted at least in terms of changes in the rainfall regimes.

4.1. Overall regional scenarii

In 1996, J.P.Palutikof and T.M.L Wigley (Climate Research Unit, or CRU of East Anglia University),
published a synthesis of available scenarii for climatic change in the Mediterranean basin. Using four
downscaled GCMs: the UKMO - Meteorological Office model, the GISS (Goddard Institute of
Space Studies) model, the GFDL (Geophysical Fluid Dynamics laboratory) model, and the OSU
(Oregon State University) model. Since then, additional studies for recent changes and potential
causes of large-scale and regional circulation indices have been explored over Italy, the Iberian
Peninsula and Greece (Brunetti et al., 2001; Goodess and Jones, 2002; among others). In general,
and since the seminal work by Palutikof and Wigley, the main objectives had been to investigate
how the characteristics of daily rainfall and the occurrence of temperature extremes have changed
over a Mediterranean transect from the Iberian Peninsula to Greece during the second half of the
20th century (i.e. the period when NCEP reanalysis data is available). The roles of the global
variability/changes of climate indices such as the AO, AMO, NAO, NAWA (see Box n°1)
atmospheric humidity, mean surface temperature, among others were investigated to see if empirical
relationships could be derived in terms of rainfall input and temperature extremes. And finally
would the above variability/changes coincide with GCM and RCM projections, taking into account
anthropogenic climate change?

The emphasis of the completed work by Goodess and Jones (2002) is on rainfall (in particular,
trying to explain the complex patterns of change in rainfall probability and intensity) rather than
temperature, and on the Iberian Peninsula and Greece rather than Italy (for which a number of
papers have recently been published by Italian researchers, based on a much denser network of
stations. Even if it is shown that changes hide a more complex picture than could be expected, the
integration from the above analyses and results can be used to establish scenarii for specific regions
in the Mediterranean basin.
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Mediterranean climate in a global context

The climate of the Mediterranean basin interacts with other parts of the world. It is directly linked to the Atlantic ocean
through its ‘14 km umbilical cord’, so that its full-body water is entirely renewed every ~100 years. The winter Arctic
Oscillation8 (AO) or Northern Annular Mode9 (NAM), which have signatures on the northern Atlantic Ocean (North Atlantic
Oscillationm, or NAO), the Atlantic Multidecadal Oscillation (or AMO) and thermohaline circulation (THC, see footnote 14),
and the Indian/Asian monsoons are also linked to Mediterranean climate indices such as the Mediterranean Oscillation (MO)
and the North Africa Western Asian11 (NAWA). Changes in the phase of the NAO are associated with storm track locations
over the Mediterranean basin and observed eastern Mediterranean (EM) rainfall anomalies. Indeed, large-scale northern
Atlantic atmospheric mass re-arrangement, primarily a modulation of the Icelandic low and the subtropical high pressure
systems, tend to extend over the Mediterranean basin. For example, sea level pressure anomalies over Greenland-Iceland
are thus associated with reversed-polarity anomalies centered over the northern Adriatic; elevated Greenland sea level
pressure is accompanied by anomalous cyclonic activities over the Mediterranean, and a Mediterranean high pressure
system is present when pressure over Greenland is reduced. In the EM, these anomalies result in anomalous southerlies
during Greenland highs, and northerlies during Greenland lows (Eschel and Farell, 2000; Tourre and Paz, 2004). The
modified large-scale circulation not only brings different climatic ‘regimes’, but also generates changes in the interactions
between different scales of motion down to land-sea wind and mountain induced circulation systems. This in turn affects
rainfall patterns and the partitioning of energy at the surface. These processes are also responsible for the large inter-
annual variability of the regional ‘Mediterranean climates’. The NAO is displaying more positive phases since the mid-to-
late 70s which could be one of the Atlantic signatures of global climate change (Tourre and Paz, 2004). Finally, the NAWA
index has a direct relationship with African/Sahelian precipitation rates (Oszoy et al., 2001; Paz et al., 2003; Tourre et al.,
2006; Suselj and Bergant, 2006, among others).

4.1.1. Temperature scenario

The projected globally averaged temperature increase is reflected by complex regional and local
patterns of regional precipitation/drought changes (see next section on rainfall scenario). This might
explain why the regional temperature variation range from 0.7°C to 1.6°C evidenced (for a 1°C
mean global temperature increase) is somewhat smaller than the 2°C increase from the global
scenario. On the northern Mediterranean rim, a sharp transition zone is evidenced between
small/large variations over the sea/inland. During winter, the regions over which temperature
anomalies seem larger than the mean global temperature anomaly cover wide areas of the Iberian
Peninsula and the EM. During spring, the opposite situation dominates. It is worth noting that these
two regions are directly influenced by the NAWA index (Figure 4, from Paz et al., 2003). In Figure
3, large dots represent the grid-points associated with the NAWA poles as identified by Paz et al.
(2003). Note that the EM is basically at mid-distance between the two poles, thus directly influenced
by changes in temperature and moisture availability linked to atmospheric pressure gradients (see
also Rimbu et al., 2001)..

8 The winter Arctic Oscillation (AO) is linked to an atmospheric pressure pattern over the polar regions which varies in opposition with that over
middle latitudes (~45° N), on time scales ranging from weeks to decades. The oscillation extends through the depth of the troposphere. It extends
upward into the stratosphere where it modulates the strength of the westerly polar vortex.

9 A broader, hemispheric-scale NH annular mode associated with tropospheric pressure differences between the polar regions and the mid-latitudes.
The AO and NAM are different ways of describing the same phenomenon.

10 Thompson and Wallace (2000) have argued that the NAO, or a difference in normalized sea level pressure between the Azotes and Iceland, is not a
regional North Atlantic phenomenon in its own right, but rather the local signature of the NAM.

' NAWA is the normalized sea level pressure difference between North Africa (NA) and West Asia (WA) as defined by Paz et al. (2003). See also
linkages between NAWA and AMO (Paz et al., 2008).



Figure 3 - The North Africa - West Asia (NAWA) index: large dots within key ovals represent the two NAWA poles as
identified by Paz et al. (2003)
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Note that the EM is basically at mid-distance between the two poles (dark double arrow), and is thus directly influenced
by changes in temperature and moisture availability linked to large-scale atmospheric pressure gradients

Source: Rimbu et al., 2001

During fall, a large area displaying strong sensitivity to global climate change has been evidenced and
includes parts of southern France, Spain, and northwest Africa (a 1.3°C temperature increase
compared to a mean 1°C global temperature increase).

Based upon control run experiment (MC) and results from Mediterranean scenario (MS), detailed
SST (in °C), 3-D averaged temperature (T3D in °C), sea surface salinity or SSS (in psu) at the end of
the 21st century are given for the Mediterranean Sea and four of its sub-basins (Table 1). Observed
values (OBS) are from the MEDATLAS-II database (MEDAR/MEDATLAS Group, 2002), and in
parentheses from Smith et al., (1996). Values with * mean that the MS-MC difference is statistically
significant at the 95% significance level (after Somot, 2005). SST and SS are seen to increase
everywhere, with larger values for both SST and SSS found in the Levantine basin.

Table 1- Sea-Sutface Temperature (SST, in °C)

Basin Mediterranean Sea
°C or pst SST 3D 555

OLS 19.7 (19.5) 13.7 3816
MT 18.7 13.2 g1
MS 217 * 14.4 % IR61*

Basin Gulf of Lions

OES 17.7(17.5) 130 3790
MC 16.8 24 3798
M5 19.8 * 137 * 3B.34 %

Basin Levantine Basin

OES 21.4(21.0) 4.0 39.06
MC 20.1 137 3904
M5 233* 147 * 3947 %

Basin Adriaric Sea

OLs 17.7(17.9) 138 3776
MC 17.0 130 1843
MS 202 * 157 * 3919 *

Basin Aegean Sea

OES L8.Y(18.7) 148 3832
MC 17.9 13 3844
M5 211 * lo.0 * 3931

3-D averaged sub-surface temperature (T3D, in °C), sea surface salinity (SSS in psu) at the end of the 21t Century for

the Mediterranean basin and sub-basins.
Source: The MEDAR/MEDATLAS Group, 2002
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4.1.2. Rainfall scenario

Variables such as precipitable water and specific/trelative humidity (as selected predictors for the
models) are all shown to have decreased over the studied period and are positively correlated with
decreased rainfall over the Iberian Peninsula and Greece. Nevertheless, some models are found to
underestimate year-to-year variability, with problems in reproducing the observed trends when Spain
and Greece are compared. This means that different underlying physical processes are at stake, and
further investigation on downscaled processes is required. The pattern of future precipitation change
indicates likely increases at higher latitudes, and decreases over subtropical land areas. Over much of
the Mediterranean basin the general tendency is towards decreasing rainfall, with complex patterns
particularly with respect to extremes (rainfall amount in quantiles). While over most of the Iberian
Peninsula, for example, there is a trend towards more rainy days. However, in southeast Spain, the
reverse is occurring, with high rainfall amounts. Over Greece, the main tendency is towards fewer
rainy days, with little change in daily rainfall amounts (strongest effects over the Ionian and Aegean
Seas during the wintertime). The rainfall changes observed over the Iberian Peninsula can, in part,
be explained by changes in atmospheric patterns and circulation over the Atlantic. They are
associated, for example, with a decrease in the frequency of cyclonic circulation types and increases
in the frequency of anticyclonic circulation types and blocking (which could be linked to changes in
the phase of the NAO and NAWA indices, see Tourre et al., 2006). The observed changes in
circulation-type frequency over Greece indicate an overall increase in rainfall amount in winter, in
contrast to what is observed elsewhere. This is true even if variables such as precipitable water and
specific/relative humidity had decreasing values during the last 50 years. However, adding such
parameters and their variability as predictors into regression models makes little difference. All
models are found to underestimate the year-to-year variability and trends, and as such cannot be
used for future projection, particularly at the regional scales. This also implies that underlying
physical processes and mechanisms might be a function of the region under study. Differences
between the Iberian Peninsula’s two regions require further investigation.

4.1.3. Sea Level Scenario

Rising global temperatures are very likely to raise the sea level by expanding ocean water and melting
mountain ice caps and glaciers. Very recent results observed that ice sheet dynamical processes from
Antarctica and Greenland could produce potentially larger contributions to sea level rise than
accounted and are not fully included in models used for the IPCC AR4 report. Based on the existing
models available for assessment, the central values for projections of sea level rise by 2100 range
from about 30 to 40 cm, and about 60% of this increase would be due to the thermal expansion of
sea water. There is less certainty with regards to the other components of sea level rise including the
dynamic ice flow contributions from Greenland and Antarctica. This is an area of great concern,
given the potential regional consequences (including changes in the Atlantic THC!2). The rapid rate
in ancient times remains relevant. It "offers a warning" to climate scientists that sea level changes
can depend strongly on factors that influence ice formation and melting factors, somewhat
underestimated by IPCC AR4 (Rohling et al., 2008). The per-century rate of 0.6 m predicted by
models could be 1.0 m less than the new findings of Rohling's team. These differences clearly
identify the need to improve Mediterranean climate models, in order to reflect additional impacts
from glaciation and melting associated with anthropogenic climate change.

The Mediterranean Sea displays rugged coastlines indented into several smaller seas: Adriatic,
Aegean, Alboran, Ionian, that require high-resolution observations for complete analyses. Altimetry
from space (i.e., the TOPEX/Poseidon program launched in December 2001) has supplied

12 THC or thermohaline circulation is the global density-driven circulation of the oceans, a function of temperature and salinity.
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scientists with time-series of exceptional quality for the study of global sea level variations. For
example, it has been found that most of the temperature variations cause most of the overall steric
sea level change in the upper 400 m of the Mediterranean Sea (MEDAR?® datasets). Between 1960
and the 1990s, cooling of the upper waters of the Eastern Mediterranean caused a reduction in the
steric heights, while after 1993 warming caused the sea level to rise. The steric sea level changes in
the upper waters of the Adriatic and the Aegean Sea seem also to be correlated with the NAO.
Nevertheless the anomalous signals ate weak (about 1-2 mm/year) and great care must be used
before data interpretation. For example, Cazenave et al. (2001) found that the steric effects have a
very small contribution to the observed rapid sea level rise in the EM. This suggests that the oceanic
circulation changes linked also with the Eastern Mediterranean Transient (i.e., changes in the deep
water formation region from the Adriatic Sea to the South Aegean) could be associated with
observed recent changes (rapid sea level rise in the EM since the mid-90s). For the time being, the
comparison between the steric sea levels and coastal tide-gauges is unsatisfactory. This discrepancy
questions both the practice of estimating basin-wide sea level changes from point measurements and
the use of steric height variations as measures of sea level variability. Moreover the diverse behavior
of the EM at sub-basin scales questions the meaningfulness of climatic basin averages (T'simplis and
Rixen, 2000). This of course deserves further investigation in the climate change context. In the
meantime, there is a constant need for continuous altimetry data for several decades in order to
minimize uncertainties as presented above and get more insights into the physical processes linked
to sea level variability/change. One of the goals of the Jason-1 satellite, which is celebrating its five
years in orbit in December 2000, is to observe sea level variation with millimeter accuracy. Figure 5
shows the Mediterranean sea level changes during the first seven years of TOPEX/Poseidon (from
LEGOS-GRGS-CNES laboratories and organizations).

Figure 4 - Mediterranean sea level changes as obsetved duting the first seven yeats of the TOPEX/Poseidon project
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Changes are in mm/yr from negative values (dark blue to dark green) to positive values (from light green to dark red).
The east-west change is conspicuous, with a definite sea level increase tendency over the EM

Source: LEGOS-GRGS-CNES

Rising sea level during the 21" century is expected to destroy areas where sand belts are essential for
the protection of lagoons and low-lying reclaimed lands. The impacts can be very serious in Egypt
where 1/3 of fish catches are from lagoons. Sea level rise would thus change the water quality and

13 MEDAR datasets: provide annual 0.2 x 0.2 temperature and salinity fields for 25 levels in the Mediterranean Sea.
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affect most fresh water fish. Valuable agricultural land would be flooded as well, threatening
Alexandria and Port Said. Recreational tourism beach facilities are to be endangered with salination
of groundwaters and increasing wave actions.

In-situ monitoring GPS buoys have been deployed under Jason-1 ground-tracks in the EM (Ionian
and northern Aegan Seas) to minimize uncertainties in monitoring the sea level. These buoys
provide instantaneous sea surface height (SSH) underneath the track, and specific evolution of
mesoscale eddies (Figure 6). They also contribute to the validation and calibration of the radar
altimeter data (Limpach et al., 20006). This is how, by studying the Ionian Sea off the tip of Italy and
during the first seven years of operation, it was found that the sea level fell (see Figure 5).
Mechanisms and potential socioeconomic impacts from such changes deserve further investigation.
Using four satellites with altimetry capabilities (Jason-1, ENVISAT or ERS-2, TOPEX/Poscidon,
and GFO), resolution of SSH measurements has been greatly enhanced. Three satellites are needed
to observe eddies and mesoscale phenomena in the Mediterranean basin (see Figure 6). Continuity
of such observations is a pre-requisite in a climate change context. The launching of Jason-2 is
planned for 2008 (a joint-venture between CNES, Eumetsat, NASA, and NOAA).

Figure 5 - From the use of four altimetry satellites

Hiem)

Jason-1, ENVISAT or ERS-2, TOPEX/Poseidon (T/P), and GEOSAT Follow On (GFO), resolution of sea sutface
height (SSH) measurements has been greatly enhanced. Satellites are needed to obsetve small-scale phenomena such as
eddies and mesoscale in the Mediterranean basin. Continuity of space monitoring (combined with in-situ measurements)
is a pre-requisite for detailed assessment of sea level changes in a climate change context. The launching of Jason-2 is
planned for 2008

Source: Joint-venture between CNES, Eumetsat, NASA, and NOAA

It is worth noting that models have been developed to run climate scenarios for given countries. For
example, MAGICC/SCENGEN™ uses a one-dimensional model of climate and allows a uset to

4 MAGICC/SCENGEN: A user-friendly software package that takes emission scenarii for GHGs, reactive gases, and sulfur dioxide as input and
gives global mean temperature, sea level rise, and regional climate as output. MAGICC is a coupled gas cycle/climate model. It has been used in all
IPCC reports to produce projections of future global mean temperature and sea level change.
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select regional/national emission scenarii, climate sensitivity, time scales and other factors (Wigley,
2005). The MAGICC component estimates change in global mean temperature and sea level rise.
The SCENGEN component uses the global mean temperature output from MAGICC, to scale up
the results from GCMs and give regional output on temperature and precipitation on a 5 x 5° grid.
MAGICC/SCENGEN also allows a user to compate average changes in temperature or
precipitation simulated by different GCMs. This is an indication of whether or not the models are in
agreement on the direction of change. The model can be obtained at

http://www.cgd.ucar.edu/cas/wigley/magicc/.

4.2. Projections in the Mediterranean basin: 2025-2050 horizon

Giannakopoulos and al. predict for the 2025-2050 period (average values under A1B, B1 and A2
scenarii, with different uncertainty ranges)the following changes (see Figure 7, Table 2) the number
of summer days with temperatures higher than 25°C (top); the number of summer days with
temperatures higher than 30 °C (bottom). In Table 2, four levels of temperature and rainfall changes
(large to none) in the Mediterranean basin from a 2°C global temperature increase are given. Note
the slanted black oval which depicts large temperature changes in the Mashriq (adapted from
Giannakopoulos et al., 2005).

Figure 6 — (top) Number of summer days with temperatures above 25°C; (bottom) Number of summer days with
temperatures above 30°C.

mean future — mean contro
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It is readily seen that for both the increase in the number days higher than 25° C and 30° C are around the
Mediterranean basin, with values between 35-42 days above the Iberian Peninsula, the Maghreb, and over Bosnia
Herzegovina/Setbia
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Table 2— Temperature and rainfall extremes in countties from the Mediterranean basin

HIGH TEMPERATURE LOW :I'EMPERATURE RAINFALL
Summer Hot Tropical Days> Nights> Frost Ice Days< Relative Dry Rain Max. 3-da
days Days Nights |90 quantilel 90 quantile | Njghts ~ Days 10 quantilel  Var. Days | 1-10 mm Rain
NW_Ibenan 1 1 1 1 1
| Peninsula
South of France
| (niana) 1 | 1 2 2 -1
'C::oast Southern 1 3 2 2 1
rance
Corsica 1 1 2 2 2 -1
Sardenia 1 2 2
| Sicilia 2
|_N. Adriatic 2 2 -2
| Central Balkans 2 2 -2
Central Greece 2 1 2 2 2 -1
Peloponese 2 2
Crete
| Coastal Turkey 1 | 2 1 1 2 2 -1
Turkey Inland 2 -2
Cyprus 1 1 1
Lebanon/Israel 1 1 1
| Nile Delta
E. Egypt 2
E. Lybia
" W. Lybia 1 2 5
E. Maghreb 2 2 -2 -2 2 -2
| W. Maghreb 2 2 -2 -2 2 -2 1
South Iberian 2 2 2 2 2 1 2 1 2 2
| - Peninsula
|_Central Spain 1 2 2 2 2 T - 1

I Large Change =at least 1 mth duration =~ [————1 Small Change= 1 week duration
1 Moderate change = 2-3 wks duration [ 1 No Change

Assuming a “conservative” global 2°C temperature increase during the 21st Century. Largest temperature increases in
the Mashriq are outlined by a black oval. Red rectangles are for large changes for at least one-month duration, yellow
rectangles are for moderate changes for a 2 to 3-week duration, while grey rectangles are for small changes over a one-
week duration. White rectangles are for no change at all

Source: Giannakopoulos et al, 2005

4.3. Projection in the Mediterranean basin: 2050-2100 horizon

The objective of the FEuropean ACACIA project is the assessment of potential effects and
adaptations for Climate Change in Europe and the Mediterranean basin. As previously mentioned,
various reports are now available through the IPCC WG 1II, co-chaired by Perry. They include
general and specific conclusions and recommendations for Europe, and can be used directly here for
the Northern Mediterranean rim, following the A1B, B1 and A2 scenarii. In Figure 8, the yearly
number of days with temperature > than 30°C during the second part of the 21st century (according
to ACACIA Project).
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Figure 7 — Compared yearly number of days with temperature larger than 30°C between present and the second part of the
21st century

Daily maximum temperatures
Number of days per year above 30°C
UK Met. Office
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1 5 10 20 30 40 50 60 70 80 90 100 200

Larger values (reddish) during the 21st century are identified over southern France, the Iberian Peninsula, the Maghreb,
Italy, Greece and the EM
Source: UK Met. Office, ACACIA Project

According to the results from recent climate change simulations and IPCC reports (AR 4, Working
Groups I and II, on the ‘Physical Science Basis” and ‘Impacts adaptation and Vulnerability’, 2007)
the anticipated warming associated with the doubling of CO, concentration globally, is of the order
of 2.5°C +/- 0.5°C over the Mediterranean basin (average of the 5 scenarios results), independent of
the experiments and model resolutions. The warming should be slightly greater in summer than in
winter. The simulated precipitation rate should display a slight decrease annually. The decrease in
summer is less than 25%.

Figure 9 shows the annual mean temperature (bottom) and precipitation (top) response in Europe
and the Mediterranean basin from 22 models. The temperature change is from 2080-2100 minus
1980-2000 A1B scenario (From IPCC WGI, Regional Climate Projections, Supplementary material,
Chapter 11, 2007).Following this central scenario, the temperature increase will be between 2.3°C
and 5.3°C for the Euro-Mediterranean states and between 2.2°C and 5.1 °C for the South and the
East. For precipitations, the change will be 0 to 16 % increase for the Euro-Mediterranean states
and a 4 to 27 % decrease for the South and the East.
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Figure 8 — (top) Annual mean precipitation (in %) and (bottom) temperature changes (in °C) over Europe and the
Mediterranean basin from a range of 22 models
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The changes are from 2080-2100 minus 1980 — 2000, following A1B scenario. Consensus for large reduction in
precipitation are readily seen (brown shading) over the entire Mediterranean basin, whilst the largest temperature
increase (reddish areas) are over central Europe and countries around the basin such as the Iberian Peninsula and the

Maghreb
Source: IPCC WGI, Regional Climate Projections, Supplementary material, Chapter 11, 2007
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Results integration with other projects such as PRUDENCE!"S may allow the drawing of overall
conclusions over some parts of the Mediterranean basin. (Figure 10: Simulated precipitation changes
from PRUDENCE during winter (top) and summer (bottom) when the 2080-2100 and 1961-1990
petiods are compared (from RCMs used at the Rossby Center). Left/right column is for Hadley
Center/Max-Planck Institute).

15> PRUDENCE: Prediction of Regional scenarios and Uncertainties for Defining European Climate change risks and Effects. This European Union
project focuses on improving projections of future climate change and producing high-resolution climate change scenarios for the 2071-2100 period
and for Europe (including a part of the Mediterranean basin), and using dynamical downscaling methods (RCMs), performed at different European
climate modelling institutes.
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Figure 9 — Simulated precipitation changes (in %) during winter (DJF, top) and summer (JJA, bottom): 2080-2100 minus
1961-1990 periods
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Left/right columns are from Hadley Center/Max-Planck Institute, respectively. The dectease in precipitation for both
reasons are conspicuous over the Mediterranean basin, with largest negative values (in %) during summer over Spain,
Maghreb, Italy, Greece

Source: from the PRUDENCE Project using RCMs, Rossby Center

The seasonal SST anomalies (°C) during the 2070-2099 period when compared to the 1961-1990
period, using Ocean-Atmosphere Regional Circulation Model (AORCM) and coupling (OASIS)
between ARPEGE-Climat and OPAMED, using a 9-to-12 km grid-point system and IPCC Scenario
A2 (Le., [CO2] of 815 ppm at the end of the 21st century) are displayed in Figure 11 (from Jacob et
al., 2007: Seasonal temperature (wintet, top; summet, bottom) anomalies in °C). Note the large
summer anomalies (bottom) within the northwest Mediterranean basin (orange oval).
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Figure 10 — Seasonal temperature in °C (wintet, top; summer, bottom) anomalies

Note the large positive anomalies (orange oval) during summer (bottom) over the northwest Mediterranean basin

Source: Somot and al., 2007




PART 1 Climate change in the Mediterranean: scientific knowledge, impacts and green house gas emissions
CHAPTER 1 Mediterranean Basin: Climate change and impacts during the 21st Century

At Tel Aviv University, RCMs were run and analyzed for the EM (Krichak et al., 2007). It was found
that the average temperature over the Mediterranean area has increased by 1.5-4°C in the last 100
years. Temperatures for the 2080-2100 period, according to the IPCC A2 (and B2) scenario, are
predicted to increase by about 4°C and 6°C respectively over Northern Isracl when compated to the
control run for 1961-1990. Whilst precipitation over most of Mediterranean basin shows a dominant
negative trend in the last 50 years, a large negative trend in the A2 scenario is found over Northern
Israel (while B2 scenario shows no significant trend?). Interestingly enough there is in parallel a
tendency toward extreme rainfall events for the A2 (and B2) scenario. Standard deviation of the
average annual precipitation (for the 2080-2100 period) is higher in the A2 and B2. Over Israel the
tendency towards more extreme events/years could be traced to the increase in the intensity of the
"Red-Sea trough" and associated increase in frequency of synoptic systems.

The seasonal precipitation anomalies (mm/day) during the period 2070-2099 when compatred to the
1961-1990, using also the AORCM and coupling between ARPEGE-Climat and OPAMED, with
the same grid scale and IPCC A2 scenario, are displayed in Figure 12 (from Jacob et al., 2007):
seasonal precipitation anomalies in mm/day (winter, top; summer, bottom). Note the large winter
anomalies over the north EM (orange oval).

Figure 11 — Seasonal precipitation anomalies in mm/day (winter, top; summer, bottom)
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Note the large winter anomalies (orange oval) during winter (top) over the northern rim of the EM
Source: Somot and al., 2007
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5. UNCERTAINTIES ON CLIMATE CHANGE IN THE MEDITERRANEAN BASIN

Ocean-atmosphere interactions, climate oscillations and associated meteorological events (including
extreme weather events) can be stochastic (Hunt, 2004), non-linear (Canadell, 2000), often
irreversible from a thermodynamical approach. From simple biochemical and structural threshold-
like responses, cascading effects propagate and amplify throughout the climate system. Moreover,
ocean ‘climate signature’ might also be a part of an integrated red spectrum from atmospheric
random forcing (Strauss and Halem 1981). It should be underlined that, when applied to the
Mediterranean basin, complex downscaled RCMs could very well enhance such non-linear and
threshold effects, including artificial local instabilities, irreversible processes, thus increasing
uncertainties. Considering what is known about the earth’s climate, the latest climate events such as
the small Medieval warming followed by the Little Ice Age with the Maunder minimum (1303-1859),
one could mistakenly conclude that the present climate state is now stable and could ‘modulate’
climatic divergences under anthropogenic pressures (Gorschkov et al, 2000). Anticipated
anthropogenic disturbances of natural ecological communities may cause abrupt transition of the
Mediterranean climate? (Noilhan et al., 2000).

GCMs and RCMs still present “substantial uncertainties” (and have difficulties with simulating
spatio-temporal variability/changes, which prevent them from representing not only the past, but
the future of the Mediterranean climate at the regional/local (Cudennec et al., 2007). For instance, in
the catchment basin of Greece, it is found GCMs provide future projections that are too stable
when compared to climate uncertainty limits under natural variability (Koutsoyiannis et al., 2007).
The influence of orography on atmospheric circulation and other climate indices such as NAO have
been identified (Lopez-Moreno et al., 2007, among others), and it is shown that, through the use of
RCMs, changes in trajectories may lead to key redistribution of rainfall (Christensen et al., 2007).
Moreover, given the influence of snow on water resources in areas such as Lebanon (Hreiche et al.,
2007), Turkey (Tekeli et al., 2005), Spain (Lépez-Moreno, 2004) and Morocco (Chaponnicre et al.,
2007), downscaled technology and physics become crucial issues.

In summary, two main sources for uncertainties have so far been identified: i) incomplete knowledge
of physical mechanisms and processes to be included into RCMs and socioeconomic impact models;
ii) unknown human evolution and activity in the near future. The first source of uncertainty is due to
the fact that RCM shortcomings are mainly related to a somewhat crude description of unresolved
processes using statistical parameterization schemes (Benestad, 2004). Parameterization schemes in
RCMs are based on the range of observed values, which could be exceeded in the near future. Also
some projections of temperature changes for the Mediterranean basin are based upon mean air
temperature increase (both in minimum and maximum), which is not always realistic in a sense of
daily averaged air temperature change. Results from regional projections are used in impact models,
with their own uncertainties. It should be kept in mind that climate projections and scenarii
represent only the direction in which climate may change. Thus it is not reasonable to consider
climate projections with the same rate of change for the entire 21st Century. A reasonable approach
would be for example to use different air temperature projections with different accuracies for the
2025-2050, 2050-2075, 2075-2100 periods, for example. Moreover, uncertainties are expected to be
reduced with time since new knowledge and expertise on the climate system will be revealed. Also,
entire ecosystems will change and modify the boundary conditions. The second source of
uncertainties on human activity and evolution probably represents the most difficult socioeconomic
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aspect to be considered by a multidisciplinary approach. This source of uncertainty is considered
crucial for the study of specific impacts on energy, water sources, food security and public health.

6. CONCLUSION

It is remarkable to see that outputs from different downscaled models agree upon the air
temperature increase during at least the first part of the 21st century and the intensity of extreme
weather/climate events. There is new and stronger evidence of the observed impacts of climate
change on unique and vulnerable systems: environment/ecosystems and human activities. The levels
of adverse impacts are increasing as temperatures increase further. Increasing risks of species
extinction and biodiversity changes are projected with higher confidence as warming proceeds (see
Section B). There is medium confidence that approximately 20-30% of plant and animal species
identified so far are likely to face an increased risk of extinction, with a supplemental 2°C increase
from the levels of the past 20 years. Confidence has increased that such an increase in the global
mean temperature poses significant risks to many unique and threatened systems, including many
biodiversity hotspots such as the Mediterranean basin. There is also a higher confidence in the
projected increases in droughts/floods, heatwaves and thermal stress, as well as their adverse
impacts (IPCC AR4 SYR, 2007). Concerning the sea level, there are still high levels of uncertainties
which should be reduced in the near future through the continuous use of satellite altimetry blended
with real-time tide-gauge observation networks. There are sharp differences across the
Mediterranean sub-basins, but there is increased evidence that low-lying and over-populated areas
should face greater risk (for example in drought-prone areas and mega-deltas).
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Il. ENVIRONMENTAL AND SOCIOECONOMIC IMPACTS
FROM CLIMATE CHANGE IN THE MEDITERRANEAN

There is high agreement and much evidence that with current climate change mitigation policies and
related sustainable development practices, global GHGs emissions will continue to grow over the
next few decades. The IPCC AR4 SYR reports an increase of global GHG emissions by 25-90%
(CO2-equivalent) between 2000 and 2030, with fossil fuels maintaining their dominant position in
the global energy mix to 2030 and beyond. Continued GHGs emissions at/or above cutrent rates
would cause further warming and induce many changes in the global climate system during the 21st
century with impacts on the environment and human activities. There is high confidence that by
mid-century, annual river runoff and water availability are projected to increase at high latitudes.
There is also high confidence that many semi-arid areas such as the Mediterranean basin will have its
hydrological cycle highly perturbed and will suffer a decrease in water resources due to climate
change. The projected multidisciplinary impacts including those associated with the acidification of
the Mediterranean Sea are presented in this Section B. Some on the agriculture and biodiversity have
been observed for quite a while, others affecting public health are progressively appearing, such as
those associated with vector-borne/water-borne diseases and thermal stresses.

1. THE OVERALL PICTURE

Upcoming climate change in the Mediterranean basin is going to alter social and economic dynamics
and has the potential of damaging infrastructures and increase inequalities of neighboring countries.
The above could result in economic migration, and slow down access to essential resources. Climate
variability and changes had impacts in historical times in respect to the development of the
Mediterranean culture, and definite impacts on the marine ecosystems. The above had been linked
to varying sea surface temperature, sea surface salinity, as well as temperature in the water column.
Other changes have been those of water availability, sea level changes, extreme weather events
(intensity and possibly frequency) in the eastern Mediterranean basin, ocean acidification (changes in
the carbonate budget), nutrient budget and nutrient cycling, modification of coastal areas (also
associated with human pressure through population increase), public health. The water availability in
the middle of the 21st century (in % change) following the B1 and A2 IPCC scenario is given in
Figure 13.
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Figure 12— Water availability (or change in annual run-off in %) during the middle of the 21 century following the B1 (low
estimates) and A2 (high estimates) IPCC scenario
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Highest changes (- 25 to 50 % changes) are noticeable from both scenario over the Maghreb, Sicily, Eastern Spain,
Greece, Southeast Turkey
Source: from the ACACIA Project

Socioeconomic consequences are not due only to direct global warming but are also associated with
loss of inhabitable grounds (Chadly Rais, UNEP and IUCN). Human activities linked to the
Mediterranean Sea will be associated with irreversible loss of daily income. For example sea level
changes will disturb the movement of estuarine waters, impeding on clam ecosystems. Lagoon
fishing activities will also be gtreatly perturbed through enhanced floods/droughts associated with
extreme weather events. While the humid zones present in delta will be menaced, from the lack of
water in general, drought and desertification processes will enhance each other (negative feedbacks).
Global warming of the Mediterranean Sea will increase phytoplankton production, with less sanitary
conditions (including Vibrios and associated digestive diseases, see section on Impacts on Public
Health) and will affect tourism conditions (1/5 of the wotld). Socioeconomic consequences will be
enormous. Evolution of uncertainty from general interpretation of results to regional socioeconomic
impacts is given in Figure 14 (after Bergant et al, 2005), whilst the different vulnerability
components are shown in Figure 15 (after Schréter and the ATEAM, 2004).
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Figure 13— Flow of growing uncertainty from general socioeconomic assumptions to regional interpretation of results
including impacts, going from GCMs to RCMs
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Figure 14 - The “vulnerability components” from the merging of potential impacts and adaptive capacity
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Finally, when results from MAGGIC/SCENGEN as an example have been applied to the southern
Mediterranean rim in general (and Algeria in particular), it was found that for the 2025 horizon, the
shortage of atmospheric water resources would have sound impacts on fresh water (quantity and
quality), agriculture (including food security), and public health (impaired immune systems and
vulnerability to new and re-emerging diseases including epidemics). Additional detailed results and
findings on possible impacts are developed in the following five sections: 112 and 113 sections are for
direct and integrated impacts on the environment and ecosystems, while 114, B5, and 116 sections are
about impacts on human activities and health.
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2. IMPACTS ON HYDROLOGICAL CYCLE

2.1. The challenge

Water resources are scarce in the Mediterranean rim and their future availability is highly uncertain.
The resource is increasingly threatened by factors such as urbanization, population growth and
climate variability/change. The hydrological data in the Mediterranean Basin and pet country (km3
/year) which include all the different processes is available in Table 3. The water resources from the
MB are 600 km3 (including 81 km3 coming from non-Mediterranean countries). The final
consumption related of the uses is 90 km3 per year. The outgoing flow (surface + underground) into
the Mediterranean basin is approximately of 473.5 km3 (430 km3 + 43.5 km’). Evaporation from
surface water is ~ 46.5 km’ (a third -13 km’- is from dam evaporation) (source: Margat,
MEDHYCOS).
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Table 3 — Water resources from Mediterranean countries
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Most fluxes presented in this table and which include most of the hydrological cycle processes (i.e.
surface runoff, aquifer dynamics, river flows, evapo-transpiration, water availability and extreme
events...) are to be modified by the Mediterranean climate variability/change.

The challenge in the Mediterranean rim is that sectoral approaches in water management are still
prevailing while climate change has impacts on the use of renewable water, desalinization, re-
allocation of irrigation water to more productive usages which will require a multidisciplinary
approach (http://www.feem-web.it/nostrtum/, see Figure 16). In this Figure an example of
conceptual guidelines for Mediterranean IWRM and from the NOSTRUM-DSS decision-making
strategies is given. Indeed Mediterranean countries especially from the South and East (Blue Plan,
2007) have large irrigation demand for water resources (81 per cent for the countries of the South
and East and 45 per cent for the countries of the North; after Blue Plan, 2007) to be largely
impacted by climate change, in terms of aquifers reserves, water quantity and quality such as in the
Jordan region. For example the policy debate in Spain in order to overcome water scarcity and
resource degradation, highlights the difficulties to attain a sustainable management of water
resources, because of the conflicting interests by stakeholders at large (including environmental
groups). The policy measures to solve water scarcity must include banning aquifer over use, water
pricing, introducing water-pricing markets, subsidies to upgrade irrigation systems, and increasing
supply with water from inter-basin transfers or from seawater desalination (see Table 4 where water-
use for irrigation is spelled-out for some Mediterranean countries; adapted from OECD report,
2005).

Figure 15 - The multidisciplinary approach for decision makers, including linkages between regional/local policy
background and best practices guidelines for the integrated design and implementation of DSS (Decision Support Tool)
for IWRM strategies (Integrated Water Resource Management) in the Mediterranean basin

SUMMARY for policy mskers

DSE concepts, potential roles
and domains of application
related 1o the implementation of

MYRM strategies
BEST PRACTICES GUIDELIHES

Links fsourpes

Inbroduction

Examples of D55 ActonProblem Snabysis e,

Policy Dicafion Defign
Hostrum-05% Pelicy/Mecition Choice \\‘
Cate studees

POLICY BACKGROUHD
Introduction s’

AetoniProblem Analyiid
Pelicy Mecigion Design
Py Decision Chodoe

S

Source: from the NOSTRUM-DSS FP6 European Project, 2006
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Table 4 — Water use (total water extraction in hm3) from Mediterranean countries, with itrigated land surfaces

Pays Extraction totale d’eau (hm3) Terres irriguées (1 000 ha) Eau d'irrigation (hm?)
France 33500 2200 4 800
Gréce 8900 1450 7700
Italie 56 200 2700 25850
Portugal 9900 650 8770
Espagne 37700 3650 24 600
Turquie 39 800 4500 31000
Total pour 'Europe 291900 21170 109 470

In 1000 ha and irrigation water only (in hm3). A third of total water extracted is used for irrigation purposes
Source : from OECD report, 2005

Sufficient freshwater availability has always been a central prerequisite for agricultural and industrial
development in the water scarce environment of the EM. Political equilibrium in the region is
strongly linked to adequate water supply in front of increasing water demands. Sustainable
management of water resources requires scientific sound decisions on future fresh water availability.
Moreover water crises are linked to political turmoil.

2.2. Impacts

Changes in rainfall patterns on different time-space scales affect river flow. At the same time,
changes in runoff may be used as a climate change indicator. For example, records from Greece
rivers’ flow show a negative trend since 1920 (Koutsoyiannis et al., 2007) associated with a partial
decrease in rainfall amount there. Detecting runoff changes is more complex since it must include
the evaluation of groundwater pumping, such as in the Ebro River (Spain) mentioned later. The
additional complexity is that large river basins extend over geographical areas with dams constructed
over non-negligible time-periods and submitted to different climates. From modelled rainfall output
for the 21% century and based upon OPAMEDS!, yearly mean river runoff fluxes (in m’/s) applied
to the Mediterranean Sea model during each decade of Mediterranean scenario for the main rivers
and the Black Sea (fresh water input) are displayed in the Table 5. Decades are named by the first
year, 2010 for the 2010-2019 decade for example. Climatology (clim) is applied for the 1960-1999
period in the control run model with A2 scenario results every 10 years (Somot, 2005). The results
take into account the presence of the Assouan dam, which diminished the Nile flow (Vorésmarty et
al. 1996). Thus values for the Nile are the ‘clim’value multiplied by the ratio between the projected
flow and the actual flow (using ARPEGE-Climat from the PRUDENCE project). Important
decreasing runoffs are noticeable for the Rhone, Po, and Ebro rivers.

16 OPAMEDS: A high resolution Mediterranean version from OPA and NEMO to represent climate variability/change in the Mediterrancan basin
(after Somot, 2005).
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Table 5~ Yeatly mean tiver run-offs (in m3/s) for key tivers (and black sea) fresh water input around the Meditetranean
basin, following the A2 IPCC scenario

Rivers clim | 2000 [ 2000 | 2020 | 2030 | 2040 [ 2050 | 2060 | 2070 | 2080 | 2090
Rhone 1700 | 1666 | 1615 | 1649 [ 1581 | 1564 | 1530 | 1513 | 1462 | 1377 | 1350
Po 1498 | 1378 | 1288 | 1258 | 1183 | 1228 [ 1228 [ 1183 | 1183 | 1183 [ 1213
Ebre 2% | 308 [ 321 | 343 | 321 | 317 | 309 | 274 | 274 | 197 | 1E8
Nile B75 | 945 | 954 | 962 | 910 28 23 | 875 | 858 | 901 | 814
Black Sea | 8026 | 6911 | 6027 [ 5625 | 4902 | 4420 | 46061 | 4581 | 4018 | 2893 | 2330

Note: values for the Nile are corresponding to the yearly mean river run-offs in the delta area.
Source: Somot, 2005

Impacts from Mediterranean climate change on water availability in the Upper Jordan River
Catchment (UJC) have been investigated through the GLOWA-Jordan River (GLOWA JRY)
project, using a high-resolution coupled climate-hydrology RCM (http://www.glowa-jordanriver.de).
As such, the GLOWA JR project provides scientific support for integrated water resources and land
management using the so-called ‘blue-green water concept’ which includes surface, groundwater
fluxes and evapotranspiration processes. It is reminded that the UJC is to provide 1/3td of
freshwater resources in Israel. Two 30-year time slices (1960-1990 and 2070-2100) from ECHAM4
GCM (following IPCC B2 scenario) were dynamically downscaled using the non-hydrostatic
meteorological model MM5 in nesting steps with resolutions of 54 km and 18 km. The
meteorological fields in turn are used to drive the hydrological model WaSiM applied to the UJC
which has an area of about 850 km2. Surface and subsurface water flow and water balance are
evaluated in details, dynamically coupled to a 2D groundwater model. Results indicate a mean annual
temperature increase up to 4.5°C and a 25% decrease in the mean annual precipitation in the
mountainous part of the UJC. Total runoff from the catchment basin is predicted to decrease by
23%, accompanied by significant decreasing groundwater recharge (Neuman et al., 2007). Different
adaptation options are tested for their eco-hydrological and socioeconomic impacts. Eventually
information from the GLOWA JR project is to be integrated with other regional results from other
countries in order to derive a ‘centralized decision-makers support tool’ (see Table 6). In this Table,
the number of people (millions) who should experience an increase in water-stress by 2055, due to
climate change in the Mashriq region (Palestinian territories, Jordan, Lebanon, Syria, Iraq), from 6
models using IPCC A2 and B2 scenarii, are displayed (GLOWA Project, Arnell, 2004).

Table 6 - Number of people (in millions) to be exposed to water-stress by 2055, in the Mashriq, and using results from 6
models, following both A2 and B2 scenarii

HadCM3 ECHAM4 CGCCM2 CSIRO GFDL CCSR
A2 150 157 169 114 72 128
B2 95 110 168 62 64 110

Source: Arnell, GLOWA Project, 2004

The yearly mean watet-budget of the Mediterranean Sea is estimated as follows (in mm/yr):
Evaporation (E), 1,100; Precipitation (P), 400; River Discharge (R), 100; Black Sea (BS), 75. Impacts
on the hydrological cycle are of course "first order" impacts since they are linked to other
multidisciplinary impacts (i.e., agriculture, ecosystems’ evolution, biodiversity,...). Most current
climate models indicate increased dryness over the Mediterranean area. Nevertheless, Cubasch et al.
(1996) had compared results from five different low-resolution coupled atmosphere-ocean models
with no consistent picture. The main conclusion was that simulations could be improved with
downscaled and/or higher-resolution models (including complex topogtraphy).

17 GLOWA Jordan River is an interdisciplinary and international research project providing scientific support for sustainable water management in the
Jordan River region.
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Agriculture and water supply are certainly the two economic sectors most severely affected by
drought, particularly in southern Europe. Other regional studies have been undertaken, for instance
in the Maghreb countries. Because of low initial water availability, climate change impacts on water
resources will be more important over these regions: i) the average temperature increases will lead to
higher temperatures within wadi waters, which will reduce their oxygen content and associated self-
purification capacity; ii) decrease of runoff will result in higher pollutant concentrations; iii) lakes
and ground water salinity will increase ( from higher evaporation, increased water needs from
increasing population, predicted sea level rise): iv) additional pollution of estuarine water from
vibrios. As a result, the soils will be exposed to maximum erosion (see preliminary results from the
DeSurvey European project).

Increase in extreme weather events in the Northern part of the Mediterranean basin during
wintet/spring may lead to increased frequency of flash flooding and catastrophic mudslides
(ACACIA' conclusions). Mudslides in the Naples region killed 150 people (May 1998).

The hydrological regime of the Mediterranean rivers is quite specific (Graff et al., 2003; Wainwright
and Thornes, 2003). Differences between high and low water discharge can be extreme. This results
in the fact that the ratio of peak discharge on mean annual discharge in a drainage basin of 10,000 to
100,000 km2 can be one order of magnitude greater than for other rivers. This makes runoff very
difficult to predict, particularly when associated to complex topography and sparse vegetation. This
renders calculation of socioeconomic impacts even more difficult to assess. In the Mediterranean
basin, the water cycle is also profoundly impacted by socioeconomic activities (see the Liminary)
associated with efforts against water pollution, desalinization (with direct impact on crops), with
negative feedbacks. Figure 17 shows examples of Chloride (left) and Boron (right) toxicity on
vegetation such as avocados and citrus trees.

Figure 16 - Example of chlotides (left) and boron (tight) toxicity (damages in leaf reduction, and/or health) on vegetation
such as citrus trees (left) and avocados

A). The avocado tree is sensitive to chloride concentrations higher than 100-180 mg/1, whilst the citrus tree is sensitive
to concentrations higher than 200 mg/1. Background chloride concentrations in water supply usually attain about 200
mg/l. Concentrations higher than 0.5 mg/l would harm sensitive crops such as lemons. The boron concentration in
Israel’s water supply is about 0.1 mg/1

Source: Weber and Juanicd, the Israel Project, 2005

18 A multidisciplinary project that aims at offering models, methods and tools in order to assist engineers to acquire knowledge from multiple soutces
of expertize for building a corporate memory (i.e. knowledge capitalization), and a knowledge-based system.
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3. IMACTS ON ECOSYSTEMS AND BIODIVERSITY

Species and ecosystems are important for the services they provide to humans, and investigating
how climate change could affect their ability to fulfil this role becomes a prerequisite. There could
be some profound effects over the course of the 21™ century. For example, the Mediterranean Sea is
already a warmer sea still mainly populated by cold species. It has been observed that in the late 70s
new fauna had been entering in the EM, with changes/adaptation in fisheries’ activities. In the
Mediterranean, new species (with potential positive impacts) may thus render former ecosystems
more vulnerable. Over land, offsetting negative effects from climate change are being
studied/modelled with possible adaptation actions across a range of sectors (DeSurvey, BRANCH?,
MACIS® projects; see for example Harrison et al., 2006). In any case in most projects on impacts
and processes, stakeholders and decision-makers must be involved to participate in the conservation
agenda at all trophic levels.

The Mediterranean basin is considered as one of Earth’s hotspot ecological areas. Legal frameworks
do exist in order to protect biodiversity against some anthropogenic actions. Many Mediterranean
countries have already signed the United Convention on Biological Diversity (CBD, June 1992). The
present rate of species extinction may be four orders-of-magnitude greater than the typical rates seen
in fossil records. Since there is little or no evidence for any increase in the rate of speciation, it can
be deduced that in the years to come the Mediterranean basin (among other regions) will face a
dramatic reduction in the species diversity (Catizzone et al., 1998). It has been shown that the rate of
loss of important habitat/ecozone types is the most important threat to biodiversity 21, including
diversity patterns of European mammals (Levinky et al., 2007). The latter used bioclimatic envelope
models (BEM) to evaluate the potential impacts of climate change on the distributions and species
richness of native terrestrial non-flying European mammals under IPCC scenario. Assuming
unlimited and no migration, respectively, BEM predicts that 1% or 5-9% of European mammals risk
extinction, while 32-46% or 70-78% may be severely threatened (lose > 30% of their current
distribution). Under the no migration assumption endemic species were predicted to be strongly
negatively affected, whilst widely distributed species would be more mildly affected. Finally,
potential mammalian species richness is predicted to become reduced in the Mediterranean basin,
but increase towards the northeast and for higher elevations. It should be noted that BEMs do not
account for factors such as land use, desertification, land degradation, biotic interactions, human
interference, and so forth.

Impacts of climate change on biodiversity are indeed quite complex: they may be direct, indirect,
and include anthropogenic responses and adaptation. Some ecosystems could be reduced in size,
cease to exist, whilst some species may become extinct, thus setting off a chain of extinction.
Sudden and extreme weather events, and/or progressive events like sea level rise affecting coastal
habitats (see also later) might modify marshes, wetlands, while anthropogenic influence like intense
urbanisation on coastal zones (the famous ‘concrete coastline’) are among the major threats to
ecosystems and biodiversity in the Mediterranean.

Y BRANCH (Biodiversity Requires Adaptation in Northwest Europe under a CHanging climate): Provides the guidance and evidence for stakeholders
to take action. Spatial planners must act now to create a landscape and coastline that can withstand the effects of climate change.

20 Minimization of and Adaptation to Climate change Impacts on biodiversity: http://macis-project.net/

2'The four main threats identified in Europe were agriculture, pollution, habitat destruction and sectoral policies.
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3.1. Marine Ecosystems

The influence of water temperature on primary productivity of the Mediterranean phytoplankton is
quite complex. Cold waters are usually more productive since vertical mixing is increased and more
nutrients are present near the surface. This is particularly true in coastal zones when upwelling
dominate. There has been a general increase in the total phytoplankton biomass (1991-1999) at the
DYFAMED?2 site (Marty et al., 2002). This increase could be due to the specific response of small-
sized phytoplankton to the lengthening of the summer stratification period. Also it has been shown
that in the northwest the deep water convection zone has been reduced with a quasi-absence of fall
bloom (Bosc et al., 2004). The above could be associated to environmental changes linked to climate
change in the Mediterranean basin. The latter could also increase the fertilization role of the
atmosphere, through stratification of surface waters.

Tuna school/stocks (and tuna fishing) are expected to be extremely perturbed not only due to
changes in currents like in the Alboran Sea, if quotas were not being discussed. Also, sea bass needs
specific temperature and photoperiodic conditions for laying eggs. Any changes in those conditions
are going to disturb the subtle equilibrium between preys and predators. Already impacts on the
copepod communities in the Gulf of Lyons have been noticed, and attributed to subsurface salinity
increase in wintertime (Kouwenberg et al., 1999). In the EM changes in the deep and intermediate
circulation had consequences on the epipelagic phytoplankton in the Ionian and Adriatic Seas
(MARBENA E-Conference, 2004). Another example of already perturbed ecosystems is the
invasion of the Genoa Gulf by Canulerpa taxifolia, "the killer algac" (Meinesz, 1999). Anthropogenic
actions (different than climate change) have induced migration of planktonic fauna from the Red
Sea (following the Aswan High Dam construction for example). The latter could also be intensified
by recent observed rise of temperature and salinity there (Lakkis and Zeidane, 2004). Anthropogenic
changes in nutrients such as increase in nitrates and phosphates while silica concentration remains
constant might induce a shift in diatoms, from siliceous to gelatinous systems, and lead to eutrophic
conditions and diseases (PSP, DSP). Such shifts are observed in Mediterranean estuaries, and may
have additional impacts on fisheries and tourism. Other changes will occur with benthic species,
where oxygen solubility is decreasing associated with an increase in organic matter decomposition.

The basic ingredients and biological machinery of the marine ecosystems are often not sufficiently
resolved. Ecosystems changes associated with an uplift of the nutricline following the Aegean dense
water outflow are suspected, and are perhaps associated with changes in deep zooplankton.
Teleconnections can also occur: i.e. blooms in the Black Sea apparently produced atmospheric non-
sea salt sulphate aerosols of marine biological origin, which were swept southward and detected in
the southern Turkish coast (Ozsoy, 1999).

Heavy threats to some specific species have already been reported, such as massive death of gorgons
(sensitive to sea temperature) starting from the Genoa Gulf (where temperature has increased by
more than 2°C in the last 15 years) and invading several places of western and eastern Mediterranean
(MedOndes, 2000). Natural and anthropogenic factors may also endanger some species such as
marine turtles very sensitive to increase of CO, concentration in water, and above all anthropogenic
pressure over nidifications’ areas 23.

The impacts of climate change on fisheries are not to be the same all over the basin. The
Mediterranean Sea is almost a closed sea, but connected with the Atlantic by the Strait of Gibraltar.
Mediterranean waters are generally warm and oligotrophic (i.e. have relatively low concentrations of

22 DYnamique des Flux Atmosphérique en MEDiterranée. http://www.cnrm.meteo.fr/expert/contributions/resumeslongs/marty.pdf

 The national marine protected area of Zakynthos, Greece, has been officially set up in January 2000 to protect the most important nidification arca
of marine turtles (caretta caretta), within the framework of the European Habitats directive, in spite of a strong local opposition (MedOndes, 2000).
Another important nidification area is Lampedusa island.
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nutrients and low productivity) except in the vicinity of the rivers mouths, where river discharges
bring nutrients to sea, and in areas where wind action and coastal upwelling allows for vertical
transport of nutrients. The most productive areas are in the north-western Mediterranean owing to
important river discharges from the Rhone and Ebro rivers and strong wind mixing. Annual
discharge of these rivers appears to vary inversely with the NAO: discharges tend to be lower during
positive NAO anomalies. It is very likely that the regional effects of climate change (e.g. sea
warming, sea level rise, reduced river runoff...) will cause changes within the fisheries of this region,
where pelagic, demersal and benthic species are heavily targeted by artisanal, semi-industrial and
industrial fleets. In the NW Mediterranean, the most noticeable feature is that air and sea surface
temperatures have shown an upward trend in all levels, stronger than in other part of the sea and
other oceans. Air surface temperatures have increased by 2.1°C in 30 years (0.07°C per year). The sea
surface temperatures have increased by 1.1°C in 27 years (0.04°C per year); at 80 m depth, the
tendency shows an increase of 0.7°C in 27 years (0.025°C per year), and below 400 m depth the
tendency shows an increase of 0.12°C in 30 years (0.004°C per year). Warming has been
accompanied by an increase of 3.3 cm of sea level in 11 years (0.3 cm per year). It also appears that
the NW Mediterranean is getting saltier: the salinity of NW Mediterranean deep water in the Gulf of
Lyons is increasing at a rate of 0.007 psu/decade. All of the above is associated with the loss of fish

habitats due to climate change and other anthropogenic effects (e.g. tourism, trawling, pollution;
Lloret et al., 2004).

3.2. Terrestrial ecosystems

The impacts (positive and negative) of climate change on plant species composition will increase in
the coming decades. Some of the potential effects of climate change are likely to be positive for
agriculture and ecosystems worldwide. For example, warmer temperatures are likely to prolong the
growing season, and the increased levels of CO, are likely to enhance plant growth and water use
efficiency for many crops. This is particularly true for the Mediterranean basin where competitive
crops are mostly warm-season crops. Switching to better suited warmer-season crops by farmers
might seem as a successful response. Nevertheless this would introduce new ‘competitors’ and
adaptability is thus very likely to be critical. Future climate change is also estimated to exacerbate the
loss of species, especially those species with restricted climate and habitat requirements and limited
migration capabilities (IPCC, 2001b). Land ecosystems are nutrient-poor, seasonally-stressed, yet
species-rich. Almost all taxa exhibit high levels of diversity, at both specific and sub-specific levels.
At least 30,000 of the MB plants taxa occur within a 2.3 million km” area. Roughly half of these
species are endemic to the area, whilst 4,800 species are endemic to specific countries. Climate
change is likely to change the phenology of plants. A 3°C increase in air temperature (within the
range projected for 2100 by IPCC), corresponds to a shift in species distribution of 300-400 km to
the north or ~500 m in elevation (Hughes, 2000). Moreover, Thomas et al. (2004) projected that,
under such conditions, 15-37 % of all species globally might become extinct by 2050. In mid- and
northern Europe, extinct plant species may be replaced by thermophilic species. Greatest effects are
projected for Arctic regions, eastern Europe, and the Mediterranean region (Bakkenes et al., 2004).
Current plant species richness in the Mediterranean area might be reduced over the twenty-first
century due to the projected decreases in precipitation, more frequent forest fires, increased soil
erosion and the lack of new species. Endemic species in northern Europe may become extinct and
replaced by more competitive species in the long term (Sykes and Prentice, 1990).

Already more than 300 British plant species have their first flowering dates advanced by 4.5 days
during the past decade (Fitter and Fitter, 2002). These are strong biological signals of climate
change. Annuals are more likely to flower early than congeneric perennials, and insect-pollinated
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species more than wind-pollinated ones. It is thus obvious that anthropogenic pressure should play a
major and similar role on the evolution of the Mediterranean ecosystems and plants.

It is also expected that in southern Mediterranean countries, cultivated areas will increase to the
detriment of forests, while the opposite situation is expected in the northern Mediterranean
countries where natural forest re-growth or reforestation appear on fallow and degraded lands/soils
(like in the Italian Abruzzos). Air temperature is also an important factor, which regulates the
potential evapo-transpiration. A temperature increase, in regions where the water resources are
limited, causes the sclerophyll shrub areas to decrease, both in terms of extent and productivity.
Vegetation also tend to react to atmospheric CO, increase by decreasing their stomatal conductance,
which causes the potential evapo-transpiration to decrease. Such ecosystems also become more
vulnerable to external risks such as patasite attacks and/or forest fires, with a definite increase in
their occurrence (2003-2005-2006 in Portugal, Spain, southern France; 2007 Greece...). Indeed,
summer heatwaves in southern Europe have severe implications on the occurrence of forest fires

(Party, 2000).

As highlighted in the European ACACIA project, exceptionally hot, dry conditions can have a
devastating impact on the natural environment by reducing water availability in the soil for plant life
and in open water bodies for bird and animal lives (with more brackish waters). For example the
Ichkeul-Bizerte lakes, coastal lagoon, would share many of the problems identified in deltaic areas,
and would experience a considerable shift from their present fresh/brackish water to linked
terrestrial flora and fauna. These shifts, combined with the potential reduction in the area of
wetlands, would significantly affect migratory bird routes, which depend mainly upon the availability
of suitable Mediterranean habitats for overwintering and transit areas during their north-south
migrations.

A survey of Global Biodiversity scenarios for year 2100 had been issued 2 (Sala et al, 2000), within
the framework of GCTE Focus 4. Five ‘drivers’ were considered: changes in land use, climate,
nitrogen deposition, CO, atmospheric concentration, and biotic exchanges. When all biomes are
averaged, the two major biodiversity driving factors appear to be land use changes and climate
change. Mediterranean ecosystems appear to be affected significantly by a combination of ‘drivers’,
while land use and biotic exchanges being the major ones. Mediterranean ecosystems include biomes
experiencing the largest biodiversity change, primarily due to the moderate-to-large effect of all
drivers.

Forest management practices are strongly linked with the CO, cycle. Trees have an ‘S-shaped’
growth curve. At first, the growth rate of trees is rather slow, and then it increases rapidly. With
time, the growth rate of trees decreases once again. In order to maximize forest and wood
production, it is better to harvest trees at time when the growth rate (per ha and per year) is starting
to decrease. Elevated concentrations of CO; have impacts on gas exchange (i.e. photosynthesis,
respiration and stomatal conductance), aboveground growth, root and mycorrhizal growth and
function, phenology, soil respiration and nutrient cycling (Karnosky et al., 2001). The use of FACE2
(Free Air Carbon dioxide Exposure) systems for studying the impacts of greenhouse gases on forest
ecosystems is of great value to understand how climate change may affect forests and how forests
may influence in return the composition of the atmosphere. Global forests removed almost 40 % of
the anthropogenic emissions of CO; from the atmosphere during the 1990s. How long forests will
continue to be effective in this way is an important question in a climate change context. The
substitution of old plants with younger plants with higher growth rates will enable to increase the

24These scenarios have been developed by GCTE Focus 4 in collaboration with the Inter-American Institute for global Change research (IAI) and the
national Centre for Ecological Analysis and Synthesis (NCEAS), University of California, Santa Barbara.

% FACE: Free Air CO2 Enrichment. FACE technology is capable of providing means by which the environment around growing plants may be
modified to realistically simulate future concentrations of atmospheric carbon dioxide (COz).
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land carbon sink function, and the biomass production (wood and biofuel), which may compensate
or lower GHGs anthropogenic emissions.

The European ‘Climate Change and Impact Research: the Mediterranean Environment’ (CIRCE)
project is in its implementation phase and will include socioeconomic aspects linked to climate
change (http://www.bo.ingv.it/circeip/).

4. IMPACTS ON AGRICULTURE

Present water consumption for agriculture is about 80% in the southern, eastern and north-eastern
of the basin and of 60% when averaged over the whole basin. Climate change, transformations in
agricultural practices, land use intensification, and deforestation are creating major changes in
surface runoff, erosion and groundwater availability (see section B3, and Megnoufif et al., 2007,
among others). Based upon climate change scenario in the Mediterranean basin, changes in
agricultural crop yields using a well-established numerical model are investigated (Giannakopoulos et
al, 2005). Results show a general reduction in crop yields (e.g. summer crops, legumes, cereals, tuber
crops) basically in the southern Mediterranean rim where a decrease in precipitation and salinity
increase are expected. In Figure 18, relative crop yield (Y) with minima or thresholds, versus salinity
(a function of Electric Conductivity or EC) is given: Y= 100 — b (EC — a), where a and b are
adjustment parameters.

Figure 17 — Crop relative-yield (in %, ordinates) versus salinity computed from conductivity (EC) in saturated soil (in

dS/m, abscissa).
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Between the two thresholds and between 4 to 10 dS/m, the relative yield follows the linear equation:
Y =100-b (EC-a)
Source: Weber, Israel Project, 2005

From combined effects of climate change and ‘anthropogenic pressure’, hydrologic fluxes and
physical processes may evolve towards desertification, at least in the western Mediterranean regions
(Puigdefabregas and Mendizabal, 1998), with major impacts on agriculture there. At some locations
in the northern Mediterranean, the effects of climate change may have little or small positive impacts
on yields, provided that adequate and additional water demands can be met. In the EM, sustainable
agriculture will have to deal with a decrease in fresh water availability, and the extension of brackish
water (Figure 19 where the decrease of fresh water input and increase of brackish water in the EM
are displayed; dark blue for fresh water, red for recycled effluent, green for brackish water; adapted
from Baruch Weber, Ministry of Environment, Israel, 2000).
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Figure 18 — Dectease of fresh water (blue) input and increase of brackish water (green) (in million m?/yeat, ordinates) in
the EM during the last 15 years, with expected values in 2010
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Soutce: Baruch Weber, Ministry of Environment, Israel, 2006

The adoption of specific crop management options (e.g. changes in sowing dates or cultivars) may
help in reducing the negative responses of agricultural crops to climate change. However, such
options could require up to 40% more water for irrigation, which may not be available in the future
(see above). Thus, overall results are partly in the hands of water management decision-makers.

High resolution downscaled climate models are more adequate to address impacts on agricultures
for regions containing complex topography and coastlines. For example, the Italian landmass can be
well represented using models with 50x50 km resolution such as the RegCM32¢ model (Giorgi et al.,
1997). Still, particular aspects of uncertainty due to spatial scale in these impacts’ assessment, such as
crop yields have been highlighted (Giorgi and Mearns, 1999). The main features of the climate
change simulated by the RegCM3 is an average temperature increase of ~5°C and a precipitation
increase during winter, and decrease during April. The resulting moisture stress, occurring in April,
an important month for wheat growth cycle explains the large decreases in yields generally observed
when using the Crop Environment Resource Synthesis (CERES)-Wheat 2.0 model?”. The model can
aid in pre-season and within-season for management decisions and for cultural practices i.e., use of
fertilizer and irrigation applications and pest and disease management. When making these
management decisions, maximizing yield and net return as a function of inputs and production costs
is one of the fundamental goals (Bannayan et al., 2003). Wheat yield and climate change showed
much greater spatial homogeneity than for other crops due to the longer growing season for wheat,
which may smooth spatio-temporal anomalies associated with climate vatiability/change.

2 RegCM3 is a 3-dimensional, sigma-coordinate, primitive equation regional climate model. It is freely available at
http://www.ictp.trieste.it/ ~pubregcm/RegCM3/

27 Effects of climate change on plant growth can be estimated and evaluated using the crop growth simulation models or CERES (Crop Environment
Resource Synthesis)-Wheat 2.0 model. Model sensitivity can be determined based upon climate-induced changes in several meteorological factors such
as air temperatute, precipitation, solar radiation and carbon dioxide (CO2) concentration.
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5. IMPACTS ON COASTAL AREAS, LOW-LYING AREAS, RELATED
INFRASTRUCTURES, TRANSPORT

Scientists are very conservative in setting up qualitative evaluation of the mean sea level rise on a
long-term basis under global change scenarii. This is the so-called ‘scientific reticence” highlighted by
Hansen (2007). This is due to the huge gap between what is understood on anthropogenic global
warming and what is known from the public, decision- and policy-makers. It can be also argued that
there is a political preference for immediate rewards.

5.1. Coastal areas and low-lying areas

The global results on sea level rise cannot be so easily applied to the Mediterranean. A perfectly
closed sea would have a water-level variability of its own, mainly due to thermal dilatation,
watershed runoff, and evaporation. The Mediterranean Sea with its 14km umbilical cord coupling it
to the Atlantic Ocean would tend to follow the general regime, plus its regional/local variations
described above. Moreover, since there evaporation is greater than precipitation, regional differences
in altimetry and salinity tend to increase, rendering water exchanges through the Gibraltar Strait
more complex. It should also be noted that Mediterranean basin is linked to the Black Sea where
phenomena are also quite different (temperature, watershed runoffs, evaporation...), and bring
cooler water in the EM, during springtime.

A large part of the population in the Mediterranean basin lives on the coastline, sometimes referred
to as the ‘concrete coast’ or former ‘Cote d’Azur’. There is a continuous increase in this
phenomenon amplified by seasonal tourism. The socioeconomic impacts from sea level rise can thus
be easily understood. It should be recalled that southern Europe is slowly sinking (a foreseen 5 cm
sink by the 2080's) due to tectonic adjustment following the last ice age (Parry, 2000). This means
that many coastal areas are also subsiding. An overall effect can be the famous "cultural" and
spectacular example of the city of Venice water-submersion, leading to huge and expensive
engineering actions (Consorzio Venezia Nuova, 1997). Rising sea level during the 21™ century can
have setious impacts in Egypt where 1/3 of fish catches ate from lagoons. Sea level rise would thus
change the water quality and affect most fresh water fish. Valuable agricultural land would be
flooded as well, threatening Alexandria and Port Said. Recreational tourism beach facilities are to be
endangered with salinization of groundwaters and increasing wave actions.

Less spectacular but as expensive impacts could occur from "extreme weather events” linked to
thunderstorms and possible hydrodynamic resonance effects, in the context of an increased sea level
(Figure 20, where a drastic result from an extreme storm event with sea surge on the Mediterranean
littoral, is shown). Sand dune erosion, from storm and sea surge actions, using ‘S-beach model’ of
the ‘Liteau Program’ from MEEDDAT (former MEDAD) are displayed in Figure 21. In Figure 22,
the shoreline erosion at a north-western Mediterranean site and as a function of time is shown
(IMPLIT?2 Project).

28 Impact of extreme events (storms and sea surges) linked to climatic change on the French coastal Mediterranean hydro-systems (IMPLIT project of
program GICC 2).
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Figure 19 — Impacts on coastal roads and buildings from extreme weather events (i.e., storm, sea-surge) on the
Mediterranean Littoral

Source: IMPLIT project

Figure 20 — Sand dune erosion, from storm and sea surge actions, from the “S-beach model” of the “Liteau Program”
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Elevation in meters (ordinates) and depth versus distance from the coastline, both in meters (ordinates and abscissa).
The model’s results (white dots) match the observed November 2000 profile quite well
Source: MEDAD

Figure 21 - One hundred fifty years of observations on shoreline erosion in the north-western Mediterranean.
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Isochrones (with different colors from 1995 to 2002) show the evolution of coastline, (top, left and right). The decrease
of the cross-shore distance (in meters) is also given (bottom), with a sharp increase in the last fifteen years
Soutce: the ‘Spit of Beauduc’ site, from the IMPLIT project
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Some other consequences could be:

1)  Submersion of exposed river deltas (Rhone, Nile) associated with additional subsidence of
these regions from extreme sediment loading, no longer balanced by alluvial deposits, blocked
by dams and artificial embankments. Offshore bars could thus be broken off, causing invasion
of salted water in these regions, bringing additional stress to natural ecosystems. Some of these
areas have a major environmental or economic interest and should be protected (such as the
Parc du Valat).

2) Erosion of fragile coastline, should augment from swell action. Numerous limestone cliffs
could then collapse under such mechanical erosion and cause huge economic losses.

3) The interface between underground water tables and salted water should shift toward land and
increase the piezometric level. Fresh rainwater infiltration will be less efficient at feeding coastal
water tables and aquifers. Coastal aquifers will therefore become more fragmented. The latter
associated with ground salinity increase, will have negative feedback on agriculture.

5.2. Infrastructures

Among the most likely consequences of sea level rise will be: increased direct wave impact on
exposed infrastructures on coastlines (e.g. the coastal barrier of Venice lagoon, beach resorts of the
Rhone delta) and on harbour installations (e.g. Alexandria, Port Said, La Golette-Tunis); worsening
of existing shore erosion problems (e.g., the deltas of the Nile and Rhone). By the middle of the
next century, the impact on coastal settlements and construction (e.g. harbours, coastal roads) might
be considerable in places where they are only slightly above the present mean sea level (e.g., Venice).
Historic settlements and sites may require special attention and expensive protective measures, while
solutions for other structures should be addressed through their gradual transformation or
translocation. Many unprotected shorelines and low-lying regions of the Mediterranean already
suffer from erosion and experience periodic inundation during high sea level conditions from
cyclonic activity.

5.3. Energy transportation

Based upon the population increase, the total primary energy demand has been increasing
continuously and is expected to increase by ~60% on the southern rim and by ~150% in the EM
during the first quarter of the 21st century. Climate change and extreme weather events could have
thus non-negligible impacts on the ways and means the energy is first being produced and second
being transported and distributed to the rural areas levels. The primary energy demand: trends and
forecasts in Mtoe= Million Tons of Oil Equivalent for the NMC= Northern Mediterranean
Countries, and the SEMC= South-Eastern Mediterranean Countries, are given in Figure 23.
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Figure 22 — Primary energy demand: trends and forecasts in Mtoe (or Million Tons of Oil Equivalent) for the NMC
(Northern Mediterranean Countries, in blue) and SEMC (South-Eastern Mediterranean Countries, in green) since the
early 70s
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Consequences of such energy demand are far for being compatible with objectives of sustainable development.
Source: Thibault, Plan Bleu, European Investment Bank, or EIB forum, 2007

6. IMPACTS ON PUBLIC HEALTH

Climate change perturbs important physical and biological systems to which human populations are
biologically and culturally adjusted. The various environmental changes linked to climate, loss of
biodiversity and land use changes (see above), will all have their own impacts on human health,
patticulatly in the Mediterranean basin. Paradoxically enough, they may be beneficial/harmful,
direct/indirect. Beneficial impacts such as decreases in cold-related deaths and reduced viability of
mosquitoes in hot tropical regions are, however, anticipated to be outweighed by adverse impacts.

Direct influence of demographic factors is conspicuous for infectious diseases transmitted from
person-to-person. The socioeconomic impacts from climate and environment changes on infectious
diseases and public health require more attention. Most emerging (or re-emerging) infectious
diseases are due partly to changes in “microbial traffics”, that is the introduction of new pathogenic
agents from wildlife into population at risk. Moreover mechanisms for the dissemination of diseases
by vectors and their reservoirs into new habitats and linkages with the changing environment must
be investigated. The latter processes may depend upon ecological and/or environmental factors (i.e.,
forcing, interactions, variability, changes...) even if the spreading of diseases is greatly facilitated by
population movements, crowding effects (mainly demographics), sanitation level, and/or
breakdowns in public health with important socioeconomic losses. Today, the apparent increase in
occurrence of many infectious diseases reflects the ‘compounded effects’ from demographic and
population increase, economical, environmental, social and technological changes.

The challenge for assessing socioeconomic impacts from infectious diseases (i.e., near 75% of actual
infectious diseases in humans are zoonoses) cannot be addressed without considering the
environmental factors - both abiotic and biotic - that affect the maintenance and transmission of the
diseases. The last quarter century has witnessed an explosion of environmentally-related illnesses, i.e.
diseases and disorders, due to strong environmental forcing and adaptation or lack thereof. For
infectious diseases, this includes increases in the prevalence, incidence and geographical distribution
across wide taxonomic ranges, related to practical changes in land use and climate/environment
variability and changes. The large scale of these changes represents an important step in the
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understanding of disease from the individual-centered traditional view of microbiology and medical
epidemiology.

Direct health effects of climate change include: changes in mortality and morbidity from heatwaves
and thermal stress (such as in 2003 over southwest Europe; and to a lesser degree in 2007 over Italy
and Greece); respiratory ailments associated with modified concentrations of aeroallergens (spores,
moulds,...) and/or air pollutants; health consequences of extreme weather events, including storms,
floods, windstorms, ...

Indirect health effects, are to result from perturbation of complex ecological systems, and include:
alterations in the ecology, range, activity of vector-borne infectious diseases (i.e., Malaria, West Nile
Virus, Rift Valley Fever, Avian Flu, Chickungunya, Dengue Fever, among others) (Takken, 20006);
alterations in the environment of water-borne diseases and pathogens (i.e., gastro-intestinal
infections, Vibrio diseases including Cholera, diseases from polluted waters...); alterations in the
atmospheric boundary layer, and transmission of air-borne diseases (meningitis, respiratory ailments,
among others); alterations and regional changes in agricultural practices and food security
(malnutrition, lack of fresh water,...). As already mentioned public health is also to be affected by
massive population movements on narrow coastal regions, and by regional conflicts over declining
agricultural and water resources. Leishmaniasis is already endemic in the rural Mediterranean basin
south of Europe, the Maghreb, and in the EM. Outbreaks of West Nile Fever have already occurred
during the 2001-2005 period (Paz and Albersheim, 2008). Climate change may extend the habitat of
the sand fly and phlebotomes vectors northwards; the life stages of tick species responsible for
transmission of the Lyme disease are directly influenced by temperature;

We have seen that climate change affects crop yields, particularly those of cereals. There would be
regional socioeconomic cost/loss, reflecting the loss of local balance from temperature and soil
moisture changes, use of fertilizers, and pest and pathogen activity. Whatever decision-making
models are used they must include:

1) Identification of “normal” impacts of disease (in lives and Euros).

2) Definition of the “climate event” linked to the “health event” (epidemics,
endemics...).

3) Definition of increased impacts on lives and in Euros (losses).

4) Identification of methods of mitigating the losses.

5) Definition of the costs (Euros) of implementation of the above methods.

6) Identification of the mitigated losses (in lives and Euros) if the “health event” do occur?
7)  Quantification of the savings (in lives and Euros) if the “health event” does not occur?

Regional modelling studies consistently indicate that tropical and sub-tropical countries would be
most affected. Poor and economically disconnected populations in the Mediterranean basin will not
be able to offset reduced yields via trade. Tensions over water shortages in the Mediterranean
southern rim and EM, where adjoining countries share river basins, would be exacerbated.

Forecasting climate change impacts on human health requires the development of scenario-based
risk assessments which must include generalized assessment of the consequences of complex
demographic, social and economic disruptions. Integrated mathematical modelling must be used if
one wants to estimate the future impacts of climate change on health (Martens, 1998a). Such
modelling requires that each component of the chain of causation: climate, environmental and social
changes are represented mathematically.

As with all future research, assessing the complex socioeconomic impacts of climate change in the
Mediterranean basin entails uncertainties. The uncertainties are due to the future industrial-
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economic activities, interactions between and within natural systems, and differences in sensitivity of
disease systems and vulnerability of populations. Moreover, while the above interactions are non-
linear, uncertainties also arise from the stochastic nature of the biophysical systems being modelled.
Local anthropogenic deforestation may directly alter the distribution of vector-borne diseases while
also causing a local increase in temperature. Differences in population vulnerability will also occur
due to the heterogeneity of human culture, social relations and behavior.

Human health indicators and disease surveillance activities could and should be integrated with in-
situ observing systems such as Global Climate Observing System (GCOS), Global Ocean Observing
System (GOOS), and Global Terrestrial Observing System (GTOS) which includes remote-sensing
and the Earth Observation Systems. Today, the use of satellites allows us to monitor changes in
environmental and climatic parameters with excellent resolution. This provides a continuum of
observation scales in space and time of both oceanic and terrestrial environmental structures. This is
particularly true over the Mediterranean basin, where ocean data from space is coupled with
ecological-epidemiological data. The new joint datasets should allow to test in terms of
socioeconomic values, for the significance of environmental factors (such as Chlorophyll A, see
Figure 24) in the emergence of Vibrio population blooms (including cholera. See also Paz et al.,
2007). In Figure 24 a real-time distribution of Chlorophyll A (favorable ecotones for Vibrios and
phages) in the Mediterranean basin (Vibrio Sea 2 Project) is displayed, using the satellite and sensor
MODIS AQUA, and NASA OC3 algorithm.

Figure 23 — Snapshot Chlorophyll-a (in mg/m3) disttibution in the Mediterranean basin on Octobet, 10, 2006, from
MODIS-AQUA and using the NASA OC3 algorithm
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Highest values were found between the Baleares Sea and the Maghreb, the Gulf of Gabes, the extreme north of the
Adpriatic Sea, the Bay of Port Said. White zones are either cloud covered, or did not pass the error-check levels
Source: from CLS, VIBRIO sea project, 2006

2 Vibrio Sea Project is a satellite application for monitoring environmental factors influencing Vibrio concentration in sea waters. The overall objective
of the Vibrio Sea project is to study the emergence and spread of waterborne diseases in a changing climate scenario.
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7. IMPACTS, POLICY AND ADAPTATION

In order to propetly carry out risk analyses and adaptation measures, the concept of adverse impact
must be propetly evaluated. Direct impacts from climate change upon welfare and human life values
have to be distinguished. Direct impacts on welfare, such as the need for investing into adaptation
types of infrastructure, might be the easiest to evaluate. Equity and ethical considerations must be
parameterized. Changes due to climate change should not lead to impacts affecting only the poorest
(Portney and Weyant, 1999). All of the above is based upon different spatio-temporal scales. In the
Mediterranean basin we should first tackle what could happen over the next ten years (droughts,
floods, wind storms...), and what could happen in the next decades until the middle of the 21st
century (including demography, technology, soil exhaustion, water scarcity...). The insurance
industry has developed a set of tools to assess local costs of the so-called natural disasters
(Hallegatte et al., 2007). But the development of regional socioeconomic models will be useful for
evaluating consequences from specific events in the Mediterranean basin and comparing the output
with specific surveys (Rose and Liao, 2005). The above analyses and results are essential to prepare
and manage recovery and minimize and adapt to future vulnerability. Other studies should assess the
cost-loss ratio between investing heavily in water distribution and managing and reducing leakages
and consumption habits, in order to reduce investment in new reservoirs.

In terms of energy distribution over western Europe and the Mediterranean southern rim, the main
exporting countries are: France, Algeria, Libya, Egypt and Syria, whilst the main importing countries
are: Spain and Italy from France; Tunisia from Libya and Algeria; Jordan from Egypt; Turkey from
Syria. Integrated energy management is foreseen as a prerequisite in a climate change context in
order to minimize socioeconomic chaos, local and regional vulnerability in terms of prices and
supply. For example, socioeconomic benefits might be gained if derived from electrical
interconnection of the so-called ‘Mediterranean blocks’ (see MedRing Feasibility Study, 2001-2003,
by Bruno Cova).

Water input from dams is very important for hydro-electricity, primary production of energy,
renewable energy, as well of cooling of nuclear plants. Dams of various sizes can help to cope with
interannual variability modulated by climate change. Dams may also cause changes in downstream
hydrology and geomorphology leading to reduced soil fertility and impacting on agriculture. The
delta of Ebro (Spain), which had first expanded due to deforestation, is now retreating from the
construction of three retaining dams. Three hundreds dams in Mediterranean regions are trapping
huge amounts of sediment loads (Vericat and Batalla, 2006). The presence of dams enhances loss of
flow capacity from downstream rivers, exacerbating flooding from intense extreme weather events,
and thus increasing vulnerability and impacts on population, like in northern Tunisian Wadi Mejerda
basin (Zahar and Albergel, 2006). The same is happening in Greece, where scheduled artificial
floodings are proposed to mitigation impacts (NTUA, 2007). Smoothing effects from dams reduce
aquifer recharge processes through Mediterranean ephemeral wadi (see Leduc et al., 2007). As a
result, pumping subterranean water and aquifers must thus be planned accurately for irrigating
projects, or for transferring water from regions with exceeding volumes. In the climate change
context, new treatment plans are also to be foreseen for usage of used and/or salted water. Means to
transport water efficiently from one region/country to another must already be planned; grounds
(including deserfication processes) and forests must be managed; while catchment basins will require
specific and integrated maintenance and monitoring (in-situ and remote). Concerning agriculture
implementation and adaptation, switching habits and cultivars must be considered in order to
minimize the desertification processes and land degradation mentioned above.

Along the coastline where infrastructures are primarily exposed, whilst the demographic pressure
must be reduced, tourism must also be developed, which will create serious socioeconomic
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upcoming challenges. Engineers have realized that climate change affects our environments and
challenges their ability to plan, design and construct infrastructures and systems that can protect
people from harm and maintain acceptable standards of economic well-being. Thus infrastructures
must be improved/protected while preserving the environment, which represents a real challenge!
Scientific knowledge and uncertainties on climate change must be the building block for engineering
practices. The additional challenge is also to maintain a suitable environment and ecosystems for
generations to come, by contributing to sustainable development. The elements to consider are:

e Long lifetime of infrastructure investments;
e Robustness of present infrastructures, using latest climate information;

e Existing infrastructures to replace or maintain at sustainable rates, without diminishing
vulnerability;

e Examine in detail the ‘apparent preferences’ for more exposed or dangerous locations;
e Apply changes to the building industry, and building codes and standards;

e Keep in mind that land use and building materials (and designs) are dominated by short-term
commercial interests.

Damage increase percentages can also results from strong winds and be given as a function of wind
gusts (Herbert et al., 2005). In Figure 25, MDR are given in % as a function of standard of
construction and local gust velocities (from SwissRe, www.swissre.com)

Figure 24 — Mean Damage Ratio (MDR, ordinates in %) as a function of standards of construction and local peak gust
velocities (abscissa, in m/s)
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In the meantime and keeping in sight the elements presented above, two issues are of the foremost
importance: () materials to use in the construction (or replacement) of new (older) infrastructures;
and (i) identify at least at the regional, national levels, the areas under risks from sea level changes.
Concerning the second issue involved with coastal zones at risks, several task teams commissioned
by UNEP and IOC/UNESCO have issued statements for different regions of the world including
the Mediterranean. It has been reported early by the Mediterranean Action Plan (MEDU) that if
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general effects might be similar throughout the basin, considerable differences in the impacts could
be expected at different sites, with different responses required. Therefore site-specific case studies
had been prepared, including deltas of the rivers Ebro, Rhone, Po and Nile; Thermaikos Gulf and
Ichkeul/Bizerte lakes. Since then climate change studies are included when relevant in the
framework of Coastal Areas Management Programmes (CAMP) such as determining areas, systems,
structures and activities that appeared to be most vulnerable to climate change, such as the northern
rim where rapid transitions are expected. Indeed rapid sea level changes may lead to: increased
intensity (possibly frequency) of coastal and increased inland extent of flooding which will require in
the near future a rearrangement of coastal unconsolidated sediments and soils; increased soil salinity
in areas previously unaffected. The overall objectives from results are to formulate in particular
recommendations for planning and management of coastal areas, as well as for the planning and
design of major infrastructures (see Table 7 which lists the major potential impacts on identified
infrastructures in the Mediterranean basin; from CAMPS and after Georgas, 2000).

Table 7 - Major impacts on hydrological cycles, in some Mediterranean deltas, gulfs, countries, wetlands, coastlines

Zones considered Major impacts
Delta of Ebro Increased coastal erosion; reshaping of coastline; loss and flooding.
Delta of Rhone Erosion of unstable or threatened parts of coastline.
France wetlands Increased impact of waves
Delta of Po Damage to coastal infrastructures
Delta of Nile and Egypt Coastal erosion; overtopping of coastal barriers, Egypt increased flooding; damage to port and city infrastructures.
Thermaikos Gulf Inundation of coastal lowlands.
Creece Damages to coastal protective structures with extension of tourist season.
Island Increased coastal erosion.
of Rhodes Damages to infrastructures; Accelerated deterioration of historical buildings.
Kastela Bay, Croatia Erosion of beaches with damages to coastal structures and ongoing human settlements due to exceptional storm
surges.

Source : Georgas, CAMPS project, 2000

Any increase in the mean sea level, or in the intensity (possibly frequency) of episodic but extreme
events also affecting that level, would worsen the present situation. However, the dynamic character
of costal processes and the long-term non-climatic coastline changes are not legislatively recognized
as yet. Usually backshore space is lacking to accommodate the retreating coastline. Only the
application of highly site-specific combinations of adaptive and protective measures can mitigate or
avoid the problems caused by erosion and inundation. Response options can be either preventive or
reactive. For example, in some instances entire economically important coasts and lagoon margins
can be walled in to protect irreplaceable coastal uses and values (e.g., harbours, towns of historical
value). Crops could be gradually replaced with lagoons or ponds destined for aquaculture and
natural reserves and act as buffer zones, since their inner margins can be more easily protected than
the exposed coast. One way to cope with damages associated with extreme weather events is to
develop insurance products for marketing through the private insurance industry, such as weather
derivatives, cat loss bonds, underwriting of national insurance programmes, and to make insurance
available at concessionary rates initially. It is also to Include development of adaptation strategies
and policies as eligibility criteria with deductibles or lower premiums for applying adaptation
measures.

Concerning public health issues, preventive measures based upon eatly warning systems (EWS) must
be implemented by including all organizations involved with the health information services (HIS)
and appropriate research laboratories. Special attention must be given to water quality by monitoring
and possibly eliminating most of the vibrio sources (including cholera) in a foreseen warmer
Mediterranean Sea with blooming phytoplankton-A.
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I1l. CONCLUSION

There is high confidence that neither adaptation nor mitigation alone can avoid all climate change
impacts as presented above. However, the two approaches can complement each other and thus
significantly reduce the risks. Adaptation is necessary in the short- and longer-term to address
impacts resulting from Mediterranean climate change and that would occur even for the lowest
stabilization scenarii assessed and agreed upon. There are socioeconomic barriers, limits and costs,
but these are not fully understood as yet. Unmitigated climate change would, in the long term, be
likely to exceed the capacity of natural, managed and human systems to adapt. The time at which
such limits could be reached will vary between sectors and regions of the Mediterranean basin. Many
impacts can be reduced, delayed or avoided through mitigation. Mitigation efforts and investments
for the next three decades will have a large impact on opportunities to achieve lower stabilization
levels. Delayed emission reductions significantly constrain the opportunities to achieve lower
stabilization levels and increase the risk of more severe impacts. This why all actions taken in the
upcoming years (including Carbon Capture and Sequestration, or CCS, already being implemented in
Iceland at the instigation of its President Olafur Ragnar Grimsson), and particularly after the end of
the Kyoto Protocol in 2012, are becoming crucial. This is well articulated by the combined
action/efforts of/from the United Nations Framework Convention on Climate Change (UNFCCC),
the United Nations Convention to Combat Desertification (UNCCD) and the more recent UN
Biodiversity group. The Bali conference is a first critical step in that direction.
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KEY MESSAGES

Based on the economic analyses available, certain cross-sector and sector-based economic costs for the Southern and
Eastern Mediterranean Countries (SEMCs) were identified.

Although it appears that none of the studies has addressed specifically the potential climate-related economic impacts in
this region, there may be found - in works encompassing all the countries of the world (global studies) or those that
analyze certain sectors (such as agriculture, tourism, etc ...) - a few results relevant to the Middle East North Africa
(MENA) region.

Global studies:

e They share a distant time-frame (2100-2200),

e Their quite disparate results hardly lend themselves to comparison, as they are closely dependent on the assumptions
and methods selected,

e In spite of this, they all concur to the conclusion that: (i) beyond 2°C to 3°C, world economy will suffer considerable
losses, (ii) the costs for the Southern Mediterranean region will be particularly high within the near future, and this,
in view of the structure of their economy and their geographic exposure, and (iii) there will be observed, in the
absence of any relevant measure, a widening of income gaps between the Northern countries, for which a rise in
temperature below 2° creates new opportunities, and the Southern countries, which will bear a heavy toll.

More precise studies:

e The vulnerability of the Southern Mediterranean Countries (SMCs) to climate change varies according to the share of
their economy that is sensitive to climate (agriculture, tourism, infrastructures, energy, and ecosystem). Accordingly,
the costs of non-action are likely to be more significant for agricultural countries (Syria, Egypt, Morocco, and
Tunisia): between 2 and 9% of the countries’ agricultural GDP by 2050.

e Studies focusing on specific regions reveal that, for a 2,5°C increase in temperature, loss will be around 7% of GDP
per capita in average for Africa (North Africa included) and around 4% for East Europe up to 2100 ((Nordhaus et al.,
2000) (the upper cost in the range of estimate for the world). The location of the Mediterranean and those results let
think that the Southern Mediterranean will be among the regions of the world most affected, and most rapidly, by the
adverse impacts of climate variability.

e The main problem factor by which climate change will affecting all sectors of the economy is connected to the
rarefaction of water resources.

e The interactions between the sectors and the chain of effects - which are not taken into consideration in the
economic studies - may further add to the costs of non-action.

The economic analysis of adaptation in Mediterranean countries has been fairly limited to date. The cost of action is
fairly unknown. The few sector elements available (agriculture, in particular) lead one to believe that appropriate
measures investment (in timing and actions) to adapt and reduce vulnerability are likely to have a cost lower than the
benefits (mitigation of damage) that they might yield. .

However, the capacity of adaptation of the Southern and Eastern Mediterranean Countries (SEMCs) is limited.
Accordingly, both a coordination of the private and public sectors and the role of international institutions are dominant
in helping the region adapt to the new climate context. The issue of financing the actions remains a key question
currently under discussion.
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GENERAL INTRODUCTION

Context

According to the IPCC (Inter-governmental Panel on Climate Change), climate change signifies “a
statistically significant change of the average state of the climate or of its variability, over a long
period [...]. Climate change may be due to natural endogenous processes, external constraints, or
persistent anthropogenic changes of the composition of the atmosphere or land allocation”.

Today, one notices that greenhouse gas (GHG) concentration has never been so high. There is now
scientific consensus that this recent and violent phenomenon, which is disrupting the climate, is
directly connected with human activities.

In the face of such a situation, most countries of the world have recognised, via the United Nations
Framework Convention on Climate Change (UNFCCC) in 1994, the need to act as promptly as
possible to reduce their emissions.

Why and how do economists address the issue of climate change?

Mitigating the impacts of climate change has become one of the world’s most significant
environmental challenges. Far-reaching changes need to be envisaged in order to reduce GHG
emissions, particularly in the fields of energy production and consumption. In addition, several
adaptation measures are necessary to address the impacts of climate change. In view of the costs
related to the adoption of alternative, less carbon-intensive production and consumption methods,
and so as to justify this action, an economic evaluation of the impacts due to climate variability has
become a priority (Hallegatte, 2005).

The economic analysis of climate change invokes the concept of sustainable development founded
on the sound sustainability notion, since it requires a parallel consideration of the economic, social
and environmental aspects. Besides, it argues for the principle of prevention according to which the
only monetary compensation is insufficient to mitigate the impacts of climate variability by the
integration of externalities; indeed, there must be implemented a set of measures, upstream, in order
to reduce emissions and, by doing, be aware of the cost of non-action (Harribey, 2002).

As a matter of fact, climate change may be analysed, to a certain extent, as an economic externality,
because it is at once the individual, corporate, and country actions that incur future costs to other
parties than those at the origin of the action via GHG emissions (Llewellyn, 2007). This
phenomenon may not only have impacts on people’s consumption and health, and on productivity
and capital, but also may have irreversible impacts on the ecosystem (Stern, 2006; UNEP, 2007a).
The pricing system must, therefore, take into consideration this factor with a view of enlisting the
financial participation of those responsible for such emissions and of covering the costs that they
generate.

The “cost-benefit” approach is widely used in the analysis of climate change, though it is not free
from certain limitations. The empirical literature uses the notion of “cost of non-action” (Cline,
2005; Kuik et al., 2000). It assumes that, in order to underscore the need to act, it is important to
have a vision of what the world would look like if nothing were to be done. This involves, in
general, estimating the net costs of the impacts due to climate change, that is, in the case where there
is no other measure to reduce emissions. The costs of action and of non-action would then be
compared to define the most cost-effective preventive policy, that which helps mitigate the adverse
impacts by means of an investment that remains lower than the cost of non-action.

Such evaluations are bound to run against many difficulties. Indeed, they are all the more complex
to work out as they require consideration, in the long term, of the intricate interactions between the
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various market and non-market sectors of the economy. A further significant problem stems from
the lack of knowledge and uncertainty about climate dynamics, the reaction of ecosystems and
economic damage. Furthermore, there is some debate concerning what discount rates to apply, as
well as considering interactions between the short term and the long term. For all these reasons, the
results obtained remain fairly imprecise.

Studies on this subject were, at first, applied to developed countries in order to assess the economic
impacts of climate variability and the preventive policies (reduction of emissions) to be
implemented. This was justified by the will of decision-makers to quantify the effects of several
options and to compare them in order to best handle the constraints of GHG emissions reduction
under the Kyoto Protocol.

Focus on developing countries has increased in the past few years, ever since the various climate
scenarios highlighted the fact that these countries are the most geographically and economically
exposed to climate change, and were set to face very rapidly major difficulties, while having limited
means to adapt, and that they have had, as yet, a relatively small responsibility in terms of GHG
emissions. This particularly applies in the case of the Southern Mediterranean Countries (SMCs).

Methodology and content of the study

For purposes of this study, we have undertaken a systematic search of the economic studies
conducted and published in the scientific reviews of international renown. We have also perused a
whole range of documents and reports issued by international institutions, foundations and NGOs,
of which we have selected the works of relevance to the countries of the region under consideration.

After a review of the literature, it appears that no study has addressed specifically the potential
economic impacts of the climate on the Mediterranean region (Southern and Eastern Mediterranean
countries) as a whole. However, there emerge - within the works encompassing all the countries of
the world (global studies), or those that analyse certain sectors (agriculture, tourism, etc...) - a few
results related to the Middle Fast North Africa (MENA) region, which could be harnessed to the
task. They highlight the catastrophic situation in which the countries would end up if no action to
reduce their vulnerability were to be taken as promptly as possible.

The objective of this chapter is, accordingly, to take stock of:

e The global economic costs of climate change and the implications derived from there for the
Southern and Eastern Mediterranean Countries (SEMCs);

e The sectoral economic costs and transmission channels of the adverse impacts of climate change
in Mediterranean countties;

e The importance to be granted to adaptation and the related costs likely to be incurred.

In order to meet this objective, the study has been divided into three sections.

e Section One is dedicated to an overview of the empirical literature related to the issue of the
economic impacts of climate change. It invokes the most comprehensive and most recent global
studies, which it then narrows down to the conclusions pertaining specifically to the Southern
Mediterranean region. Two observations may be derived from this at first sight. On the one hand,
few of the works take into consideration the specific features of the countries of the Middle East
North Africa (MENA) region. On the other hand, there is a significant heterogeneity of the
results, which reveals the influence of the climate scenarios on which the analysis is based, as well
as the parameters chosen and the methodologies selected by the authors.

e Section Two contains an analysis of the impacts on the main market and non-market sectors of
the countries of the zone, which complement and refine this global vision. According to the
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specialization of the production of the countries, the share of their economy that is sensitive to
climate change varies. Consequently, the costs will differ from one country to another. All,
however, will be concerned with a major difficulty related to the rarefaction of water resources,
which will have cross-sector negative impacts. It must be noted, though, that it is the agricultural
countries, which will suffer most from this problem. Coastal cities and infrastructures will be
more vulnerable to sea-level rise and extreme events. Also, the poorest populations will remain
the ones most affected by epidemics and famine. Lastly, in order to assess more precisely the
impacts of climate change, it would be essential to consider, in parallel, economic growth and
future population growth which will induce a significant increase in energy needs.

Section Three allows a consideration of the actions, which may be taken by the countries to
prevent climate change and to mitigate its adverse consequences. In the short term, it is
recommended to adapt measures of the "no regret" type, allowing a reduction of the
vulnerability of the economies to the climate, while benefiting them regardless of the evolution
of future climate. Such measures must belong within a vision of the longer term so as not to
accentuate future climate change due to additional emissions in the atmosphere. The importance
of the costs of action having been proven, the international institutions - in partnership with the
public and private sectors of the countries - will have a key role to play in focusing and financing
these policies.



PART 1 Climate change in the Mediterranean:scientific knowledge, impacts and green house gas emissions
CHAPTER 2 Review of the Economic Literature on Impacts of Climate Change in the Southern Mediterranean
Countries (SMCs)

|. GLOBAL STUDIES

The growing interest granted to the problem of climate change is justified by the catastrophic
consequences that may be entailed by non-action. In order to elicit prompt reaction on the part of
decision makers and so that policies of preventive action are adopted at once - which would be
geared towards reducing GHG emissions - or of adaptation - which would seek to address in the
most appropriate way possible the phenomenon of climate change -, it is necessary to highlight the
relevant future economic costs for the countries. Such is the main objective of the economic studies
conducted in the past few years on this topic. This new approach seeks to integrate - within the
same analysis - physical, climatic and economic considerations. The difficulty related to
encompassing the whole range of these factors, as well as their interactions, within the same study
often gives rise to an under-estimation of the costs of climate change.

However, while the most optimistic anticipations sought to demonstrate that, in the case of a
temperature change less than 2° (Mendelson and al.. 2000, 2006; Tol 2002 b) compared to the pre-
industrial period (years 1960 to 1990), several countries (in particular the Northern countries) can
derive benefits from global warming (energy saving, evolution of crops), once the temperature rise is
above the 2-3° range (Nordhaus and al., 2000, Nordhaus, 2006, Stern, 2000), it is unanimously held
that all the economies of the world will incur an additional cost related to the climate (Smith and al.,
2003).

Given the complexity and the innovative nature of this approach, there is only a limited number of
studies on this subject.

The merit of the analyses conducted over the past ten years, addressing the economic impact of
climate change, lies in the fact that they propose an evaluation of these effects based on a common
unit, the US dollar; with one caveat though: this is not sufficient to allow for an objective
comparison of their results. Being largely dependent on the underlying assumptions, the conclusions
cannot be established without specifying the analysis framework.

Indeed, even if the authors agree on the fact that a global warming will induce, starting from a
certain threshold, significant global losses, there exists a great diversity between the analyses as to
the identification of this threshold and the assessment of the impacts. Besides, if on a regional scale,
there emerges from the disaggregated analyses a particulatly strong exposure of Mediterranean
countries, the latter differs according to the climate scenario selected, the evaluation method
adopted and the analysis scope covered.

This is why we have deemed it essential to emphasize these factors in a first section so as to
subsequently move on to considering the global and regional results of the reference studies on this
topic, in order to develop a clearer vision of the economic impacts of climate change on the
Mediterranean region in the next section.
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1. ANALYTICAL FRAMEWORK AS A FACTOR DETERMINING RESULTS

1.1. Decisive role of uncertainty

The uncertainty inherent in the future socio-economic, climate and environmental evolutions of the
countries mainly accounts, to a large extent, for the variances between the results of recent analyses
aimed at quantifying the future impact of the climate on the economies. It takes various forms and
affects every stage of the analysis, from GHG emissions all the way to the assessment of the impact
of climate change (Stern, 2000).

This uncertainty concerning the future may be evaluated according to the degree of probability of
occurrence of each anticipated climate and economic scenatio.

1.1.1. Uncertainty inherent in the future evolution of the climate

As a first step, the task consists in considering the uncertainty in terms of future evolution of the
climate. Indeed, it is difficult to anticipate the response of the climate to an increase in GHG
concentration in the atmosphere and to define a threshold beyond which climate changes could be
particularly dangerous. Upstream, it is quite as complex to forecast the future level of emission of
the various countries taking into account, on the one hand, the objectives of the Kyoto Protocol for
the countries of Appendix 1 and, on the other hand, the economic development of emerging
countries. Finally, feedbacks of the climate systems, being liable to induce an intensification of
climate change, are hardly foreseeable.

In order to examine the various possible alternatives, the authors do not refer to a single climate
forecast scenario but to several simulations based on different assumptions. In the face of this
difficulty, economists adopted several options. They vary according to the authors, which makes it
difficult to conduct an objective comparison of their results. On the whole, the studies rest on the
assumption of an identical temperature rise for all the countries according to one or several more or
less pessimistic scenarios. One alternative would be to consider an average global temperature
increase based on the change in the climate of each zone. The main baseline scenarios selected are
those proposed by the 3rd IPCC report] (generally A2 and B2) (Mendelson and al.. 2000; Nordhaus,
2006, Stern, 2000).

However, although it is particularly difficult to anticipate the evolution of the climate on a regional
or local level, the most precise studies used climate scenarios that are detailed and issuing from
distinct models. Such is the case of Mendelson (2000), for instance, who bases his study on climate
anticipations worked out according to three different processes: the "Panel Climate Model"
(Washington and al., 2000), the "Center for Climate Research Studies Model" ((Emori and al., 1999)
and the "Canadian General Circulation Model" (Boer and al., 2000). The advantage is to highlight
the regions and even the countries which will be the most subject to climate change and which will,
therefore, incur the most significant costs. It is, however, particularly difficult to anticipate the
frequency at which certain regions will be subject to extreme events. Accordingly, there will always
be a fairly large confidence interval with regard to each of the climate scenarios due to uncertainty.

' As the fourth IPCC report was issued as late as 2007, the economic studies quoted in this section refer only to the previous versions of this
work. Currently, scientists give priority to the use of scenario AIB as a baseline since most meteorologists calibrate their models on the latter
scenario, which is an intermediate one (increase in CO2 concentrations from 380 ppm today to 700 by 2100).
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1.1.2. Socio-economic uncertainties

As a second step, in order to assess the future economic impact of climate change, it would be
necessary to consider the countries’ capacity and adaptation costs. This depends, to a large extent,
on the institutional environment of the economy and its access to technology (Tol, 2005; Stern,
2000). Besides, the impacts vary according to the different population groups, the poorest being
generally the most exposed, as well as according to the characteristics of the economy. Indeed, the
impacts will not be the same in view of the specialisation of the country that determines its exposure
to the climate. This underlines the need to disaggregate the costs as per sector (Mendelson and al.,
2000; Nordhaus and al., 2000; Tol, 2002 b; Tol and al. (2002); Smith and al., 2003). However, the
costs incurred by one sector may have repercussions on the rest of the economy. The impact of
climate change is, therefore, multiplied via the interdependence between the sectors, which should
not be neglected in the estimations (Smith and al., 2003).

Besides, it is important to measure, in each country, the proportion of the firms whose production is
carbon-intensive, and which will, thus, be more exposed to the variation of the prices of fossil
energies and to regulation policies. But the future evolution of the prices of raw materials remains
difficult to predict and requires the authors to consider various scenarios (Edenhofer and al., 20006).
Furthermore, the uncertainty concerning the future policies conducted pursuant to the latest phase
of the Kyoto Protocol precludes an anticipation of the investment decisions of companies and,
hence, the response of the private sector (Stern, 2006; IEA, 2007).

Thus, several scenarios based on materialisation of the priority objectives, to which there are
sometimes appended certain probabilities of achievement, are compared with a "business as usual”
scenario (Stern, 2006). The latter is defined as maintaining the status quo. Such a comparison then
makes it possible to examine the impacts of climate change taking into account the country’s
economic or technological development. The evaluation of the country’s adaptation capacity, thus,
depends on the assumptions selected in terms of future socio-economic development being likely to
considerably influence the results (Mendelson and al., 1999; Tol, 2007). Consequently, the
preferences of the author in terms of the policies to be implemented and anticipation of the future
are reflected in the choice of the baseline model.

Lastly, it is worth emphasizing the fact that there is an uncertainty, concerning the impacts of
climate change on security and international conflicts, which is generally overlooked in the economic
studies or considered under the future migration of populations. Indeed, droughts, access to energy
and land use are some of the difficulties likely to give rise to discord between regions and nations.
This problem may particularly be seen in the Middle East. For instance, the Nile zone is one of the
most sensitive zones, and is exposed to possible conflicts related to access to water (Stern, 2000).

There is thus an uncertainty concerning the future evolution of the climate, an uncertainty regarding
the policies implemented as well as their effectiveness, an uncertainty related to the future
conditions of the market, to the economic, technological and demographic development and growth
of the countries considered, to the promptness and capacity of adaptation of companies, to the
effects on the non-market sector and interactions between the sectors, and to the evolution of the
prices of raw materials. Each uncertainty is coupled with a risk that is difficult to assess (OECD,
2007). This phenomenon highlights not only the significance of the assumptions on which the
model is based but also the extent to which the results are lacking in precision - particularly as
regards the global analyses -, as well as the impossibility of comparing between the various analyses.

These studies constitute, thus, a set of elements tending more to help alert the international
community to the phenomenon of climate change, than to precisely quantify the real economic cost
of the future variation of the climate (Stern, 2006; Tol, 2007).



1.2. Empirical methods used

Environmental modelling may be regarded as a multidisciplinary tool reflecting reality and allowing,
via a set of simulations, an assessment of the impact of certain phenomena or the opportunity of the
adoption of certain measures, according to precise evaluation criteria (environmental, political,
economic...) (Kieken, 2003). The main contribution of such models is, therefore, to provide global
information, by cross-checking various complex phenomena according to several possible scenarios,
thus facilitating decision-making with regard to the future policies that need to be implemented. The
major difficulties are related to the choice of the parameters to be selected - in view of the
impossibility of introducing the whole range of the components of a system -, and to the uncertainty
concerning dynamics that are still to come, as we have just seen. Accordingly, the task would to
define an issue, which allows for setting with precision the grounds of the analysis.

One of the early prospective models, simulating the overall dynamics of the economic social and
environmental interactions, was the subject of the report issued by the Club of Rome under the
supervision of Meadows and al. in 1972. The objective of this analysis was to consider the future
growth of the population and of industrial production and the issuing impacts on the environment
taking into account non-renewable natural resources, the useful farmland area and the capacity of
absorption of pollution by the ecosystem.

For some fifteen years now, the literature has focused on the study of the impacts of climate change
on economies. The early analyses addressing this topic were conducted in the early 1990s. Their
objective was to highlight the main impacts expected from such a phenomenon. More recently, the
purpose was to quantify these impacts (Mendelson, 2007). In the beginning, the scope of analysis
was focused essentially on the case of the United States (Cline, 1991; Rosenthal and al., 1994; Skiff
and al., 1998; Mendelson and al., 1999). Then, the authors became interested in the global impacts of
climate change (Mendelson and al., 2000, Nordhaus and al., 2000; Tol, 2002 B, Mendelson and al.,
2006; Nordhaus, 2006; Stern, 2006; Tol, 2007), sometimes seeking to distinguish the impacts
according to regions (Mendelson, 2000; Tol, 2002 B; Nordhaus and al, 2000) and sectors
(Mendelson and al., 2000; Nordhaus and al., 2000; Tol, 2002 B; Tol and al., 2003); Smith and al.,
2003). Among the main models selected, there may be found either methods of experimental
simulations, or analyses of cross-section data. More precisely, the authors seek either to anticipate
the impact of various climate variabilities on certain sectors, or to opt for direct measurement of the
vulnerability of the countries (Mendelson, 2007). The integrated assessment models, which harness
these two types of models, are particularly efficient (Mendelson and al., 2000; Tol, 2002a.). They
benefit of the advantages of the two methods jointly by bringing into play at once a global approach
and a more detailed vision (by taking into account the adaptation of the systems, but also the
impacts of carbon concentration...). Among these various types of methods, several models are
regularly used:
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Table 1- The various types of models used in the empirical literature on the economic impacts of climate change?2

Models Objective Advantages Limitations Examples
Integrated Set the amount of GHG emissions in Economic policy decision making support Results dependent on the DICE model (and its regional
assessment models order to maximize benefits, and tool assumptions version RICE) Nordhaus

minimize costs

Problem of global nature of climate
models when it comes to regional
studies

(1994) and Nordhaus and al.
(2000)

“Bottom-up” models

Evaluate the cost of climate change
and the options of substitution among
the sectors so as to mitigate the
impacts

May be integrated in the IA model
Analyses focused on one or several sectors

Lack of information with regard to
the more global evolutions of
consumption or of production

“Top-down” models

Evaluate the cost of climate change
and the options of substitution among
the sectors so as to mitigate the
impacts

May be integrated in the IA model

Take into consideration both costs,
production function and consumer
preferences

Computation of global impacts

Include the computable general equilibrium
models

Lack of effectiveness in the case of
targeted studies

Questionable empirical
foundations when they rest on
experts opinion and not on
empirical tests

Mendelson and al. (2000).
Computation of the global
impact of climate variability
following the same logic as
that of the “top-down” models,
while refining their results in
view of the details offered by
the “bottom-up” model

Computable general Quantify the costs and benefits of Easy to handle Are not tools to forecast the future Conrad (2002)
equilibrium models environmental policies Decision making support models level of the variables
gﬁ:’;ﬂ?ﬂ;ﬁﬁgg (gﬁi?qt:;n?:tlopo”cy They rest on the economic literature Dependent on the assumptions
consideration climate constraints They are adaptable enough to address Veolﬁznce between model and real
various environmental issues W
Difficulty to obtain a single stable
and efficient balance
Uncertainty runs counter to the
concept of optimal allocation of
resources by the market
Partial equilibrium Evaluate the cost of the action, while Focused on climate impact on the most Do not take into account the links
models considering the market conditions sensitive sectors of the economy between all the sectors of the

and the processes of substitution of
production and consumption

economy

«Ricardian » models

Measure long term variation of
incomes or of capital cost, according
to climate change and other factors
across various sectors of the
economy (agriculture, in particular)

They rest on the assumption according to
which, for all climate-sensitive sectors, there
is a temperature that maximizes the thriving
of the sector concerned

Possibility to monitor the adaptation
strategies and evaluate the benefits ensuing
thereof

Results very closely dependent on
the period on which the analysis
rests

Mendelson and al. (2000) ;
Kurukulasuriya and al., (2006)

Dynamic models vs.

They consider, on the one hand,

Dynamic models are a closer representation

Integrate a targeted vision

Tol (2002 a, b)

static models climate change and, on the other of the evolution of the real world Take into consideration a large
hand, the country's socio-economic This dynamics allows consideration of the number of additional assumptions
changes countries’ adaptation capacity and relative with respect to the static model
assessment of the adverse impact of The parameters vary according to
climate change the period, the country or the
Such a dynamics may be found in the IA region selected
models
Marginal cost of Allows measurement of the cost of This cost is generally denominated in Highly dependent on the Tol (2005), (2007)
carbon dioxide non-action by calculating the current monetary unit assumptions related to the value of
emissions anticipated lclost of damage caused May be compared with the marginal cost of the discount rate which qepends
by one additional ton of carbon reduction of such emissions in order to on the level of consumption and
dioxide emitted in the atmosphere allow comparison between action cost and thel unit in the future, as well as the
non-action cost weight of the country
Aggregated analyses | Sum of the anticipated impacts of the | Readability of the indicators used Difficulty to monitor simultaneously | Nordhaus and al. (2000)

climate in every country and region of
the world in order to evaluate the
impact of climate change on
international level

Synthesis of a set of complex information in
order to offer a simplified vision of the global
results

the whole range of impacts

Problem of an objective
comparison between the regions
and the sectors, and over time

Tol (2002b)
Stern (2006)

Source. I’auteur

1.2.1. Common features to all methods

To calculate the economic impact of climate change, most of the authors start from a climate model
in which they mainstream an economic vision. For so doing, they resort to the traditional

2 A more precise description of each method is proposed in Appendix .
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econometric tools used in the economic literature.3 However, each of these tools presents
significant limitations, since they are all applied to the issue of future climate variability. This is due
to the difficulty of anticipating the future. There is thus a significant subjectivity attendant upon
choosing the value of the parameters of the models. The approach is, generally, to set assumptions
with regard to the value of time, economic development and growth of the future population, all the
more so as one is reasoning in dynamics. Consequently, the main overall criticism to be levelled at
these studies is that their results are highly dependent on the bases of the model, which vary from
one author to the other.

The majority of these models lend themselves to application within the framework of static or
dynamic analyses. Besides, the results obtained according to various regions of the world are
sometimes aggregated to reflect the total cost of climate change.

While the eatlier studies looked upon things from a static point of view, one notices a greater
preference today for the dynamic models, which have that virtue of being closer to reality. It seems
important to take into consideration the present and future vulnerabilities of a country that vary
according to the regions. Indeed, it seems that emerging countries are particularly sensitive to
climate change. On the whole, the large majority of the economic activity of these countries rests on
agriculture and is concentrated on coastal zones. It is, therefore, largely dependent on weather
conditions (droughts, water level rises, natural disasters). Today, most of the countries of the South
seem to be scarcely prepared to address this type of problem, but significant efforts have recently
been made to anticipate this phenomenon. In the long term, it is necessary to regard this dynamics
as being largely able of influencing the capacity of adaptation of the countries and to confer a
relative dimension on the adverse impacts of climate change. Yet, the effectiveness of the measures
envisioned will not be homogeneous for all countries, nor even within the same country, according
to the exposure to the risk of the various regions, production sectors and population; hence the
importance of mainstreaming in the dynamic analysis a targeted vision of the future impacts of the
climate (Tol, 2002b).

Indeed, although the aggregated models may be quite useful within the framework of global studies,
they are less and less used, because a problem arises when it comes to conducting an objective
comparison between regions and sectors, and over time. This depends on the relative importance
given to the various countries and to certain productions, and on the value allotted to the future (Tol
and al., 2001). To bypass a difficulty, most of the aggregated studies are static analyses. Yet, the
influence of the weighting method selected to assess the global impacts based on the regional
impacts cannot be ignored, and it accounts, to a large extent, for the difference between the results
of the various analyses. The objective is to account for the future costs borne by the developing
countries in the computation of the global impact of climate change, though their economic weight
on the international scene is low. Indeed, if weighting is a function of the Gross Domestic Product
(GDP) of the country relative to the world GDP, the positive impacts of a small climate change on
industrialized countries will be dominant in the global result. However, if one were to consider the
number of affected people, it is the negative impacts that would have greater weight. This is due, on
the one hand, to the fact that a small fraction of the world population contributes to the largest
proportion of the production and, on the other hand, to the significant concentration of people in
the zones most subject to the adverse impacts of climate change (Tol and al., 2001). Moreover, the
value of the production, the environment and health, in monetary terms, differs according to the
country’s development level. For an equal production loss, the costs will be all the higher, in
monetary terms, for the industrialized countries. Besides, the cost of living is higher in the countries

3 We surveyed the most recurrent models of the literature dedicated to the analysis of the economic impacts of climate change. However, it is
possible that some studies may be similar to certain models when they rest on the same assumptions. Such is the case of the analysis of
Nordhaus (2006) that invokes the bases of the “Ricardian” analysis, for instance.
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of the North because of their higher incomes and, hence, of a stronger willing to pay on the part of
individuals (Stern, 2000).

In order to bypass these problems, several studies compare several possibilities. Among the authors
who insist most on this aspect, one may mention Nordhaus (2006). The author uses three distinct
weighting systems: by population, in order to take into account the variation in average incomes; by
production, and by land space, in order to assess the variation in land price according to localization.
He underscores the superior nature of the results, in terms of measure of the real cost of climate
change, based on a weighting according to the population.

Other authors, Nordhaus and al. (2000), Anthoff and al. (2007), argue - on the other hand - for the
advantages related to a “fair” weighting, based on the "equity weighted" principle, to measure, in
particular, the marginal damage induced by carbon dioxide emissions. The approach consists in
considering the impact on persons’ incomes, while taking into account the impacts in terms of well-
being according as to whether the populations are rich or poor. Weighting must, thus, reflect the
income distribution disparities between the countries, generally overlooked in aggregated studies. It
has to be reckoned based on a function of well-being and prospects on the level of social policies in
the country. Their model is divided into several regions, according to their income level, as well as
into several time-periods. Various scenarios based on income evolution assumptions (pace of
income distribution change, disparities, and widening inequalities) are compared, and a parameter of
aversion to inequalities is incorporated in the analysis. The authors emphasise the importance of
mainstreaming the income distribution in a region within the studies of the impacts of climate
change, as well as the sensitivity of the results to the weighting method selected. The studies using
the equity weighted approach, thus, have higher estimates but which are prone to a higher level of
uncertainty.

In fine, there emerges from our comparative table a fairly high number of critiques concerning the
computable general equilibrium models. Indeed, the theoretical bases on which certain empirical
studies rest are so removed from reality that the results do not yield an objective vision of the future
impacts of the climate. This is why they are scarcely selected for addressing this issue.

1.2.2. Specifics of the studies dedicated to an economy or to a sector

The choice of the model is made according to the issue selected. Thus, according as to whether one
envisages the global climate impact on the countries or the vulnerability of a given sector or a given
economy, the method used will not be the same.

That is why the so-called "Ricardian" models are particularly suitable for studies that focus on a
sector in particular, especially in agriculture. The characteristic feature of the standard model is that
it rests on the assumption according to which, for each sector of the economy, there exists an
average optimal temperature. When the countries are below this temperature, they gain several
benefits. On the other hand, beyond this temperature, their benefits decrease gradually and give way
to costs which go on increasing as the temperature rises. Besides, the partial equilibrium, or even the
"bottom-up", models help conduct more detailed studies.

These models can be studied separately (Kurukulasuriya and al., 2006) from, or integrated in, a more
global model (a General Circulation Model (GCM)), for instance (Mendelson and al., 2000, 2000).
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1.2.3. Possible solutions to make up for certain limitations of the models

In order to remedy the shortcomings of certain methods, while benefiting from the various
advantages they offer, it would be possible to combine them. For instance, Mendelson and al. (2000)
integrate to a “top-down’ analysis a “bottom-up” model to further refine these results.

Besides, in order to assess the relevance of a given result, a comparison between the conclusions of
two analyses resting on two distinct methods is recommended. A comparison of the results of a
study based on cross-sector data and of an experimental model, on a smaller scale for instance, to
make up for the limitations of either method by the contribution of the other, attests the soundness
of the results (Mendelson and al., 2000).

1.3. Assumptions of the empirical models

In view of the difficulty of measuring all the repercussions of climate change on the economies in
the short and long term, each study based on each type of model rests on a set of restrictive
assumptions. It is important to define upstream of the study the analytical framework selected and
to objectively justify the choices made in terms of selection of the variables, and this, in order to
anticipate criticisms levelled at the weaknesses of the models.

The assumptions on which the analyses are based constitute essential elements to be envisaged when
comparing the results. Indeed, a comparison of the conclusions of the various studies is possible
only when the latter have the same bases.

Besides, decisions related to investment and to the policies to be implemented must be taken in full
knowledge of the fact, that is, in view of the influence of certain variables. For this reason, most of
the analyses claim to be information tools, rather than decision-aid tools.

1.3.1. Choice of climate scenarios

It is necessary, at the outset, to specify the climate scenario selected for anticipating the future
evolution of temperatures and rainfalls. The results of the analyses are largely dependent on this
choice, insofar as the interpretations may be completely different and, sometimes, even opposed -
according to the period selected and according as to whether the scenario is more or less optimistic.

Various possibilities are offered to the authors. The latter may either evaluate the impacts of an even
increase in the temperatures concerning all countries (Mendelson and al. 2000, 2006; Tol 2002 b), or
refer to the scenarios put forward by 2nd and 3rd IPCC reports by comparing the results based on
various points of view (Mendelson and al., 2000; Nordhaus and al., 2000, Nordhaus, 20006, Stern,
2007), or still resort to other climate models by specifying the future climate change according to the
regions (Mendelson and al., 2006). Moreover, the evolution of the climate remains fairly slow and
gradual; so the costs are thus all the more significant as the analysis period is extended.

1.3.2. Market and/or non-market sectors

A second essential point refers to the sectors taken into account during the evaluation of the impact
of climate change. Economists differentiate the impacts on the market sector from those on the
non-market sector.
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The impacts of climate change on the market sector are calculated according to the variation of the
quantities and prices of goods and services, or with respect to the evolution of the productivity of
the various sectors. Although it is very difficult to examine the whole of the impacts on this sector,
and that the authors concentrate in general their study to a field in particular, these effects are fairly
easy to measure.

The problem arises rather from the estimate of the variations in the non-market sector. This
estimate requires a consideration of the evolutions of the ecosystem and biodiversity, as well as the
impact on health, which one cannot always evaluate in monetary units or according to a
homogeneous reference to all sectors. Moreover, this variation depends on the region studied and its
initial characteristics to anticipate its future evolution. It thus seems more interesting to conduct a
disaggregated analysis. Furthermore, such an analysis has a multi-dimensional aspect, particularly in
relation to the ecosystem; the impacts may be observed according to several scales by considering,
on the one hand, the impact on isolated species and, on the other hand, on the whole species which
form the ecosystem, which generates additional difficulties when selecting the indicators (Fleischer
and al., 2006). Lastly, due to the interactions between the sectors, the impacts of climate change may
reflect one on the other and multiply the costs.

In view of these difficulties, certain authors are exclusively interested in the market impacts, while
knowing that their results will be largely under-evaluated (Mendelson and al. 2000, 2006; Nordhaus,
20006). The most representative analyses are, nevertheless, those which seek to model the non-
market impacts and to integrate them in the total cost (Nordhaus and al., 2000; Tol, 2002 b). Thus,
even though the measurements may be approximate,4 the estimated impacts are more faithful to

reality.

1.3.3. Difficulties and relevance of taking into consideration extreme events

The most precise analyses are not only those which take into account the impacts of climate change
both on the market and non-market sectors, as has already been seen, but also those which integrate,
in addition to this, the occurrence of extreme events, as well as the additional cost - it being non
negligible - that they generate (Stern, 2006). There is no precise definition of these phenomena in the
literature, but they can be perceived as exceptional climate events which cause significant destruction
of assets (of infrastructures, in particular, but also of agricultural production) and have catastrophic
social effects (deaths, injuries, epidemics ...) over a time-period ranging from one day (as in the case
of cyclones, for instance) to a few weeks (as in the case of floods) (Hallegatte and al., 2007). They
take the form of heat waves, floods, storms or droughts. They are characterized according to several
common criteria. In the first place, they reach and exceed a minimum threshold of economic losses,
set in general by insurance companies. Secondly, they follow a probability function established by
taking into account the capacity of adaptation of the countries and the intensity of the event
(Hallegatte and al., 2007). As the costs imply heavy investments for reconstruction of the
infrastructures, which could have been avoided, this underlines the need for a preventive political
intervention.

The most comprehensive studies on this topic are those conducted by large insurance companies
(Munich Re, 2005; Swiss Re, 2005). Indeed, since it is these organizations that cover most of the
additional costs generated by this type of occurrences, they are interested in working out precise
statistics to predict their future expenditure and calculate the contributions of their insurance policy
holders. Certain companies even require a secondary insurance to cover the bigger losses. Among
the major re-insurance companies, one may mention Munich-Re and Swiss-Re.

* For a detailed overview of the indicators used to measure the effects of climate change on the non-market sector, cf. the second section of
this chapter that addresses the impacts as per sector.
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Based on the analyses already conducted by these organizations, there emerges an average of 650
natural disasters in the world per year, over the past ten years. Fifteen per cent (15%) among them
are of a purely geological origin (volcanic eruptions, earthquakes...); the remaining 85% are, for the
major part, related to the climate (storms, cyclones, floods...). They strike, in particular, in America
and Asia. They are responsible of 180 000 human deaths per year, and their cost for 2004 amounted
to 145 billion dollars, of which 100 billion may be attributed to extreme climate changes, that is
about twice the amount compared to the previous year (Munich-Re, 2005).

Scientific analyses lead to the assumption that these phenomena will intensify in the decades to
come, and the occurrence routes will change, which will extend the percentage of areas concerned.
Their frequency grew almost twofold between the 1960s and the 1990s, inducing increasingly heavy
economic costs (Munich-Re, 2005). The latter would increase by 2% per year according to certain
estimates (Hallegatte and al.., 2007). They are likely to reach 1% of the world GDP within the
coming hundred years and are set to keep rising with climate change (Stern, 2006). The countries
that will mostly bear the impact of it will be emerging ones because of their geographic position, but
the most significant aggregate losses will be borne by industrialized countries, due to their massive
investments in capital-intensive infrastructures (Stern, 2000).

The costs will be particularly high in the regions newly concerned with this phenomenon and little
prepared to address them. Moreover, they will experience an exponential increase as from a certain
temperature level causing irreparable damage (Stern, 2006). Furthermore, meteorologists have
highlighted not only a generalised temperature rise but also a significant variation of this temperature
likely to reach extreme levels and generate disastrous consequences (Schir and al., 2004).

It is very difficult to predict the frequency and the strength of these events. That is why most of the
authors do not integrate these phenomena in their analysis, particularly when they set their analysis
within a global framework.

The fact of not including these events may also be justified by the specificities of the models used.
Indeed, within the framework of the analyses based on cross-section data, only the changes
occurring over the analysis period and with regard to the sample of countries considered are taken
into account. Besides, the analyses conducted based on long-term growth models do not consider
short term shocks. Lastly, very few IA models integrate these phenomena.

To address this problem, Hallegatte and al. (2007) proposes an innovative study on this topic. It is
based on a non-equilibrium dynamic model (NEDyM), allowing for the introduction of transitory
disequilibrium, which may be attributed to exogenous shocks coming to disrupt the growth path. To
measure these events via the costs of reconstruction, the authors use an economic amplification
ratio of an extreme event. The latter is calculated by comparing the average production loss to the
direct costs of this event.

There emerges from this analysis the influence of the characteristics of the economy concerned at
the time of establishing the model. Besides, these works highlight the weight of short-term extreme
events in the computation of the long-term total costs induced by climate change. In addition, the
estimated GDP loss related to extreme events depends in a non-linear manner on the occurrence of
the latter and the country’s capacity of reconstruction over the short term; hence the need to
organise the economies in such a way as to envisage such events in order to limit their costs. The
authors thus conclude that this phenomenon can contribute in reducing the economic development
of certain emerging countries by damaging the infrastructures installed and requiring significant
financial means, thus increasing their dependence vis-a-vis the Northern countries.
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1.3.4. Discount rate: discussions and ethical choices

One of the key assumptions, on which economists find it hard to agree, is setting the discount rate.
This may be defined as the "time price", i.e. the relative value that the community assigns to the
future. Consequently, the higher this rate, the more the community’s interest is focused on the
present, as compared to future stakes. It is difficult to set because, within the framework of the issue
of climate change, it should not be forgotten that the costs of adoption of mitigation measures are
immediately borne by society, while the benefits only obtained over the longer term.

The disagreement among the authors is also exacerbated partly by the fact that the time scales over
which the analyses rest are quite long, on the one hand, and differ from one author to the other, on
the other hand.

The discount rate is one of the elements used to calculate the costs and benefits of the
implementation of GHG reduction policies. More particularly, in order to evaluate the social cost of
carbon emissions in the atmosphere, there must be set at the same time the equity-based weighting
method and the time value.

One of the methods selected by the authors to calculate this rate consists in assigning a "fictitious
price" to the capital, while taking into account the collective preference for the present (Cline, 2005).
The latter is evaluated according to the rate of households applied to consuming today rather than in
the future ("pure impatience" or "pure preference"), and to the rate set by houscholds for their
future consumption, insofar as they anticipate that they will be richer in the long term. In the latter
case, if the standard of living of people rises, their marginal utility decreases. For so doing, the task
is, moreover, to anticipate the total growth rate of income per capita and per year.

The main problem for economists is the value of the "pure preference rate". Some set a zero rate,
arguing that a positive rate would be equivalent to accepting a lower income in the long term in
favour of the present, which is difficult to envisage (Cline, 1992). Besides, uncertainty as to the
evolution of the rates in the long term leads certain authors to choose the lowest discount rates.
Indeed, if future growth is uncertain, the discount rate should gradually decrease to reach its lowest
level. This obtains from the observation according to which the net current value of two discount
rates is dominated by the lower rate (Weitman, 1998).

On the other hand, the assumption behind the setting of a "pure preference rate" is its closeness to
the real in view of the fact that people’s behaviours translate into a marked preference for the
present (Nordhaus and al., 2000).

It is also possible to consider this rate according to the market, although the forecasts are well
beyond the period that it covers. In this case, the rates are fairly low.

The setting of these two rates to consider the discount rate is of dominant importance and must be
founded because it largely influences the results. Indeed, for a rate variance of more than 2 points,
the impacts may vary by several million, over the long term; while for high discount rates, the effects
will be minor, which does not justify the implementation of emission reduction policies (Cline,
2005). However, even if a priori these policies are not indispensable, their beneficial effects on the
long term are multiplied in the event that future interest rates vary in a random way, and whatever
the baseline rate (Newell and al. (2000)).

The criticism levelled by Tol and al. (2007) at the works of Stern (2006) stands as a perfect
illustration of this debate. The reproach related to the conclusions developed by the latter author
concern, in particular, the choice of the discount rate. Indeed, the results are very sensitive to the
assumptions of the model, and the estimated costs may vary in the range of -84% to +900%
compared to Stern’s data (2000). The latter uses a fairly low discount rate, with a "pure preference"
rate of 0.1% per year. The value granted to the future is then significant. For Tol and al. (2007), the
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time frame seems too short to warrant such a choice. In addition, this rate does not correspond to
the anticipated low risk aversion rate. He argues, accordingly, for the opposite point of view, holding
that it is necessary to favour high discount rates because they are closer to reality and yield less
uncertain estimates.

2. MAIN RESULTS OF THE LITERATURE

All that has been said above attests the difficulty, risks and controversies likely to arise when one
embarks upon economic estimates of climate damage.

Having demonstrated the influence of the assumptions, as well as the various modelling patterns
used in the empirical literature on the evaluation of the impacts of climate change, it is now possible
to proceed to a review of the results of the main analyses. It is important to specify, for each study,
the bases on which it rests, and which are likely to account, partly, for the more or less optimistic
character of the conclusions. Thus, even if a direct comparison between each one of them is more
than one can do, an overall vision of the future impacts of the climate may be attempted.

The task consists in considering, as a first step, the global results, then in focusing on the analyses
conducted on a regional scale by targeting the particular case of emerging countries, and in particular
those of the Mediterranean region.

2.1. Global studies: A wide range of results

The main divergences between the analyses lie in the estimate of total costs’ of a rise in temperature
less than 3°. According to the weighting method chosen, there obtains either a benefit or a low total
cost. Indeed, industrialized countries (Northern Europe, the United States) will derive, initially,
certain benefits in terms of additional opportunities in the agricultural sector and of energy saving, in
particular due to a decrease in the demand on heating. Thus, even if the adverse impacts of climate
change are immediately felt in the other areas of the world, their GDP being relatively low compared
to the world GDP, when it comes to calculating the global impact, favourable impacts will prevail.
On the other hand, for a rise in temperature above 3°, the studies agree as to the damage undergone
by all the countries of the world, which translates in a total cost that is more or less high according
to the authors.

The results of the global analyses are presented according to an anticipated increasing cost level.
Only the most recent studies and those most regularly quoted as reference in the empirical literature
are considered in detail.

The impacts are generally considered in terms of percentage of global GDP. However, the impacts
may be expressed according to per capita GDP or in terms of well-being, which sometimes yields
quite different results. It all depends on the weighting method selected. In general, the estimated
costs are much higher when considered according to a logic of per capita impact;® hence the need to
emphasize the bases of the analyses before interpreting and comparing the results within the same
study or among the studies.

5 This generally consists in the sum of the damage reported in the market and non-market sectors of the countries considered in the study,
weighted by their relative importance. In some studies, the total costs are measured by taking into consideration the countries’ adaptation
capacity. This is specified in the body of the text.

6 Such as specified section 1.1.2.
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2.1.1. Exclusive consideration of the market sector: Under-estimating the total
cost

The "most reassuring” studies are often those which underestimate the future impacts of the climate
by exclusive consideration of the market sector and non-consideration of the short-term costs
induced by extreme events.

Among the most widely known, one may mention the studies of Mendelson and al. (2000), (2007).
The authors refer to various types of climate models. In 2000, they base their work on the
conclusions of three scenarios of the third IPCC reportt, anticipating a low (+1°), average (+2°) and
high (+3, 5°) temperature rise. In 20006, they enlist various climate studies issuing from three
different research centres, which offer a disaggregated vision, per region, of the evolution of the
climate. In this regard, it is worth noticing a real effort to limit the uncertainty related to future
climate change. In both cases, the time horizon is 2100. The countries’ adaptation capacity is
included in the analysis. The individuals maximize their net benefits (i.e., their gross profit less the
adaptation cost). This amounts to the assumption that the countries will specialize in the production
of goods and most productive services taking into account the evolution of the climate. The most
vulnerable sectors will thus have a low weight in the economy relative to the others, which will help
minimize the total negative impact.

The results of the analyses converge in the sense that the authors observe an increase in the total
benefits of a temperature rise of 1 to 2° according to the models, followed by a decrease afterwards.
These increase remains however low, with 2 maximum level of 0.16% of total GDP. In the article
published in 20006, these results are qualified, since according to two of the three climate scenarios
advanced, the countries will experience, on the whole, losses ranging, in 2100, between -0.01% and -
0.1% of total GDP, which means a per capita cost in the range of -2 to -28,7 US dollar per year. In
any case, the benefits and the costs are largely more significant according to the empirical method as
compared with the cross-section data based analysis. However, the benefits are higher within the
framework of the “Ricardian” analysis with respect to the reduced-form model of the version 2000.

While Nordhaus and al. (2000) conducted a quite informative study in view of the scope of the
phenomena included in their model, Nordhaus (2005) contents himself with a fairly basic analysis
which, after the manner of Mendelson and al. (2000), (2006), measures exclusively the impacts of
climate change on the market sector. This is partly explained by the fact that the major contribution
of the model lies in the introduction of a new geographical vision to analyse the impacts of climate
change. Indeed, the results are proposed at once according to GDP and population, as well as
according to surface area in order to measure the impact according to geographical location.
Although the two scenarios selected are derived from the third IPCC report, they are more
catastrophic than those described above as they assume a homogeneous temperature rise of 3° with
respect to the pre-industrial level, with, in the latter case a reduction in rainfall of 15% in the zones
of mean latitude (between latitudes 20 and 50 north and south) located within less than 500 km of
the coast and an increase of 7% elsewhere.

The results of the cross-section data based analysis yield an appreciable total cost for the time frame
2100, according to the various scenarios and the weighting methods considered. In the former case,
these costs vary from -0.93% of GDP, for a production-based weighting, to -1.73% for a
population-based weighting. According to the latter climate scenario, these losses amount to -1.05%
and -2.95%, respectively. This study thus emphasises the urgency of implementing regulation and
adaptation policies, for while a part only of the economy is considered, the anticipated costs already
reach hardly manageable/sustainable levels for the majority of the countries of the world.
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2.1.2. Introduction of the non-market sector: More precise results and higher
costs

Within the framework of an intermediate, more precise study, Tol (2002b.) extends his analysis to
the non-market sector by taking into consideration the impacts of climate change on the ecosystem,
as well as the cardiovascular and respiratory diseases and problems. The climate scenario is derived
from a general circulation model, and the analysis period extends until 2200. The capacity of
adaptation of the countries to climate change is included in the analysis.

From this dynamic study, there emerge more or less alarming results, according as to whether one
reasons according to GDP or in terms of equity. For an initial temperature rise by 0.5°, the total
benefit will be of 2.5% or 0.5%, respectively. Should this rise be higher than 2°-2.5°, in the former
case the countries would undergo a notable reduction in this benefit. This decrease would obtain as
from an additional 1° in the later case. Beyond this rate, the total costs are likely to reach - 2% of
GDP.

2.1.3. The more comprehensive studies: Taking into consideration extreme
events

The more comprehensive studies are those of Nordhaus and al. (2000) who are among the first
economists to include the influence of extreme events in addition to taking into consideration the
market and non-market sectors in their analysis, then to Stern (2006). Logically, the estimated costs
are more significant than in the framework of the previous studies.

a. Nordhaus and al. (2000)

Nordhaus and al. (2000) base their anticipations on two climate scenarios. The first assumes an
increase in temperature of 2.5° by 2100; the second applies in the case of extreme events, the
temperatures being likely to rise by 6° compared with the pre-industrial period.

The results of the DICE model reveal that, even without the incidence of extreme events, the
countries will experience a significant total loss due to temperature rise. As in the other analyses, the
latter are higher, when weighting is considered according to the population, than according to
production. The anticipated costs are -1.88% of GDP and -1.50%, respectively. When extreme
events are introduced, they reach catastrophic levels: -7.12% and -6.94% of GDP, according to two
aggregation methods.
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b. Stern (2006)

It is important to underline the impact of the works of Stern (2000) in calling the attention of the
international community to the issue of climate change. One of the assets of this report lies in the
fact that it offers a quantified evaluation of the future costs of climate change, directly intended for
political decision makers. It thus highlights the need to bring an economic vision to bear on climate
change in order to persuade governments as to the need to adopt, as of now, prevention and
adaptation measures so as to mitigate certain incidents that could be partly avoided if GHG
emissions were substantially reduced. It paved the way for recent economic studies (Mendelson and
al., 20006), Tol, 2007), which sometimes represent a further enriched, updating version of older
analyses.

By emphasising the dominant role of the theoretical framework on which the model rests, Stern lays
down his scientific orientations through the choice of the assumptions on which his analysis is
based. The latter are subject to criticisms on the part of authors not necessarily sharing the same
vision of the reaction of people with respect to their perception of the future, as regards "time price"
in particular (Tol, 2007)". The analysis of Stern (2006) has the merit of being integrated in the
empirical literature on the topic of evaluating the costs of climate change, by seeking to make up for
the shortcomings of the other analyses. Thus, the integrated evaluation model established (PAGE
2002 (Policy Analysis of the Greenhouse Effect 2002)) includes the market sector, the non-market
sector, as well as the possibility of extreme events.

One of the assets of this analysis is to consider, in addition to the costs related to production, the
impacts in terms of variation in the well-being of people. This consists in identifying per capita
consumption at each period according to the total production, then calculating the total social utility.
This technique requires a justification of a certain number of points. One difficulty lies in comparing
the marginal utility between the richest and poorest populations. The second requires the
anticipation of future consumption and setting a discount rate.

The estimates are worked out based on two different climate scenarios. The former corresponds to
the A2 scenario presented within the framework of the 3* IPCC report which assumes an average
temperature increase of 3.9° by 2100, knowing that the rises vary in the range of 2.4° to 5.8°. The
latter is much more alarming as it is developed by combining two amplifying types of impact due, on
the one hand, to low absorption of carbon and, on the other hand, to the increase in natural
methane emission. In this case, the rise in temperature will be of 2.6° to 6.5°.

The results are quite detailed and worked out according to several scenarios:

7 This is a reference to the debate on the discount rate level, presented on page 16.
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Graph 1 - Results of the analysis of Stern (2006)
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Source : Stern (20006), p178
According to the former climate scenario, temperatures will rise by 3.9° in 2100 and by 7.4° in 2200.
The impacts will be as follows:

e A fairly low loss in GDP per capita in case only the market sector is considered, generating an
average cost of 2.2% in 2200,

e Once extreme events are included, this cost amounts to 0.2% in 2060; 0.9% in 2100; and 5.3% in
2200,

e This cost amounts to 11.3% in 2200, when the non-market impacts are introduced.

According to the latter climate scenario, which assumes a temperature tise of 4.3° in 2100 and 8.6°
for the time frame 2200, the impacts will be as follows:

e A cost in terms of GDP per capita of 1.2% in 2100 and of 7.3% in 2200, if only the market
sector and extreme events are selected,

e The introduction of the non-market sector raises these costs to 2.9% and 13.8% for the same
time frames.

In any case, the costs will not be strongly felt until 2050, due to the low climate change over the first
fifty years.

Impacts on well-being will be quite significant. They are calculated based on the difference between
the balanced growth of discounted consumption and that, which takes into consideration climate
change.

According to the former climate scenario, in view of climate change between 2001 and 2200:

e The costs for the market sector are estimated, on average, as -2.1% of current and future per
capita consumption,

e This consumption loss is of -5 % when extreme events are introduced,

e It reaches -10.9% once the non-market sector is introduced.
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Now, according to the latter climate scenario:
e The market costs will post a -2.5% consumption loss on average,
e The market costs and those connected with extreme events are of -6.9%,

e The market, non-market and extreme events impacts add up to 14.4% of loss.

Thus, no matter the weighting method selected, the climate scenario chosen and the extent of the
sectors and events considered, the Stern report shows that the world will incur an appreciable cost in
the years to come, due to climate change.

Table 2 - Overview of most recent analyses
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2.1.4. Cost of an additional CO; unit emitted

The estimated marginal costs® are reckoned based on anticipation of the total costs. The works of
Tol (2005) constitute a major reference because they are a summary of the results of 28 analyses on
this topic (that is, 103 estimates), revisited by Tol (2007) who extends the number of analyses to 48
(that is, 210 estimates). The estimates of these analyses are gathered in a function of probability
(Probability Density Function - PDF), while taking into consideration the assumptions inherent in

8 A precise definition of marginal cost is suggested Appendix 1.

2-25



each of them. The use of an equity-based weighting seems to largely influence the results, just as the
adoption of a more or less high discount rate.

A marginal cost of 104 US dollars, on average, emerges from these analyses. It is quite unlikely that
the marginal cost of an additional ton of CO, be nil (as little as 2% chance). This cost can be lower
than 25 US dollars an additional ton, according to a probability of 54%. It is quite probable that it is
be less than 50 US dollars (68% chance) and strongly probable that it is be less than 100 US dollars
(81%). This probability reaches 100% for a high discount rate (3%), knowing that the possibility that
the marginal cost would be low is much greater. On the other hand, a low - near zero - discount rate
increases the probability that this marginal cost be particularly high, far beyond 100 US dollars (the
probability that it be higher than 250 US dollars is 26%). Similarly, in the case of an equity-based
weighting, the probability that the marginal cost be high will be greater.

Various recent analyses, based on distinct assumptions, have revealed that climate change will incur
a significant cost to society as a whole in the years to come. This cost will be more significant as
from the next century. The objective of these studies is to evaluate the future losses in monetary
units, taking into account uncertainty, in such a way as to call attention of political decision makers
to the need for action. However, a global vision remains approximate and necessarily requires
differentiating the impacts according to regions. Our present concern is to highlight the impacts
specific to the Mediterranean region as emerging from these works.

It is worth pointing out that few studies target the Mediterranean region directly, preferring a
continent-based decomposition. The results we will consider, therefore, astride the conclusions
made for Africa and those made for the Middle East.

2.2. Generally high costs for the Mediterranean region

The estimated global cost is an average of the impacts of climate change on the various regions of
the world, according to a selected weighting method. According to the geographical and economic
situation of the countries, the effects will be of variable intensity. On the one hand, the change of
temperature and rainfall will not be homogeneous. As shown in the first chapter of this report, the
Mediterranean region will be particularly concerned by a strong increase in temperature, a decrease
in rainfall and a rise in sea level. On the other hand, because of its intermediate development level
and of the specialization of its production in sectors heavily dependent on the climate’ (agriculture,
for instance, but also tourism or oil exploitation), this region would be particularly vulnerable to
climate change, if no risk prevention and adaptation measure was taken (Shérif, 2005).

2.2.1. Influence of the geographical position: The disadvantage of Mediterranean
countries

As regards the geographical position, climate studies show that most southern regions will be more
subject to climate change than the countries of the north. Indeed, the latter now have low and
moderate temperatures. Even if warming were to be more significant in the medium and high
latitudes, compared to the rest of the world (scenarios A2 and B2, IPCC, 2001), it would be
beneficial to these regions, insofar as it would offer new opportunities in the agricultural sector, in
particular, but also for tourism, the ecosystem and health, as well as energy saving in matter of
heating, while the air-conditioning demand would remain low.

9 The impacts of climate change on the Mediterranean region, according to various production sectors, will be addressed in the second part of
this section.
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Within the African continent itself, the impacts of the climate will differ according to the countries.
Nordhaus (2006) demonstrated the influence of the geographical position on the economic situation
of the countries of the north and of the south. According to the latitude and longitude, the
exogenous shocks, in particular those related to the climate, will be of more or less strong
magnitude. Thus, although the author makes his results relative afterwards, he highlights the
disadvantage of Africa concerning access to drinking water, proliferation of diseases, food security,
inducing a significant loss of growth and persistent inequalities. This disadvantage may worsen, as
the countries of the region will be more rapidly concerned by climate change in view of the current
problems already connected with the climate.

Indeed, North Africa, which is a fairly hot region, will be exposed to a northward shift of bioclimatic
stages, which will result in temperature rises and a reduction of rainfall. Based on the climate models
developed for the region, there may be anticipated a temperature increase of 1° and a reduction of
rainfall likely to reach 10% by 2020. On the longer term, this climate situation will worsen, with an
anticipated rise of 3° and 5° in 2050 and 2100, respectively, accompanied by a drop in rainfall
ranging from 20% to 50% for these same time frames ((Rousset et al, 2006). Besides, the frequency
of extreme events (drought periods, in particular) will intensify, just as abrupt temperature variations
(Nyong, 20006; Stern, 2006). Lastly, coastal zones will undergo the adverse consequences of sea level
rises. Flood risks are set to increase, generating a degradation of coastal infrastructures, loss of arable
land and displacement of the populations'’ (Nicholls and al., 1999)

Besides the forecasts put forward by MEDIAS within the framework of this report, one may also
consider the estimates of other meteorological models concerning this region, and which are used in
the recent economic literature addressing the costs of climate change.

For a detailed vision of the evolution of the climate, Mendelson et al. (2006) resort to distinguishing
the variation of temperatures and rainfalls by region according to three meteorological models,
weighted by population. An optimistic model ("Panel Climate Model" - PCM, Washington and al.,
2000), a pessimistic model ("Canadian General Circulation Model" - CGCM, Boer and al., 2000) and
an intermediate model ("Centre for Climate Research Studies Model"-CCRS, Emori and al., 1999).
Focusing on the African and European continents, there emerges from these models a rise in
temperature in 2100 ranging from 2.3° (PCM, Africa) to 6.2° (CGCM, Africa) compared to the pre-
industrial level. Regarding this aspect, all models agree as to emphasising that these two continents
will rank among those most subject to global warming. On the other hand, the models diverge with
regard to the future evolution of rainfall. While at best, these will increase (+11.9 %, for the model
PCM, Africa), other cases predict a risk of reduction in water resources (-10.3% for the model
CGCM, Africa). These differences are due to uncertainty as to climate evolution and generate
significant variances in the estimates; and this, although according to the same evolution, one
notices, however, that the temperature and rainfall variances are less marked for Europe than for
Africa.

The continent already experiences drinking water shortages. The quantity of water resources is
highly dependent on climate change. A temperature rise and a reduction in rainfall are thus likely to
have catastrophic effects on this region, which are likely to hamper certain economic activities and
have repercussions on the growth and development of the countries (UNDP-GEF, 1998).
Moreover, this phenomenon will be exacerbated by the fact that a too high temperature level is
likely to affect the productivity of certain sectors.

10 This aspect is further discussed under item 2.4.
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2.2.2. A greater socio-economic vulnerability in the South than in the North of
the Mediterranean

The Southern Mediterranean Countries (SMCs) count among those for which the temperature level
will be the highest and the future rainfall variation will be the most significant. However, the major
problem lies in the fact that, due to their intermediate economic development level and the
vulnerability of their environment, they are all the more sensitive to the future climate changes.
Indeed, the costs incurred by the countries are a function of the sectors dependent on the climate in
the economy and of their capacity of adaptation to the future temperatures and rainfall. By way of
comparison, the Northern Mediterranean Countries (NMCs) will undergo an almost equivalent
global warming but with a lesser economic impact. To begin with, owing to the specialization of the
economies in the tertiary sector, the importance of the economic activities sensitive to temperature
variation is relatively low. Besides, due to a more advanced economic development level, these
countries will have financial means to adapt their economy to climate change and to compensate the
possible costs of extreme events. The situation in the South is different.

First of all, among the Southern Mediterranean Countries (SMCs), many are those that are passing
to the last stage of their demographic transition. The population will, accordingly, multiply in the
years to come, thus multiplying the needs in water and food. The increase in the working population
will change the modes of consumption, which will result in an increase in the needs in matter of
energy, infrastructure and housing. The coastal cities will, therefore, be over-strained due to
incapacity to accommodate the flows of migrants in terms of public utilities and sanitation
conditions in particular. The massive and precarious urbanization will result in an increasingly
greater risk-taking especially in terms of exposure to the climate of the new housing sites.

Secondly, the Southern Mediterranean Countries (SMCs) derive several resources from agricultural
production, which is highly dependent on climate conditions. Water reserves will decrease and the
needs will increase. This will, then, give rise to difficulties in terms of food security, a vector of
proliferation of epidemics. The countries will, thus, be led to increasingly resort to imports.

In the absence of a dedicated policy, this dependence on foreign countries may grow stronger with
the increasing energy demand. On the one hand, there will gradually obtain an industrialisation of
certain countries and a growth of the tertiary sector whose energy needs will be constantly on the
increase. On the other hand, global warming will generate an additional energy demand for air-
conditioning.

Besides, their environment being already subject to high temperatures and being vulnerable, the
losses in terms of ecosystem are, therefore, likely to be felt. This phenomenon will have
consequences on the poorest populations which use the services offered by the land for subsistence
(subsistence products...) and will, in addition, translate into a reduction of tourism. The increase in
inequalities will not only be felt in the widening gap between North and South, but also within the
countries themselves. The social groups to be most affected are already the poorest ones (farmers,
fishermen, populations living in precarious housing and in risky zones...) who have least financial
resources to adapt to the climate and who remain the least prepared to respond. Within these groups
themselves, the women, children and the elderly will be the ones most concerned by these
difficulties (in this regard, one may mention the case of the devastating effects of the wave heat in
Europe in 2003 on the most vulnerable populations).

Mendelson and al. (2006) highlight the influence of the country’s economic development level on
the cost related to climate change. Even for a climate change identical for all countries, the highest
costs are borne by the poorest, and this, particularly in view of the large proportion of their
economy that is sensitive to climate change and of their lack of adaptation capacity. In this regard,
their results converge with the majority of the authors (Tol, 2002b; Nordhaus and al., 2000; Stern,
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20006). Nevertheless, the most significant costs will not be incurred by the Mediterranean region, but
by the countries of central Africa and South East Asia.

2.2.3. Main results for the Southern Mediterranean

Since we intend to conduct a detailed analysis of the economic impacts according to the sectors of
the countries of the Mediterranean region in the second part of this report, we will content ourselves
here with the overall costs borne by the region.

In spite of their geographical position, the Mediterranean countries are not the most vulnerable to
climate change. As emerging countries, they belong, for most of them, to the third highest quartile
in terms of income, in view of the breakdown of countries according to their level of wealth, as
proposed by Mendelson and al. (2006). As may be seen from their results, most of the scenarios
concur to estimating their loss as -1% of GDP in 2100. In the case of the CCSR and CGCM climate
models and of the experimental study, these costs reach -2% of GDP. However, only the market
sector is taken into consideration in the analysis, which means that these results are largely under-
estimated.

The same may be said about the analysis of Mendelson and al. (2000). Although the authors
integrate in their study a geographical parameter, they omit the non-market sector and extreme
events. Indeed, they choose a distinction of the evolution of the climate by latitude and longitude
according to two models of atmospheric circulation (University of Illinois at Urbana-Champaign —
UIUC, atmospheric general circulation model). The losses estimated for Africa and the Middle East
are thus quite low and, often, even positive. The anticipated benefits are in the range of 0.28% of
GDP for Africa according to the “Ricardian model”, to 1.34 for the Middle East, according to the
same model, for an average increase in global temperature of 2°. The most significant costs are -
1.82% of GDP, within the framework of the reduced-form model for Africa.

The study of Nordhaus (2006) presents the same shortcomings, but the results help clarify the
influence of the geographical position on the impact of the climate. Indeed, even if Africa incurs an
appreciable economic disadvantage due to its geographical position as compared with the countries
of the moderate zones (geography accounts for 20% of the differences in the GDP of the
countries), this disadvantage is marginal by comparison with the regions of smaller latitude.

For Tol (2002), the negative impacts of climate change will be mainly felt in Africa and Central and
Eastern Europe. They are evaluated as a percentage of global GDP for an average increase in
temperature of 1°. For Africa, the losses will be immediate and will amount to 2% of GDP in 2200.
They will increase over time. The costs incurred by Central and Eastern Europe will be much higher
and will reach some 8% of GDP for the same time frame. However, during a first period extending
from 2000 to 2050, these countries will see their benefits increase to nearly 3% of GDP, to
subsequently fall in a considerable way. This is due to the fact that the countries will suffer high
losses in terms of forestry, water and energy in order to meet increasing demand on air-conditioning
in particular.

Within the framework of the more comprehensive studies, Nordhaus and al. (2000) estimate that,
for an average temperature rise of 2.5°, Africa will incur losses amounting to 3.91% of the country’s
GDP, with - in the context of extreme events (and of a temperature rise of 6°) - an additional cost
of 2.68% of GDP. For the countries of Eastern Europe, these costs will be lower, amounting to
0.71% of GDP and 3.23% of GDP in the case of extreme events.

Stern (20006) argues that, in either of the two climate scenarios, when considering only the market
sector or when introducing extreme events and the non-market sector, the most significant
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economic impacts will be experienced by Africa, and the Middle East, as well as India and South
East Asia.

3. CONCLUSION

The objective of the first part of this chapter has been to conduct an overview of the major global
economic studies on the impact of climate change. In view of the significant differences between the
results of the authors, it has proved necessary - before presenting them - to highlight the influence
of the assumptions underlying the various models used for this purpose. These divergences are due,
on the one hand, to the difficulty of predicting the future and, on the other hand, to the fact that the
analyses are complex, integrating at the same time a physical, climatic and economic dimension.
Indeed, the anticipated future evolutions of the climate, the environment and development of the
economies suffer from a considerable uncertainty. The latter is all the greater as one is concerned
with the interactions between these various fields of analysis.

Global reference studies in the recent empirical literature on this topic are relatively quite few. They
all differ considerably, due to distinct analytical frameworks and assumptions. This influences their
results to a large extent. The most optimistic analyses are those that focus exclusively on the market
impacts of future climate change. The most complete studies are the most alarming. And even
though the data provided by the authors are given for the sake of information only, they help
underscore the need for prompt action in order to limit the impacts of climate change on the
economies. Indeed, the estimated future global costs may be in the range of 7% (in 2100) to 14% (in
2200) of world GDP per capita within the framework of the most comprehensive studies which take
into account the impacts of the climate and the extreme events both on the market and non-market
sectors (Nordhaus et al., 2000; Stern, 2006).""

Several common criticisms may be levelled at these analyses (Hitz et al., 2004). Certain sectors
whose weight in the economy is significant are often not included in the study because of the
difficulty related to the economic evaluation of non-market impacts. Moreover, the interactions
between the sectors of the economy are often neglected. They multiply the costs for the countries,
though. The results are, therefore, under-estimated, even in the case the market and non-market
sectors, as well as extreme events, are included in the analysis. Lastly, the forecasts concerning the
future economic development of the countries, as well as their adaptation capacity, are generally
considered in a rather superficial way. On this aspect, future works need to seek to make up for such
weaknesses.

The Mediterranean region is very little represented, as it lies halfway between Africa and Europe.
The results show, however, a significant cost for the countries related to an increase in temperature
and a reduction in rainfall in the years to come. In view of their geographical position, these
countries already experience high average temperatures and a lack of water resources; such problems
are set to worsen in the coming years, while in the Northern countries, the adverse impacts of
climate change will only be felt within a longer time frame (2050). The scope of these impacts will
vary according to these countries’ future economic development and their adaptation capacity. The
results of the studies may, therefore, have been over-estimated as, most of the time; they do not
consider this parameter.

The more precise studies reveal that the Middle Fast North Africa (MENA) region will be one of
the regions most affected by the adverse impacts of climate change (Stern, 2006). The losses

' Cf. summary table of Appendix 2.
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anticipated by 2100 will be around 7 % of GDP per capita on average for Africa and around 4% for
Eastern Europe (Nordhaus et al., 2000) .

The regional costs are, however, but a mean value of inter-country impacts. Some will be more
vulnerable than others according to the specialization of their production and the exposure of the
poorest populations. This distinction will be the subject of the second part of this chapter.

12 Cf. summary table of Appendix 2.
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Il. SECTORAL ECONOMIC IMPACT OF CLIMATE CHANGE IN
THE SOUTHERN MEDITERRANEAN COUNTRIES (SMCS)

The total cost for a country, due to climate change, is the sum of the costs for each market and non-
market sector of the economy. Either of these sectors is subject to various types of exposure which
vary according to the regions, all depending directly or indirectly on the climate (Llewellyn, 2007).

Firstly, according to the geographical position of the country, certain sectors will experience a more
or less strong exposure to temperature change. In the Mediterranean, the sectors which are most
water consuming and most exposed to meteorological risks (agriculture or tourism, for instance) will
be the most affected.

Secondly, the Kyoto Protocol and the adoption by the countries of regulation policies urge the
companies to take into consideration the problem of climate change as it induces additional costs
for them. Thus, according as to whether the companies which use or produce carbon intensive
goods are based in a Appendix 1 country or not, have an international presence and subsidiaries in
different regions of the world or not, they will be more or less concerned with national and
international regulation policies.

Thirdly, these same companies which will see their production cost increase will, therefore, seek to
adapt, to reconsider their production. The objective will be to set up an efficient production process
in terms of energy use. International competition concerning "cleanet" goods will, thus, intensify.
Accordingly, the countries that are not as yet concerned with regulation policies are likely to undergo
a disadvantage on the international scene.

Fourthly, this disadvantage will be all the more significant as certain companies in certain sectors,
which are highly polluting, will experience a fall in demand due to a bad reputation, in a world where
carbon intensive productions will be increasingly blacklisted and where respect for the environment
will be an essential condition. Consequently, the hydrocarbon production sector—being of
paramount economic importance for several Mediterranean countries—could be particularly
impacted in the medium term.

Lastly, according to the sectors and the countries, technological opportunities are not the same,
some being able to benefit from recent progress and accessible technology which, thus, facilitate
adaptation to climate change.

All companies, all sectors, in all countries are, accordingly, called upon to anticipate while taking into
account, as of now, the problem of climate change, and to mainstream this phenomenon in their
production process. This will help, on the one hand, mitigate the costs of climate change and, on the
other hand, cut a niche in markets requiring little carbon and energy intensive production and
consumption processes.

With regard to Southern Mediterranean Countries (SMCs), the effects of international regulation
policies will have only an indirect impact on their production, just as the reputation effects, except
for the oil-producing countries, albeit in the longer term.

However, their physical exposure gives rise to a major problem because, as we have already seen,
these countries already experience high temperatures and water scarcity, and these difficulties will
only be exacerbated by the rise in temperature and the reduction of rainfall predicted by the various
climate scenarios. If one assumes the point of view according to which each sector has an optimal
temperature for which its production is optimal, the risk for the majority of the sectors of these
countries is to be already beyond this threshold and that their benefit decreases even though their
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cost goes increasing'” (Graph 2). This temperature varies according to the sectors and the counttries.
In this section, we will consider the results of the authors for each sector.

Graph 2 - Quadratic relation between climate change and impact
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According to each country’s part of the production that is dependent on the climate, the future costs
will be quite different from one economy to another for an almost identical climate change. It is thus
significant, first, to compare the countries’ production structure because the level of development of
the economies and the population distribution are necessary to appreciate the extent of their
vulnerability to the climate and, therefore, the potential economic impact.

Each of the sectors will, afterwards, be considered independently from the others. The objective is
twofold: the purpose is, on the one hand, to highlight the causes of their vulnerability to the climate
and, on the other hand, to evaluate the future impacts of the climate change, using the empirical
literature. The references are at the same time global studies and targeted analyses. Emphasis is
placed, in particular, on the units used by the authors to evaluate the future costs in the market and
non-market sectors.

1. ECONOMIC STRUCTURE AND VULNERABILITY OF THE COUNTRIES OF
THE REGION

Before focusing on the impact of climate change on the various sectors of the economy, it is
important to gather an overall vision of the share of each sector in the countries of the region. The
availability of data compels us to consider only certain market sectors. These are agriculture, industry
(of which manufacturing industry), construction, transport and trade (cf.Graph 3). The data are
supplied by the United Nations Statistical Department (UNSD)"* for 2006.

13 For further detail, cf. “Ricardian” Models in Appendix I.
14 http://unstats.un.org/unsd/databases.htm
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Graph 3 - Distribution of value added by the sectors of the economies of the Southern Mediterranean (in percentage of
total value added) in 2006
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The remarks that may be made based on these graphs are only for the sake of information and do
not allow to develop a precise analysis of vulnerability. First of all, as the non-market sector is not
considered, it is impossible to appreciate the total exposure of the economy. Besides, the
distribution of economic activities is far from being detailed, certain sections grouping various
distinct specializations (transport and communication, for instance). Lastly, the number of tertiary
activities grouped in the section ‘other activities’ is quite substantial, which does not allow a precise
vision of the role of the public, financial and private sectors in each of the countries, respectively.
Furthermore, the figures used reflect only imprecisely the specialization of the countries, in the sense
that what is considered is the value added of each activity. Indeed, it is possible that the agricultural
sector may produce only little income, for a poor crop year, though its relative share, in terms of
working population, for example, is fairly more significant than in the other sectors (see Table 3).
Finally, one should take into account the fact that, according to the countries, the sectors are already
more or less adapted to significant weather variations (for instance, agricultural production in
Morocco is much more dependent on weather conditions than in Egypt).

Syria is a country whose production is largely based on the agricultural sector. In this regard, the
structure of the economy of this country contrasts with that of Israel, Jordan and Lebanon for
which the share of agricultural production is extremely small (less than 5% of the total value added).
For the other countries of the region, it ranges between 9% (for Algeria and Turkey) and 15% (for
Egypt and Morocco) of the total value added. On the whole, the agricultural sector does not exceed
the fourth of the total value added for the countries of the region.

The share of industry (mining, manufacturing, electricity, gas, water) is fairly significant for the
majority of the countries. It is dominant in Algeria where it accounts for about a half of the total
value added. Similarly, in Lebanon and in Syria, manufacturing and mining industry accounts for
more than a fourth of the total value added. It stands at about 30% for Egypt, Tunisia and Turkey.
It is fairly low in Lebanon, in Jordan and in Morocco.

Construction has a constant weight in the total value added of all the countries of the region, of less
than 10% but higher than 5%, except in Syria, Egypt and Jordan where its share is quite low.
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Transport, storage and communication are fairly significant activities for the majority of the
countries (Jordan, Syria, Tunisia, Turkey) and non negligible for the others. It should be noted that
transport dominates, the share of storage and communication being fairly small.

The trade, catering and hotel business are dominant activities in the countries where the economy is
rather focused on the development of tourism: Tunisia and Turkey and, to a certain extent, Lebanon
and Syria, where the weight of trade is dominant. Let us note that it is the same countries for which
transport occupies a significant place. This rather stands to reason, as these two activities are very
closely interrelated. The share of this sector remains above 10% in the other countries.

Lastly, the part dedicated to ‘others activities’ is quite large and is concentrated mainly on the tertiary
sector. This involves, in particular, financial intermediation, real estate, public services (defence,
social security ...), education, services to self-employed individuals and workers. One deplores a lack
of availability of data concerning the relative share of each of the components of this sector.
Nevertheless, this is informative, on the one hand, about the specialization of the countries and, on
the other hand, about their level of development. Indeed, the countries for which this sector is
dominant with respect to agricultural and industrial production have the same profile as the
countries of Western Europe. This is the case, in our sample, of Israel which offers many good
quality public and banking services, just as is the case for Lebanon and Jordan. They are also
countries for which agricultural production is the lowest.

These activities are, however, largely developed in the other countries of the region, as they account
for not less than 15% of the total value added of each one of them.

Table 3 - Distribution of working population in the various sectors of the economy of the Southern Mediterranean

Countries (SMCs)
Agriculture Industne Construction Services
19495 2000 2001 1995 2000 2001 10495 2000 2001 1995 2000 2001

I lgérie 17 .4 157 21,1 13,3 12,6 13,8 13,3 117 10,4 56,0 a0,0 547
Chypre 10,5 54 4,9 16,3 14,1 14,0 9.8 0,0 10,0 53,4 70,5 b B §
Eaypte 334 296 ! 15,6 13,4 o 6,4 74 . 4.6 49,1 -
[ sraél 248 2.2 1,9 20,7 18,0 175 7.2 53 5.2 3.2 74,5 75 4
fordanie 6,9 5.5 4,1 15,7 14,5 151 10,1 73 6,7 67,3 72,7 MM
Maroc v 471 45,2 I 13,0 12,8 2 6,0 6,4 i 338 355
Malte 1,7 1.7 2,1 23,2 26,2 24,1 4.6 60 7.7 70,5 §5,2 66,1
Fer. Pales. 12,7 137 12,0 18,0 14,3 14,0 19,2 197 146 25,6 29,9 345
Eyrie 28,6 32,0 26,9 17,3 13;1 12,2 12,6 124 11,2 41,5 425 449 7
Funisie 219 221 22,0 21,8 20,5 21,7 13,2 127 12,2 43,1 44,7 44 1
Turguie 43 4 345 35,4 16,2 18,2 18,3 6,1 64 5.3 34,3 40,9 41 .0
Moyenne

I ud-Mad 23,5 25,0 23,8 16,8 4,9 154 11,6 105 9.5 44,6 46,7 9.7
Moyenne PM| 17,2 19,0 17,6 17,8 16,2 16,4 10,3 a7 9.0 51,6 53,1 54,6
LE-15 5.2 4.3 4,3 21,0 19,5 19,2 7.4 72 7,2 55,3 68,9 54,3

Source: European Commission, Eurostat, Statistics in Brief 24/2002. .

The table above shows that the major part of the working population is to be found in the
agricultural sector in most of the Southern Mediterranean countries, particularly in Morocco,
Turkey, Syria and Algeria. This corresponds to the countries for which the value added in the
agricultural sector is comparatively the highest. These are also countries liable to be among the most
vulnerable to climate change. A significant segment of society will thus be concerned by the
difficulties related to climate change. In this sector, evolutions since 1995 are low. However, the
estimated scenarios anticipate a shift of the working population of this sector to the other sectors of
the economy (see Graph 4).
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Graph 4 - Agricultural population in Mediterranean countries: Evolution and projection
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Moreover, we can notice an increasingly marked shift towards the tertiary sector in the economies of
the region (particularly in Israel and in Jordan and, to a lesser extent, in Tunisia) which is in keeping
with a significant weight of these activities in the total value added of the countries. This sector will
be more spared by the impacts of temperature change. There may be anticipated, therefore, a lower
cost related to the future climate for the populations of these countries.

Finally, we can observe that the secondary sector is particularly efficient as it employs a low part of
the population of all the countries, though it contributes for the larger part in the total value added.

In sum, the specialization of the production of the economies of the region varies from one country
to another: Syria is a mainly agricultural country; Algeria, Egypt, Tunisia and Turkey have a
significant industrial production; Israel, Jordan and Lebanon are countries for which the tertiary
sector is quite developed. Morocco and Egypt have a production which is fairly evenly distributed
between the various sectors of the economy. One also notices the great closeness between the
structure of the economy of Turkey and Tunisia. Thus, in view of the disparity between the
countries and the regions of the same country, the North being often more industrialized and the
South more agricultural, as well as of the share of the population segment employed in each sector,
the impact of climate change will not be even across the region.

2. AGRICULTURE: A PARTICULARLY SENSITIVE SECTOR

2.1. Specificities of economic analyses

The impact of climate change on agriculture has been the subject of several recent studies. The
models developed to measure these impacts tend generally to be of the Ricardian type and they
examine the relation between temperature and rainfall variation and agricultural income
(Kurukulasuriya and al., 2006; Mendelson and al., 2006). According to a review of the literature on
this topic, Hitz and al. (2004) emphasised the relevance of applying the inverted U-curve to this
sector. In the areas where the climate is favourable, a moderate rise in temperature offers new
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conditions for crops and crop growth. Beyond a certain threshold, the lack of water resources and
the extension of the dry season generate significant costs for the farmers.

The setting of this temperature threshold varies according to the authors. For Mendelson and al.
(2000), the optimal temperature for the agricultural sector is of 14.2° according to the Ricardian
model and 11.7° for the reduced-form model (with a rainfall of 10.8 cm/mo). Tol (2002b) estimates
this threshold as +3° with respect to the level of 1990 for Africa and +3.08° for the Middle East.

The indicators selected in the quadratic equation can be of various types. There may be considered
the net income or profit ofto the farmers (Mendelson and al., 2000; Kurukulasuriya and al., 2006),
the number of people likely to suffer from famine (Rosenzweig and al., 1995; Fisher and al., 2002),
land productivity (Darwin and al.,, 1995), total agricultural production (Tol, 2002b) or even a
composite indicator encompassing at once the farmers’ income and the share of agricultural
production in total GDP (Nordhaus and al., 2000).

With regard to the general and targeted analyses, the losses in terms of GDP in the agricultural
sector vary according to the assumptions selected. In the case of the global analyses, the results are
often the extension of the data obtained for the United States (Mendelson and al., 2000). Similarly,
many studies use the analysis of Darwin and al. (1995) as a reference. These studies estimate the
impacts of a climate change per region, but with a major focus on the United States, Japan, Europe
and China, the other zones being grouped within a section entitled "rest of the world".

One of the factors likely to account for the divergences between the results is related to the fact that
certain analyses introduce into their study the beneficial effects of an additional CO2 concentration
in the atmosphere (Rosenzweig and al., 1995; Mendelson and al., 2000; Nordhaus and al., 2000),
while others do not (Fisher and al., 2002; Kurukulasuriya and al., 2006). Actually, an additional CO2
concentration may have a positive impact on certain crops by stimulating their growth and reducing
their water needs. It seems, however, that there is a tendency to over-estimate this physiological
effect and that this gets saturated beyond 700 ppm.

Furthermore, certain studies invoke the capacity of adaptation of the countries (Mendelson and al.,
2000; Tol, 2002b). But this assumes either considering a long time period allowing the farmers to
vary their production (use of new seed, planting, growth of crops, harvest ...); in this case, the
adaptation follows the temperature variation. Or else, this may require setting the assumption
according to which agriculture responds quickly to climate, with the extension of new, more adapted
crops; in this case, adaptation goes alongside with climate change (Mendelson and al., 2000).

2.2. Agriculture in the Southern Mediterranean

The main problem faced by farmers today, but which will grow more important in the years to
come, is related to water scarcity (Plan Bleu, 2007b). The losses in terms of water resources
following a temperature rise of 1° may amount to 2 million US dollars in Africa and 1 million US
dollars in the Middle East (Tol, 2002b). Agriculture is a large water consumer: 61% of the water
resources are used on average for the crops (particularly in the southern part of the region), 28% are
claimed by industry (manufacturing, power production in the North in particular ...) and 11% by
households (Plan Bleu, 2007b). These differences between the Northern and Southern regions are
due, on the one hand, to the specialization of the regions and level of economic development (the
North being more industrialized than the South which is more agricultural and more exposed to
high temperatures) and, on the other hand, to a concentration of the populations in coastal cities.
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Table 4 - Water quantities currently used in the Mediterranean basin

Sous-régions Volume d'eau utilisée par secteur (km¥an)

(dans le bassin Industrie non Centrales Total

méditerranéen) | Collectivités Agriculture raccordées thermiques kmé/an km¥an
Nord 10 296 104 2186 716
Est 3.1 10,1 1,2 0 144
Sud 34 54 1" 8 02 65,7
Total 16,5 93,8 19,6 21,8 1517
% 10,6 61,8 12,9 144 100

Source. Plan Bleu 2007

In the region, not only will rainfall decrease, as already seen, but also some climate variations will
appear in the course of a same year. Thus, since rainfall will concentrate over a short period and not
extend over the whole year, the losses will multiply due, in particular, to a lack of infrastructures
allowing the storage of the surpluses to respond to future needs, and due to the adverse impacts
related to periodic water surpluses (floods, loss of crops ...). Consequently, if a production is made
vulnerable during a critical period of its cycle, crops may considerably decrease. Moreover, soil
quality will be deteriorated, thus reducing its fertility ISVA, 2002).

The area allocated to agriculture will decrease in favour of the expansion of arid and semi-arid
zones. Nearly 250 million people are likely to experience a water shortage in Africa by 2020. The
yield of rainfed crops is likely to be cut down by 50% by 2020, thus creating some problems of food
security, malnutrition and epidemics in the region (IPCC, 2001). One can anticipate a reduction in
the yields ranging from 10% to 50% in Morocco in 2020, for crops requiring significant water
resources, and from 5% to 14% of the average yields in Algeria for the same time frame (Rousset
and al., 2006). Indeed, the impacts will be all the higher as the poorest populations live in rural
environment and subsist on their crops. In the Middle FEast — North Africa (MENA) region,
agriculture already meets barely half of the needs of these people (World Bank, 2005). Difficulties to
get food will, moreover, be exacerbated by the reduction of fishery resources attendant upon the
increase in temperature and over-fishing (ISVA, 2002).

Diagram 1- Distribution of North African arid zones
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Source. Nyong (2006)
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2.3. Anticipated costs for the Southern Mediterranean Countries
(SMCs)

Most of the analyses underline an increasing benefits in the agricultural sector for the countries of
the North as induced by a low temperature rise (of up to 3° generally) and a significant and
immediate cost for the Mediterranean region. For less alarming studies, these losses remain
marginal.

Nordhaus and al. (2000) estimate a rate of 0.06% loss for Africa and of 0.58% for Eastern European
countries for a doubling of CO2 concentration in the atmosphere corresponding to an increase in
temperature of 2.5°. These differences between the two regions are due mainly to the share of
agriculture in the total production of the countries.

For Tol (2002), the African countries will experience an increase of 0.18% of agricultural gross
product for a temperature rise of only 1°, which will be 0.23% for the countries of the Middle East.

Mendelson and al. (2000) reach quite different results. According to the model selected, their
estimates pass from an additional benefit of 11 billion US dollars, for the African countries, and 80
billion US dollars, for the countries of the Middle East, to a loss of 137 billion US dollars and a gain
of 37 billion US dollars, for the same countries, respectively, following a temperature rise of 2°. The
disparity in these results is due not only to the model but also to the fact that they are founded on
extrapolations of conclusions formulated for the United States, which gives very approximate
figures.

In most cases, the costs for the countries of the region are significant. Fisher and al. (2002) estimate
these losses in the range of 2% to 9% for Africa. In North Africa, these losses will be especially
important in Algeria, Tunisia and Morocco. In Eastern Europe, in spite of a reduction in farmland
(ranging from —0.2% to —5.9% of total farmland space), the value added in the total production of
the countries will be maintained at a level close to that of today.

Stern (2000) argues that a temperature rise of 2° can generate a reduction in world grain production
by 5%. This impact is multiplied in the Middle East — North Africa (MENA) region where this
production may experience a decrease in the range of 15% to 35% according to the real effect of
fertilization of additional CO2 in the atmosphere.

It is however necessary to differentiate the impact of climate change according to various types of
crops. The climate change impacts will not be the same on cattle, irrigated crops and rainfed crops.
Kurukulasuriya and al., (2000) estimate that, in Africa, for a temperature rise of 1°, the incomes
losses will be of 27§ per hectare for rainfed crops and of 379% per farm for cattle, while irrigated
crops will report a gain of 30$ per hectare. Indeed, for the latter, an increase in temperature will be
beneficial for the countries of North Africa, where the climate is more moderate, though it will
generate additional costs for the southern, hotter regions. The impacts on rainfed crops will be felt
at once. In the long term, the global impacts will depend on rainfall. If rains intensify throughout the
year, all farms will obtain a benefit from it. Otherwise, only those irrigated crops which will not
suffer from a water shortage will survive to climate change.

However, these optimistic conclusions as for the situation of irrigated crops must be perceived
within a relative context. Indeed, the water needs for this type of agriculture will also increase due to
a concentration of rainfall over certain periods and, thus, to increasingly frequent drought periods,
as well as due to an increase in the evapo-transpiration connected with global warming likely to
disrupt the production cycle. (Rousset and al., 2006)

The interdependence between the sectors can further exacerbate the negative impact of climate
change. The decrease in water resources may accentuate the reduction of agricultural production.
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This phenomenon will induce a decrease in the wages and employment of the poorest populations
segments for which agriculture is the main source of income. This may give rise to catastrophic
impacts in terms of food security and proliferation of epidemics, as vectors of reduction of life
expectancy of the most vulnerable populations with, in particular, an increase in infant mortality.
This will be followed, in the short term, by a displacement of the rural area to already over-
populated cities. Consequently, the needs for infrastructures, public services and housing will
increase in urban areas. Then, in the longer term, the populations will migrate to the north, to the
already vulnerable coastal cities.

3. ENERGY AND INDUSTRY

The industry sectors will be seriously concerned by climate change. The first to be impacted by the
latter is the energy sector. Climate change will have impacts not only on the supply side (production)
but also on the demand side.

3.1. Change in demand on energy

3.1.1. Specificities of economic studies

On the demand side, the increase in temperatures will cause a reduction in demand on energy for
heating, but an increase in air-conditioning needs for the summer season. The further south, the
more marked will these be. However, it is difficult to define precisely the relation between climate
change and variation of energy demand (Hitz and al., 2004).

As is the case of the agricultural sector, certain authors argue that there is an optimal temperature
for which energy demand is lowest (Mendelson and al., 2000). The approach would, then, be to
compare temperature variation and energy expenditure to identify this threshold. The graphic
representation of demand takes the shape of an inverted U curve with, on the ascending part, an
increase of benefits and, on the descending part—beyond the maximum—a reduction in benefits
and an increase in losses. This is owing to the fact that, in the ascending part of the curve, the
increase in temperature induces a reduction in the use of heating that is higher than the increase in
demand on air-conditioning, thus giving rise to a reduction of the costs for the country. In the
descending part, this relation is reversed and induces an increase in production costs. According to
the same logic as above, it is the countries with already the more moderate climate which will know
the larger benefits. The optimal average temperature stands at 8.6° for Mendelson and al. (2000)
within the framework of the Ricardian model and 10° according to the reduced-form model.

However, when the heating and cooling needs are disaggregated, there is a linear relation between
temperature variation and energy demand for heating (decreasing relation) and for air-conditioning
(increasing relation) which varies according to the total population, the average income and level of
technological development of the country. Then, the value of the income-demand elasticityas to be
set. In the case of industrialized countries, this elasticity tends towards zero. On the other hand, in
emerging countries, it is closer to 1 because of a stronger sensitivity to income.

More synthetically, the economists put forward the assumption that energy demand decreases with a
temperature rise to a certain threshold, though difficult to define, from which the air-conditioning
demand is substituted for the heating demand (Graph 5). But to highlight such a phenomenon, it is
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necessary to look from the standpoint of a climate scenario on the long term so that climate change
be sufficient enough to induce a marked variation in energy demand (Hitz and al., 2004).

Graph 5 - Variation of energy demand according to temperature variation

Total energy demand

Energy use

Low point in energy use

Temperature

Source. Hitz et al. (2004)

The indicator representing energy demand can take various forms. Thus, one may select total
expenditure on energy of the commercial and housing sectors (Mendelson and al.,, 2000), or
expenditure on heating or air-conditioning only, or still the total amount for both (Tol, 2002b).
However, because of the lack of availability of this type of data, in their attempt to determine the
energy demand per country or region, the authors opt, quite often, for extrapolating the results
obtained from studies dedicated to Northern countries (Mendelson and al., 2000; Tol, 2002b). In
order to avoid too large variances with respect to reality, the level of the parameters of the model is
adapted to the profile of the countries.

3.1.2. Impacts of climate change on energy consumption in the Southern
Mediterranean

Consumption of primary energy in the Southern and Fastern Mediterranean Countries (SEMCs) is
markedly on the increase. It increased by 68% between 1990 and 2005 and is likely to double up
between 2005 and 2020 (WEO/Plan Bleu, 2006). The share of the SEMCs in the total energy
consumption of the Mediterranean basin (Northern rim and Southern rim) would pass, in this case,
from 28% in 2005 to 40% in 2020.

The increase in demand in the SEMCs is due to the needs related to the countries’ economic
development and the growth of the population whose standard of living and consumption patterns
change (urbanization, transport, comfort ...). The population of the SEMCs would increase by 64
million inhabitants between 2005 and 2020. The electricity demand, which had grown fourfold
between 1980 and 2000 in the SEMCs, could thus be multiplied by 3 between 2000 and 2025.

Energy demand is partly determined by the change of temperature. Thus, although it is quite
difficult to distinguish the influence due to climate change in the total rise of energy consumption, it
seems that global warming could lead to accelerated energy demand in the Mediterranean,
particularly in the summer season. This may be connected, for instance, with an increased growth in
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air-conditioning demand for the housing sector, commercial buildings and vehicles. In Malta,
demand on electricity has already become more significant in the summer than in the winter season,
following—in particular—the penetration of new equipment, especially air-conditioning (Plan Bleu,
2007). In winter, energy demand for heating could be less high.15 Similarly, a reduction in heating
energy needs has been observed in Greece (Giannakopoulos and al., 2000).

The energy needs for water treatment could also prove to be a significant factor of an accelerated
growth of total demand. Indeed, climate change increases the process of water scarcity. Several
countries already resort to desalination (Cyprus, Israel, Malta ...). Certain Southern countries (Libya,
for instance) point out this factor as being determining in future growth of energy demand. Besides,
wastewater treatment, irrigation and water transfers will accentuate this phenomenon.

In any case, extreme events of the heat-wave type, such as reported in 2003 in Europe, are likely to
generate very high consumption peaks.

3.1.3. Anticipated costs for the Southern Mediterranean Countries (SMCs)

The main results of the empirical economic literature on the Southern Mediterranean region
highlight a considerable cost in terms of additional energy demand in the wake of climate change.
This is due, to a certain extent, to the fact that the countries have already exceeded the threshold
beyond which the air-conditioning demand will be steadily on the increase, with average annual
temperatures above 24° for Africa and between 8° and 9° for Eastern Europe. These losses are of -3
billion US dollars for Africa and -8 billion dollars for the Middle-East, according to the Ricardian
model, for a temperature rise of 2°. They amount to -7 and -17 billion, respectively, according to the
reduced-form model.

For Tol (2002b), whose analysis is based on a more optimistic climate scenario (+1° on average), the
countries of the Middle Fast derive benefits of about 8 million US dollars from saving on heating
which largely compensate for the losses of -1 million dollars due to demand on air-conditioning. For
the African continent, there are no additional benefits but only losses of -5 million dollars for an
increasing demand on air-conditioning.

In sum, despite the potential reductions in energy consumption for heating, the necessary increase as
regards air-conditioning will no doubt be higher (Report from the EU project "Climate Change and
Employment", 2007). Regatrdless of the net balance, the trend scenarios highlight the fact that
demand on primary energy will double up in the Mediterranean by 2025 (Plan Bleu, 2005), which
will incur the countries a significant cost, requiring beyond any doubt an increase in supply.

3.2. Impact of climate change on energy supply

On the supply side, climate change may have direct economic impacts (for example, on the
infrastructures, production or renewable resources) or indirect impacts, through increases in prices
on international level (and hence an energy bill), related to the energy policies not only of the
Mediterranean countries but also of the countries outside of the region.

The variation of the supply responds, on the one hand, to the increase in demand and is, on the
other hand, imposed by climate risks (particularly with regard to renewable resources and
infrastructures) and by the regulation policies aimed at reducing GHG emitting productions (which
involves, in particular, the hydrocarbons sector: coal, oil, gas).
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The Mediterranean region epitomises, in itself, the whole range of global energy issues: increase in
energy dependence (for importing countries), increase in demand on energy and infrastructure
(notably electricity), problems related to the production of hydrocarbons (for the exporting
countries: Algeria, Libya, Egypt, and Syria). Accordingly, whatever the possible impacts (be they
direct or indirect) of climate change, the region will be affected.

In 2005, fossil energies (oil, coal, gas) accounted for 95% of the energy supply of the SEMCs. In
order to meet the growing needs of the Southern Mediterranean countries, it is anticipated to have
an increase in primary energy production particularly in Algeria, Egypt and Syria. This production is
likely to double up by 2025 mainly in view of the countries’ oil and natural gas resources (Plan Bleu,
2005).

In this context, the acceleration of energy demand due to climate change may translate into a trend
towards an increased trade deficit for importing countries'® (already increased by the anticipated
reduction in agricultural production and the rise of the prices of fossil energies, of which oil, in
particular). Not all industries are, however, affected with the same intensity by the changes in energy
prices (Table 5)."" Such a trend will intensify with climate change and the increase in extreme events.
The example of a record price of a barrel of oil at 83% reported in October 2007 and partly due to
anticipation of a tropical hurricane on the Gulf of Mexico likely to damage the oil infrastructures,
attests the sensitivity of oil prices to the climate.

The situation is set to worsen over the longer term with the reduction of fossil energy resources and
the shift of international demand towards less expensive and less polluting energies. International
competition will evolve at the expense of the oil exporting countries. As the current price of
exhaustible fossil resources comprises a significant element of revenue, in particular for oil and
natural gas, there is a risk that the price of fossil energies should slump in response to a stepping up
of climate change policies, which could consequently undermine their effectiveness (Stern, 2000).

The climate change policies currently conducted by the consumer developed countries, in particular
the EU, give rise to a significant concern among the national oil companies, because they have a
negative anticipated impact on oil consumption and on future use of petroleum products.' The
financial losses for the national oil companies induced by a reduction in the growth of oil
consumption'’ would amount to between 210 and 265 billion US Dollars over the period 2005-
2015, for a barrel at 60 US Dollars. Moreover, the lack of certainty concerning future demand
discourages investment, which may have a negative impact on security together with similar risks to
the sectors producing oil by-products. The sum of these impacts could reduce future consumption
and the price of oil.

It is, thus, the countries which produce electricity based on non fossil energy and on gas, whose
prices will vary in a less marked way, which will be the least vulnerable to the indirect impacts of
future climate change and the most able to meet the additional domestic energy demand (Stern,
20006).

16 Or those which will become so in the short/medium term for certain types of fossil energy (case of Egypt).

17 The ‘pick oil’ date (moment when oil production will start to decrease) is currently the subject of debate among experts.

18 "The Impact of Climate Change Policies on National Oil Companies", report prepared for the Environmental Working Committee of the
National Oil Company Forum, 2007.

19 The report rests on the assumption that despite climate policies, oil consumption increases by 2% per year.
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Table 5 - Variation of energy price and sensitivity of the industries
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3.2.1. Direct impacts of climate change on infrastructures and power production

The equipment of the Southern Mediterranean countries in basic energy infrastructures is still
considerably short of meeting future demand. Indeed, in 2005, over 9 million people located in the
Mediterranean region, particularly in Syria, Egypt and Morocco, did not have access to electricity
(Plan Bleu, 2000).

Climate change directly affects the conditions and potential of power production. Moreover,
extreme events impacting the infrastructures can considerably disrupt energy production and
distribution.

Climate change will affect hydroelectric production in two ways: firstly, by a reduction of rainfall;
secondly, by a rise in evaporation of lake water due to the rise in temperature. In 2005, for instance,
rainfall in Spain was lower than the normal rate for the second consecutive year, which considerably
reduced the water capacity available. The average rate of recharge was lower by 50% for the first
time since 1995 which caused a reduction by 34% of the hydroelectric production between 2004 and
2005.% Among the SEMCs, this source of power production is particularly significant in Morocco,
Tunisia, Egypt, Lebanon, Syria and Turkey.

The change in wind regimes may, in its turn, affect wind energy production. Besides, temperature
rises” can disrupt the cooling of the power stations. In the longer term, sea level rises can have an
adverse impact on coastal activities related to refinery activities and transport of energy (in particular
of hydrocarbons). Moreover, climate conditions may hamper proper logistic operation of certain
energy extraction or transport activities (land transport, sea transport, pipeline conveyance ...).

Besides, degradations of infrastructures due to extreme weather events are on the increase: risks of
production or distribution disruptions, accidents, accelerated ageing.

2 |n this year (2005), the drop in hydroelectric production was partly compensated by wind-energy based production, imports (+26%) and
production of conventional thermal stations (+17%).

2'The heat-wave of 2003 caused problems for the French nuclear reactors, which many are cooled by river water. In certain French regions,
river water levels dropped so low due to the drought that the cooling process became impossible.
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Thus, from an economic point of view, the cost of climate change will take the form of a poor
allocation of capital: the productivity and useful life of factories or infrastructures will be reduced by
the new climate conditions (Hallegate, 2007).

On the whole, the considerable increase in demand at periods during which the production capacity
is reduced causes ‘black out’ and/or spill-over impacts, which would induce huge economic costs by
crippling entire sectors of the economies. To this, there must be added the possible impacts of
extreme events on the infrastructures, and of increasing instabilities and uncertainties with regard to
hydrocarbons.

3.3. Costs of climate change for industrial enterprises

The decrease in water resources, of which a quarter of the total use meets the needs of the industrial
sector, will incur very heavy additional costs. This is the case for certain manufacturing enterprises,
such as semi-conductor enterprises. Indeed, this problem is likely to disrupt the supply of firms
whose production process is mostly dependent on this factor. Accordingly, these costs will be all the
higher as these firms would not have anticipated the changes in rainfall and are faced with drought
periods.

The firms of the Mediterranean region are not directly concerned by the measures taken within the
framework of the Kyoto Protocol, except for multinational firms which have subsidiaries in other
countries of the world; but these remain a minority. However, clean production processes will be
encouraged. Oil industry will undergo the effects of regulation policies in the Northern countries
which will translate in an additional cost in the use of this energy, due to taxes. World demand will,
therefore, be gradually shifted towards goods whose production is low in carbon, which will be—in
the long term—Iess expensive. Polluting companies will, moreover, suffer from a bad reputation
likely to cause disinterest among people for their goods (Table 5). Everywhere in the world, firms
that have not readjusted their production will suffer from a notable comparative disadvantage,
including the companies that are not subject to regulation policies. This will be the case, in
particular, of basic industries (chemistry, coal, steel) and manufacturing industries. Firms that do not
resort to new technologies to reduce their emissions may then be left behind in the competition race
and will even have, in the long term, to get their supplies from competitors. Furthermore, although
demand turns on from polluting companies to cleaner firms, the main energy producers, such as gas
companies, will not report any boom in their profits because of a reduction in demand for heating in
the Northern counttries.

With regard to railway, maritime and air transport, the difficulties likely to be faced by companies are
also due to rises in oil prices induced by the additional charges levied on carbon. In addition, some
of them will have to reorganise their specialization at the risk of experiencing a drop in their
earnings due to a change in the countries’ patterns of energy use. There will be observed, for
instance, a reduction in the use of coal, on international level, which can be substituted by gas or
electricity. Their future costs and profits will thus depend on their adaptation capacity.

Furthermore, Mediterranean countries are incepting the last phase of industrialization of their
economy. Their CO2 emissions will be all the more significant as the countries of the region resort
mainly to fossil energies. Thus, the forecast baseline scenario indicates a doubling up of CO2
emissions due to energy use in the Southern Mediterranean region between 2005 and 2020 (reaching
1400 million tons of CO2), (Plan Bleu, 2006). The countries are, therefore, likely to be soon called
upon to take measures aimed at reducing pollution.
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The direct and indirect costs induced by climate change for the industry and energy sector in general
could be quite significant. The adverse effects will be exacerbated by the degradation of the
ecosystem which will be attendant upon the development of heavy infrastructures. Besides, the
increase in energy consumption and industrial activities may give rise to a doubling up of CO2
emissions on the part of the SEMCs by 2020, which will have a significant impact on pubic health,
particularly in urban areas and in major coastal cities. Measures aimed at making the energy system
less vulnerable to climate change and adapted to a low carbon emission world economy are likely to
quite significantly reduce the costs and derive quite significant spin-offs (cf. part II of this report).

4. COASTAL AREAS: VERY HIGH COSTS INDUCED BY EXTREME EVENTS

The major problem faced by coastal areas, in relation to climate change, is the rise in sea level.
However, on this aspect too, anticipations differ according to climate scenario and region. On
average, the economic estimates rest on the assumption that the rise in sea level in 2100 will range
between 0.5 centimetres and 1 meter. In order to have a vision closer to reality, the extreme events
should be added to this phenomenon which will intensify in these areas in the years to come (storms
and floods, in particular), as well as take into consideration the possible protection systems set up by
the countries. Besides, the estimates vary according to the population density and economic activity
of the coastal areas considered in the study. The results are, therefore, closely dependent on the
analytical framework and the assumptions selected. However, there emerges from these studies a
point of convergence concerning the linear and increasing relation between climate change and the
costs incurred by coastal areas.

4.1. Specificities of the economic analyses

The early studies were essentially dedicated to the situation of the United States. This is why their
results are regularly taken up and adapted to the other areas of the world (Nordhaus and al., 2000,
Mendelson and al., 2000; Tol, 2002b).

To estimate these impacts, indicators may be of various types. The procedures range from adopting
an approach in terms of “population at risk” (Frankhauser, 1995), or rather an approach according
to capital losses.

Mendelson and al. (2000) opt for considering the coastal area, in kilometres, for each country
according to the average value of the land, based on a study concerning the United States. Indeed,
according to the area and quality of the land, this value can vary widely. Useful farm space has a far
higher value than that of arid land, for instance. Taking into consideration this diversity requires,
however, a focus on a given area. In order to address this problem, within the framework of a global
study, Tol (2002) distinguishes between the loss of arid and of humid land for an 1 meter rise in sea
level based on an extrapolation of the results obtained within the framework of the studies dedicated
to OECD countries. The average value per square kilometre is 4 and 5 million US dollars according
to land type, respectively. The value of dry land is assumed to be linear in density of income, i.e. in
US dollar per square kilometre; and the value of humid land follows a logistic trend according to per
capita income. Water rise thus generates movements of the population which vary according to the
population density of the zone and land loss, particularly in wetlands. Besides, the author considers
the additional cost of protection of coastal areas in order to assess the need for action. This
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parameter can have a significant influence on the results in the sense that protected areas will incur
lower costs than other areas. Only the adverse impacts of extreme events are not considered.

Lastly, this impact may be measured via an evaluation of persons’ willing to pay to prevent climate
change. Following this logic, Nordhaus and al. (2000) estimate as 0.1% of income the average
persons willing to pay of in the United States to avoid a 2.5° temperature rise, taking into
consideration the probability of extreme events which differs according to the activity on the coasts
(i.e., within the 10 km area along the sea). The value of the coasts increases with the income
(elasticity with respect to income is of 0.2).

4.2. Coastal areas in the Southern Mediterranean

The impact of climate change on coastal areas will induce very high costs for the Mediterranean
region. This is due to the fact that a large majority of the population and of economic activity is
concentrated in the major cities on the coastline within a close radius (Plan Bleu, 2007¢).

Indeed, among the coastal cities, there are many capitals (Tunis, Algiers, Tel-Aviv, and Beirut) and,
further south, Cairo and Rabat, which are, for the most part, key activities centres. This
phenomenon is set to be exacerbated in the coming years due to a high demographic growth, as we
have seen, and because of a significant rural migration which will intensify in view of the increasing
difficulties of the agricultural sector that linked to climate change. Thus, assuming that the coastal
population growth rate in the Southern Mediterranean were to stand at 1.4% per year, the cities
would count 90 million inhabitants by 2025 (Plan Bleu, 2005) to which are added about as many
tourists according to the seasons. This region will, therefore, be particularly vulnerable to climate
change. Nicholls and al. (1999) estimate that 90% of the people for whom flood risks are highest are
located in the regions of South and East Asia and of the Southern and Eastern Mediterranean.

Fixed capital losses will also be particularly high, because several transport infrastructures are located
within the 10 km coastline area (roads, ports ... ) in order to meet the increasing needs of both
inhabitants and tourists, together with tourist facilities (marinas, restaurants ...), factories
(desalination, refineries, for instance) and heavy infrastructures. Besides, protection measures are
quite limited and insufficient to mitigate the negative impacts of extreme climate change.
Considerable effort still needs to be made in this respect.

4.3. Anticipated costs for the Southern Mediterranean Countries
(SMCs)

Thus, even though the studies do not consider the whole range of these parameters, they all
converge in highlighting the huge costs of climate change incurred by the coastal areas of the
Southern Mediterranean.

As we have seen, the study of Mendelson and al. (2000) yields quite optimistic results because only
the impact on the market sector is included in the analysis. Albeit, according to the reduced-form
model, the losses for the coastal areas induced by an average climate change of 2° are estimated as 4
billion US dollars in the Middle East.

It is difficult to evaluate this impact in the Mediterranean region through the study of Nordhaus and
al. (2000), because their estimations are reckoned according to a "coastal zone index" which
represents the part of the area located within 10 km of the coast. However,they decompose their
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study by continent and not by zone, which necessarily reduces the relative proportion of coastal
areas with respect to our analysis zone. Thus, for Africa, the losses are estimated as 0.02% of GDP
and, for Eastern Europe, as 0.01% based on the scenario which anticipates a 2.5° temperature rise.

Tol (2002b) offers the most precise analysis. As a first step, he estimates the level of protection of
the areas. Then, he evaluates the losses of humid and dry spaces in terms of surface area and
monetary unit. Finally, he measures the impacts on the movement of population. It appears that the
levels of protection of coastal areas in Africa and in the Middle East are quite low, about 0.89% and
0.30%, respectively, which induces a loss of surface area, following a 1 metre rise of sea level,
amounting to 15 400 km? and 600 km? of dry land for Africa and the Middle East and 30800 km? of
humid land for Africa. That corresponds to a cost of 6.16 billion US dollars, 0.3 billion US dollars
for arid land, and 12.32 billion US dollars for wetland. The impacts on the population will be
catastrophic and there will be 2.74 million immigrants in Africa and 0.05 million in the Middle East
by 2200. The costs of the action in order to limit the losses would be of 92 billion US dollars for
Africa and 5 billion US dollars for the Middle East, hence the difficulty of implementing adaptation
measures based on the construction of protection infrastructures.

Several additional impacts are not included in these analyses, which implies that the results are
underestimated. These involve in particular impacts on the non-market sector. The sad examples of
the tsunamis or cyclones in Indonesia or in the United States have shown that in extreme cases,
impacts on the population are catastrophic. The number of deaths reaches very high levels at the
time of the catastrophe and the deteriorated sanitary conditions can give rise to outbreaks of
epidemics. Moreover, the variation of water level and extreme events will induce a significant
degradation of the ecosystems. Lastly, the destruction of coastal infrastructures will reduce the
attractiveness of the zone for tourism, a sector whose economic weight is dominant in certain
regions.

5. TOURISM: A KEY ECONOMIC ACTIVITY DEPENDENT ON THE CLIMATE

Few studies analyse the impact of climate change on tourism. They focus mainly on the link between
distance and tourist zone, the identification of the reference destinations... However, the climate
plays a major role in the choice of persons’ holiday location and remains the third determining factor
for tourists (Lohmann and al., 1999). Are regarded as tourists, according to the definition of the
WTO (2003), people who sleep between one and 364 nights away from home, knowing that in the
case of international tourism the persons need to have crossed the borders of their country. It is,
nevertheless, necessary to exclude from this sample the travels made for purposes of work, studies
or health care (Hamilton and al., 2005). It is important to consider at the same time the supply and
demand, for regions are in competition to attract the most well off tourists, and people seek the
destination that best meets their expectations (Hamilton and al., 2005).

5.1. Tourism in the Southern Mediterranean

This activity has a significant weight in the total income of most of the economies of the
Mediterranean region. Indeed, this sector has reported a growth in the range of 3 to 4% per year on
average in the past few years. The region now receives about a third of international tourism,
coming mainly from Northern Europe. The most attractive countries are Turkey, Egypt, Morocco
and Tunisia. These regions claimed 36.1%, 16.3%, 12.07% and 9.9%, respectively, of the total
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number of tourists coming from the country (national) or from outside it (international) in 2000.
National and international tourism are expected to grow threefold by 2025 in this zone, the share of
each of the countries remaining constant. Indeed, the region knows much sunshine and a rich
cultural heritage which attracts a large number of people in the summer season, as well as in spring
and autumn. This, accordingly, helps the country to develop and operate reception facilities (hotels,
restaurants...), which is advantageous for growth; besides, international tourism is a major source of
foreign currency reserves.

However, this sector is particularly vulnerable to climate change as the region already experiences
high temperatures and a lack of water resources, especially in the summer season. Moreover, most
of the tourist activities are concentrated in the coastal cities which are prone, as we have seen, to
experiencing major problems due to sea level rise and intensification of extreme events (in Tunisia,
for example, 90% of the tourism activity is concentrated on the coasts (UNEPb, 2007)).

Diagram 2 - Southern Mediterranean inbound tourist flows (in millions)

Source : Travel Research International from World Tourism Organization data (2003)

5.1.1. Specificities of the economic analyses

The relation between tourism and climate change is, initially, increasing. This is due to the fact that,
although the destinations vary according to people, their culture, their age and various other
parameters, on the whole people are much attracted by hot areas. However, beyond a certain
average temperature, this relation stagnates then decreases, low latitude areas having become too
much exposed to global warming and altitude areas suffering from lack of snowing for winter sports
(Hamilton and al., 2005). The relation between tourism and climate change is quadratic. For
Hamilton and al. (2005), curve reversal point corresponds to an annual average temperature, over 24
hours, of 14° in the case of international tourism and 18° for domestic tourism. The same applies to
outdoor recreation. The practice of sport, for instance, is no longer possible beyond a certain
threshold (Nordhaus and al., 2000).

According to a more detailed vision, the impacts of climate change on tourism can be of four types
(UNEPbD, 2007). Thus, although direct impacts seem to dominate, certain indirect impacts can
influence the choice of the tourism destinations of people. The main impact is related to
temperature rises, reduction of rainfall and increase of risks related to extreme events. However, the
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change of the overall environment plays a significant role, with in particular the more acute
problems related to water resources, to an increasingly high pollution level in the cities, to epidemics,
as well as to a modification of coastal landscapes due to a rise in sea level. The implementation of
regulation policies in the Northern countries, may, in addition, disrupt transport (air traffic, in
particular). Lastly, the country’s development level, itself being highly dependent on the future
variation of the climate, will be an element taken into account by tourists in matter of offer of
services and comfort, for example.

The studies which link these two phenomena follow different logics. The approach consists either in
anticipating the variations in terms of offer of services related to tourism, or in estimating the future
expenditure of tourists according to various destinations, or still in considering the destinations of
people according to their forecasts concerning the future climate, or finally in analysing the
evolution of demand on recreation according to climate change (ski, beach ...). Indeed, the indicators
used in the empirical literature often reconcile the tourism demand with the recreation demand,
while these two activities are not necessarily identical, by definition. Indeed, in the second case, the
approach consists in taking into consideration the number of hours dedicated to outdoor recreation
during people’s spare time. This period may be estimated on average as 2% of people’s spare time in
the United States (Nordhaus and al., 2000). According to this point of view, these activities are very
sensitive to climate change. The overwhelming majority of these studies are focused on Northern
countries.

5.1.2. Anticipated costs for the Southern Mediterranean Countries (SMCs)

The most comprehensive analyses on this topic focus mainly on international tourism. Of these, one
may mention the works of Amelung and al. (2004) which deal in particular with the supply side and
the potential tourism flows in various regions of the world (defined according to their latitude and
longitude). They emphasise the importance of temperature, rainfall, moisture and wind in the choice
of destinations. The analyses point out shifts in behaviour on the part of tourists in lower latitude
areas. After having favoured the summer period, people go to the countries of the South in spring
and autumn, then in winter. In the long run, their preferences tend towards destinations further
north and in altitude where the environment is more hospitable. It may be deduced from this, then,
that in the Mediterranean countries, tourist flows will initially intensify in autumn and in spring and
will be reduced in the summer. Afterwards, tourists will prefer the winter season. If the
phenomenon of global warming becomes more acute, tourism in this region will decrease gradually.
The loss of earnings in terms of economic resources will then be quite high.

In a more recent study, Hamilton and al. (2005) confirm these conclusions using a dedicated model
(Hamburg Tourism Model — HTM) based on 206 countries and various scenarios of economic and
population growth. Following a rise in temperature, people living in temperate zones will prefer
domestic tourism over international tourism, thus reversing the current trend. This is due, in the first
place, to a phenomenon of saturation of international tourism due to a reduction of growth. It is
largely amplified by the future climate. The Mediterranean region will report a reduction by 10 to 25
% in the number of international tourists by 2025, while becoming one of the major departure
zones. Thus, the cost for the counttries of Africa in this field will be not less than -0.25% of GDP
following a temperature rise by 2.5° (Nordhaus and al., 2000). The countries of Eastern Europe,
located further north and being of a less important tourism calling, will be less affected.

The tourism sector interacts with the majority of the other sectors of the economy. Thus, the impact
of climate change on tourism in the Mediterranean will translate, initially, into an increase in energy
use (for air-conditioning, in particular) and an acceleration of the depletion of water resources, in the
summer season. Over the longer term, however, it will be conditioned by the impacts of the climate
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on coastal cities, transport and the ecosystem. Indeed, although the economic studies scarcely
include the non-market sector, its role remains fundamental.
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6. THE NON-MARKET SECTOR: A SIGNIFICANT PART OF TOTAL COSTS

One major weakness of the climate change impact assessment studies arises from the under-
estimation of the results, due to insufficient consideration of the non-market sector and of its
interactions with the other sectors of the economy. This phenomenon is mainly related to the
difficulty of evaluating, in monetary unit, the adverse impacts of climate change on environment and
health.

6.1. Natural ecosystem

The impacts of climate change on the environment are often irreversible and result in a destruction
of the interdependences of the natural ecosystem. In the Mediterranean region, the ecosystem is
quite vulnerable, and the anticipated risks are an increase in desertification and a degradation of the
environment close to the coasts (80% of the arid or dry areas are liable to experience desertification
in the Southern and Eastern Mediterranean (Plan Bleu, 2005)). However, evaluating changes in the
ecosystem remains very complex. It is not possible to distinguish the impacts according to each
species because some are more resistant with a better capacity of adaptation, others will migrate in
areas where the climate is more favourable to them, or will become extinct... Then, the estimates
suffer from a considerable uncertainty.

6.1.1. Specificities of the economic analyses

The qualitative studies represent an appreciable step in this direction, but they remain targeted and
are not easily amenable for use within the framework of evaluating the economic impacts of climate
change.

One solution consists in evaluating the current services offered by the ecosystem thanks to natural
resources, via regulation and within the framework of outdoor activities which will disappear in the
wake of climate change. These include food, water, wood, fossil energies; absorption of GHG which
slows down climate change; water purification; and, finally, the environment for recreation activities;
the attractiveness of the zone thanks to the beauty of the landscapes... In this regard, it is necessary
to consider the changes in distribution of vegetation and its productivity, using a dynamic model
(White and al., 1999). Certain services can be easily measured in monetary unit. This is the case, for
instance, of the price of wood, fishery and fossil energies, according to the quantities on the market.
But it is insufficient to consider only these resources

This is why, within the framework of the economic approaches, the value of the ecosystem is
calculated according to people’s willing to pay to avoid that the temperatures should reach a certain
level and limit the total supply of services offered by the environment. It varies according to the
countries’ economic development level. It increases with the income. The disparities in wealth
between the countries must, therefore, be included in the estimates, and in particular in the case of
an extrapolation of the studies dedicated to the United States (Nordhaus and al., 2000). Moreover, it
is necessary to weight the results according to the surface area concerned and the vulnerability of the
natural system, taking into consideration the fact that certain hot and dry areas are already very
sensitive. This value is around 50$ per capita in the OECD countries for Tol (2002b).
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Besides a distinction by country, it is more precise to distribute people’s willingness to pay according
to latitude, in view of the ecosystem of the region and the probability to tend in future towards an
environment closer to that which is currently further south (Fleischer and al., 2007). It seems
relevant to relate the locations of the various animal and plant species in view of climate distribution.
According to future climate anticipations, it is then possible to foresee how the ecosystem in the
various regions zones of the world will be like (Halpin, 1997).

The relation between the ecosystem and climate change is difficult to evaluate and is not the same in
all regions. However, one assumption commonly adopted is that, to a certain extent, this relation is
parabolic. That is to say, initially, the additional carbon dioxide concentration in the atmosphere may
have a beneficial effect on the ecosystem. But this phase is quite short and the harmful effects of a
temperature rise (accompanied by an increase in evapotranspiration) and a reduction in rainfall will
very soon come to counterbalance this trend (Hitz and al,, 2004). This will give rise to an
exponential relation between temperature rise and loss of biodiversity. In the Mediterranean, already,
more and more plant species are regarded as rare or endangered. The degradation of the ecosystem
is thus likely to accelerate in the coming years to become catastrophic.

As regards the particular case of the forest and of climate change, it is important to anticipate an
increase in extreme events such as large-scale fires, in view of the frequency and the length of
drought periods. This impact is often regarded as linear with respect to the global average
temperature rise. It should be noted, however, that this sector has a negligible weight in the
Southern Mediterranean countries as the forestation rate stands at a mere 4.7% in the region (Plan
Bleu, 2005).

6.1.2. Anticipated costs for the Southern Mediterranean Countries (SMCs)

The different analyses highlight the negative impacts of the climate on the ecosystem. The hotter the
environment gets, the higher the change in biodiversity (Halpin, 1997). This phenomenon is due to
the fact that though certain species may be highly resistant, they will not be able to withstand a too
significant rise in temperature. Moreover, considerable climate change limits their adaptation
capacity (Hitz and al., 2004). Further north in the Mediterranean, where the winters are the wettest
(mean rainfall is about 780 mm and average temperature is of 18.1°), biomass is greater and
vegetation is richer and denser (total biomass is estimated as 19.1 tons per hectare). For a rise in
temperature of 2°, some 15 to 40% of the species will be endangered (Stern, 2006). Climate change
tends to largely transform this environment into more arid areas following a reduction in rainfall
(ranging between 90 and 300 mm) and a warming of mean temperatures (likely to reach 19.1°). Total
biomass is then reduced to 2.8 — 6.1 tons per hectare according to the extent of climate change
(Fleischer and al., 2007). This highlights the vulnerability of the environment in the Mediterranean
to low climate variations.

Current losses of species, ecosystem and landscape amount to 0.25% of world GDP. Estimates
show that they will double up by 2200; the loss of well-being is likely to reach 1% of GDP for this
same time frame (Tol, 2002b). It will be of 0.10% in Africa and Eastern Europe following a
temperature rise of 2.5° (Nordhaus and al., 2000).

People’s willingness to pay is quite significant in the lower latitudes, in high-income regions. In order
to maintain the vegetation to a same level, people - in Israel - are will to pay 2§ per ton of biomass
per lost hectare and 0.05$ per year for a millimetre of rainfall. In sum, the population agrees to pay
about 100 million US dollars per year to prevent that the wetter areas should become arid. This is a
cost much higher than the services rendered by the land in terms of cattle feed (estimated as 20000
US dollars on average), as the populations seem to attach much importance to the environment for
their recreation. However, these results must be considered largely in their relative value with regard
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to the other countries of the region, and this, insofar as they remain quite dependent on the level of
the country’s income and of GDP per capita. Thus, in certain areas, it is more likely that people’s
willingness to pay might be lower than or equal to the services rendered by the land.

Photograph 1 Photograph 2
Wet Mediterranean landscape Arid Mediterranean landscape

Source. Fleischer et Sternberg (2007)

With regard to the sea, the temperature rise will result in a decrease in productivity of the marine
ecosystem that is especially marked in the lower latitude areas. Thus, within an 80-year time period,
the production and exportation of sea products will drop by 20% in the Southern Mediterranean
(Bopp and al., 2001).

The reaction of the forest would obtain on the longer term, if one were to ignore the increasing fire
hazards. Indeed, the consequences of forest fires in human and material losses are considerable
(approximately 150 euros per hectare and per year (Plan Bleu, 2005)). For a temperature rise of 1°,
the impacts in the countries of Africa and the Middle East are nil (Tol, 2002b). Consequently, in the
years to come, it is possible to report an increase in wood supply (Hitz and al., 2004). However, in
the long term, the total costs will reach 0.003% of GDP by 2100 and 0.06% of GDP by 2200.

The changes in the ecosystem induced by a rise in temperature will have adverse impacts both on
the population and the economy. By offering fewer services, in particular food (reduction in
resources, fishery and soil quality), the changes will cause the poorest people, the vulnerable
categories, to suffer from famines. In addition, the depletion of energy resources will result in an
increasing dependence of Mediterranean countries vis-a-vis the rest of the world. Lastly,
environment degradation will reduce the attractiveness of certain zones that will suffer losses
because of a reduction in tourism. This deterioration of the ecosystem will be all the more significant
as pollution is intensified, as demographic growth rises steadily and as the needs in infrastructure
increase.

6.2. Health

6.2.1. Health related problems in the Southern Mediterranean

Global warming could generate a reduction in food resources in Mediterranean countries due to a
drop in agricultural production and a degradation of the ecosystem. The poorest categories of the
population will be faced with problems of malnutrition and famines which are contributing to the
development of epidemics. This phenomenon is made even more acute by the rarefaction of water
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resources, which induces a resort to non-potable water. One risk consists in the development of
fatal tropical diseases, of the malaria or yellow fever type, in the more temperate zones, following
global warming, as well as a proliferation of diseases that add to the vulnerability of young children
(diarrhoeas...).

Besides, the countries of the zone will report a large increase in their CO2 emissions in the coming
years, which in turn will increase the air pollution of the cities. Respiratory diseases will then
multiply, while a segment of the population will not have the financial means necessary to seek care.

Lastly, demographic growth and rural migration will swell the ranks of the urban population, while
the cities are not yet capable of offering sufficient basic infrastructures to meet the needs of the
people living in urban environment. Accordingly, there will be increasing health related problems
giving rise to a proliferation of diseases.

These impacts on health due to variations of the climate come to considerably increase the total cost
of climate change in Mediterranean countries. However, because of a lack of indicators allowing
measurement of these impacts, they are often not included in the economic analyses or are
integrated only partially. In this regard, the studies conducted on the case of the United States,
during the heat waves, can by no means account for the total impact via an extrapolation of the
implications - in particular in the countries of the south - of climate change for the population.

6.2.2. Specificities of the economic analyses

In the more precise general analyses on this subject, a distinction is made between the factors likely
to deteriorate people’s health and the means offered to these people to get care. While certain
persons will be more concerned with pollution (in the North and in the South), others will be more
liable to epidemics (in the South). Besides, according to the income of the country, access to health
care will not be the same. In this regard, most authors refer to the pioneer works of Murray and al.
(1996) (Nordhaus and al., 2000; Tol, 2002b). To calculate these impacts, it is possible to reason in
terms of loss of years of life. Separating the impacts of pollution from those of epidemics on health
allows for a specification of the impacts according to the countries. It thus emerges that the relation
between epidemics (malaria and yellow fever, in particular) and global warming is linear (Tol,
2002b). With regard to pollution, the cardiovascular diseases, which result from it, affect in
particular young children and old people and are concentrated in the cities. It is thus difficult to
establish a full relation between these two phenomena. Lastly, access to health care depends on
people’s income and seems to be linear with respect to their per capita income. Accordingly, persons
with an average income of over 3100 US dollars are not concerned by epidemics (Tol, 2002). These
relations apply in the countries of the Middle East but not in the regions of Africa where the
mortality rate is particularly high.

6.2.3. Anticipated costs for the Southern Mediterranean Countries (SMCs)

Nordhaus and al. (2000) estimate that, of the total years of life lost, 11.76% are due to the climate in
Africa for an average regional temperature of 25°; the estimate is 0.97% in the Middle East for an
average regional temperature of 18.9°. In both cases, pollution plays a major role, but the part due to
epidemics is particularly significant compared to the other regions of the world, except for Latin
America.

However, it is very difficult to assign a money value to a life. To translate these results into monetary
unit, one assumption would be to estimate that one year of life lost would correspond to two years
of per capita income (Nordhaus and al., 2000). The price of a life may also be evaluated as 200 times
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the per capita income (Tol, 2002b). Yet, when one considers total loss of well-being, the figures
expressed in monetary unit are low, since it is the poorest people who are the most concerned by
epidemics.

For a global warming of 1°, the additional deaths due to epidemics are about 57000 in Africa and of
155 in the Middle East per year. These figures are amplified by the effects of pollution claiming 1820
additional deaths in Africa and 890 in the Middle East per year, for a temperature rise by 1° (Tol,
2002b).

Following a temperatute rise by 2.5° the costs in terms of health (loss of years of life) will be, on
average, 3 % of GDP in Africa and 0.02% in Eastern Europe (Nordhaus and al., 2000).

In the event of a temperature rise by 4°, over 80 million people will be exposed to epidemics in
Africa (Stern, 2000).

Climate change will thus have a direct impact on people’s health, but which will be more or less
significant according to the region and the vulnerability of persons in terms of income, in particular.
Besides being a problem connected with resistance to heat, the increase in epidemics and pollution
will be a consequence of the adverse impact of climate change on agriculture, the ecosystem,
urbanization and energy. In addition to the significant cost in terms of lives lost, the economic cost
will also result from the loss of attractiveness of these areas with regard to tourism. The interactions
between the sectors will, therefore, only increase the future total cost due to the climate, for the
region.

7. CONCLUSION: REDUCTION OF WATER RESOURCES AS MAJOR VECTOR
OF ECONOMIC COSTS IN EACH OF THE SECTORS

7.1. Quite high costs for the Southern and Eastern Mediterranean
Countries (SEMCs) ...

As a consequence of climate change, agricultural countries - and more particularly, economies
specialised in the growing of large-water consuming products - will be the most affected. This is
especially the case of Syria and, to a lesser extent, Morocco, Egypt and Turkey in our sample.

Also, in addition to the rise in temperatures and the depletion of water resources, the development
of all the countries of our analysis, which are entering a phase of intensive industrialization of their
economy, will generate a soaring demand on energy. This phenomenon is taking place at a time
when the natural reserves are on the decrease and when carbon-intensive productions, which
represent a majority in the zone, increasingly suffer from their bad reputation. The basic
infrastructures and power production will be negatively affected. The high energy demand periods
will increasingly coincide with the most constraining periods for production: the summer season,
and during the extreme events of the heat wave type. Following population growth, the coastal cities
will receive an additional number of people, while their vulnerability will increase due to sea level
rises and extreme events.

Tourism is a major financial resource for the countries, but it will contribute in the rise of energy
and water needs in coastal cities, in a first phase. Afterwards, it is likely to diminish in the following
years because of temperatures that are too high, thus impoverishing the countries in foreign
currency.
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Lastly, the environment and the poorest populations, already made more vulnerable, will experience
a worsening situation. Climate change will increase the loss of ecosystem and the proliferation of
epidemics, especially in the regions further south, inducing catastrophic losses for the people, the
environment and the economy in all the countries of the region and exacerbating the development
and income disparities between the countries of the Northern rim and those of the Southern rim of
the Mediterranean.

7.2. ... which are perhaps under-estimated and which result from a
reduction in water resources

These scarcely optimistic visions about the future, following climate change, are a synthesis of recent
global empirical works® and of research dedicated to the Mediterranean region. They often appear
to be incomplete and not easily comparable. However, they all converge to affirming that the costs
of climate change for the Mediterranean will be quite considerable if no measure is taken.

Yet, it seems that these studies could under-evaluate the anticipated costs insofar as they do not take
into consideration the effects of the interaction between the sectors.

The following summary diagram illustrates the possible interactions between the various sectors of
the economy following the impacts of climate change. One notices that the reduction in water
resources in the Mediterranean is a cross-section problem, which will affect all the sectors of the
economy.

The table, which accompanies it, highlights the under-evaluation of the economic impacts when the
authors consider only the direct effects on each sector of the economy without taking into
consideration the interactions between these sectors. The columns give the main sectors of the
economy that undergo the direct impacts of climate change. The lines give the possible
repercussions of this initial shock for the other sectors of the country.

22 Cf. summary table of Appendix 2.
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Table 6 - Interactions between the various market and non-market sectors of the economy following climate change in the
Mediterranean
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7.3. How to respond to the costs of climate change?

It is advisable to consider the results above in their relative dimension, insofar as they derive from
studies that do not integrate, for the major part, the possibility of reduction of the costs of climate
change based on adaptation measures. The results of these analyses may, therefore, be interpreted as
being the likely costs of the “business as usual” scenario and be qualified as the “cost of non-
action”.

Indeed, in view of the expected impacts of climate change, and in order to limit the costs, two types
of strategy may coexist: (i) prevention, by reducing GHG emissions and/or storing them in order to
participate in the effort of slowing down climate change and (ii) adaptation to the reality of climate
change by anticipating the impacts that the latter will inevitably exert on one’s development.

Today, the Southern and Eastern Mediterranean Countries (SEMCs) are low GHG emitting
countries (2 to 3% of the world total), and 70% of the Mediterranean emissions originate from the
Northern rim. Accordingly, the policies of immediate GHG reduction are, in the region, the main
concern of the countries of the Northern rim, which have targets under the Kyoto Protocol.

Given the huge amounts related to the probable costs of non-action in the SEMCs, such as
previously identified, it seems much more strategic economically for them to systematically
anticipate the environmental risks in the development patterns to come in order to minimise the
costs of climate change.

However, trend projections show that, within 20 years, the SEMCs will emit as much CO2 as the
countries of the Northern rim. Thus, within the framework of the adaptation policies, it is advisable
to start integrating, as of now, the most ‘cost effective’ options.

The following part analyses the results of the economic literature on adaptation to climate change in
the Mediterranean.
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Ill. ADAPTATION TO CLIMATE CHANGE: A NECESSITY FOR
MEDITERRANEAN COUNTRIES, BUT INSUFFICIENT
QUANTIFICATION

Since one is interested in the response of the countries vis-a-vis climate change, one must set the
scope of the analysis in a precise way. For so doing, it is important to distinguish between the two
possible responses of the countries, which are: adaptation to climate change and ‘mitigation’ of it.

In both cases, the objective is to minimize the costs related to the climate. The difference between
these two options is that the effects of adaptation are more targeted and will be felt rather rapidly.
On the other hand, the more general benefits of mitigation can be identified from a hundred years
onwards (Stern, 2000). They are, however, complementary in allowing, at the same time, risk
management in the short term and a reduction of GHG emissions in the long term. The relative
importance of either of them varies according to the situation of the countries (Stern, 2006). Broadly
speaking, developed countries seem to be more concerned by pollution reduction measures than
emerging countries, for which priority lies in prompt action in order to limit the catastrophic
consequences of climate change in the decades to come. However, the richest countries have the
means of resorting more easily than developing countries to adaptation measures (access to new
technologies, institutional environment, infrastructure, specialization of the production...).

In view of the extent of the costs in the short term for the SEMCs, such as highlighted above, our
focus in this chapter will be on the former option, i.e. adaptation.

1. FORMS AND ACTIONS

1.1. Theoretical forms of adaptation

"Adaptation" can take, from a theoretical point of view, various forms that may be complementary
or substitutable (Frankhauser and al., 1999):

Firstly, it can be a preventive or a reactive (‘corrective’) solution. The former is recommended when
the anticipated costs are high, putting at risk whole sectors of the economy. The latter allows a
compensation of the one-off and specific impacts of a shock, following the impact. The adoption of
preventive measures depends on the net balance between the cost of non-action and the cost of
action. The latter varies according to the exposure of the country to the climate and, hence, the
extent of the reforms necessary to be implemented. In the industrialized countries, the sectors with a
massive use of energy are the most concerned. In emerging countries, agriculture is added to the
latter sectots.

Secondly, it is possible that it may be self-driven or planned. Whereas the former option follows
naturally the changes in the environment (of which, in particular, the evolution of the ecosystem),
the latter implies an exogenous intervention by an agent. The latter is either public or private. In the
former case, decisions are taken by the government (on a national or international scale); in the latter
case, they are taken by individual persons or by companies.
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In general, natural system adaptations are reactive, since they occur at the same time with, or
immediately follow upon, the climate change. Public adaptation may be preventive (development of
infrastructures) and reactive (management of extreme events). Similarly, private adaptation may
obtain ecither via a reform of the production system and the taking of insurance, or via a prompt
reaction to finance the damage (Klein, 2001).

In order to assess the efficiency of the adaptation actions implemented, the potential impacts,
without any adaptation option, may be compared with the residual impacts, following the adoption
of various measures leading to a reduction of the vulnerability of the countries to climate change (cf.
Graph 6 below) (Klein, 2001). Looking for effective measures is a crucial point for the countries in
order to optimise their action. The objective is to maximize the net benefit, i.e. the gross profit from
which the adaptation cost is deducted (Stern, 2000) (cf. Graph 7 further down).
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In any case, the countries seek to confer flexibility on their economy so that it prevents or mitigates
efficiently this exogenous variability. More concretely, certain activities - the less CO2 emitting ones
- must be given priority order, compared with others that are more polluting and more vulnerable to
the climate. Similarly, the adoption of new technologies -more energy saving - must be granted
priority, even though their cost is initially higher.

In fine, given the uncertainties, the countries seek to implement policies whose effects they will not
regret later (‘no-regrets policies’), i.e. those which will provide net social benefits, even though
climate variability is different from that which was anticipated and is not necessarily due to
anthropogenic action (IPCC, 2001). For this purpose, information must be transparent; for one of
the major problems encountered by decision makers (politicians, company managers) is connected
with the uncertainty as to real evolution of the climate, the possible implementation of regulation
policies and future behaviour of the population. The occurrence and extent of extreme events are
most difficult to anticipate. This is why they require not only ex-ante preventive measures, but also
ex-post corrective measures.
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Graph 7 - Benefits of adaptation
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1.2. Adaptation actions from a concrete point of view

Adaptation covers a complex range of actions. There is no single and general policy to be
implemented by the countries in order to address the problem of climate change. Countries are
unequal vis-a-vis climate variability and its consequences. All depends on the country considered,
the sector under threat and the period selected (Stern, 2006). According to the economies, their
development level, their specialization, their natural resources and the reaction of producers and
consumers, the constraints will not be the same. The effectiveness and the cost of adaptation thus
depend on the countries’ level of awareness as regards global warming, their responsiveness to the
need to opt for preventive measures and their adaptation capacity. For certain countries, it will be
necessary to completely shift part of their production, the one most vulnerable to the climate, in
order to minimise future costs. This will require a long period and heavy investments. For others, all
that is needed is to make some effort in matter of energy efficiency, in particular, which will imply
nothing more than a change of production process, and can be done in the short term.

The studies reviewed concur that the countries of the Southern Mediterranean must adapt more
promptly than other regions of the world, since they are among those which will be most rapidly
affected by climate change. In most cases, it is probable that the cost of action be lower than that of
non-action. The necessary reforms involve all sectors of the economy. This consists, particularly, in
pursuing goals that are compatible with sustainable development. As a matter of priority, the
objective would be to reduce the sensitivity of the countries’ agriculture. Then, seeking energy
efficiency will be an essential objective to pursue, so that the countries can maintain and extend their
position on international markets. For doing so, the countries will have to diversify their economic
activities, so as to be more flexible and to diversify the risks. The institutional environment must be
favourable to these reforms. Besides, the modernization of their production processes will require
promoting access to education, in order to train the workers. Moreover, in order to mitigate the
future impacts of extreme events, it will be of paramount importance to provide for the
management of such crises. An immediate action will be organized and will have to be reinforced via
improving access to the health care system. Lastly, in order to mitigate the global impacts, it will be
important to act as promptly as possible in order to limit the most exposed portion of the
population. Yet, as we shall see, the economic studies on the Mediterranean that highlight, in a quite
specified manner, the reduction of the costs of climate change (avoided damage) via the adoption of
adaptation measures, are rare. Furthermore, and even though sector-based economic studies do not
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necessarily show it, large-scale actions will be necessary with regard to the water issue. In order to
remedy this deficiency, and in view of its extreme importance for the region, elements derived from
the "engineer" type approach will be included in this part. We shall focus on the sectors most
vulnerable to climate change (agticulture, energy/industry, water and coastal areas). This point will
form the subject of the first two sections of this chapter.

In view of the fact that the Mediterranean countries do not have sufficient resources to finance the
heavy investments necessary to reduce their vulnerability to climate change, it is important to
consider the alternative solutions enabling these countries to opt for preventive measures. Several
possibilities are offered to them, though - in any case - looking for effectiveness in the identification
of priority projects must be granted priority. This topic will be very briefly addressed in the third and
last section which will put forward some of the options that may be considered.

2. SHIFTING AGRICULTURAL PRODUCTION

The adaptation of the agricultural sector is a priority for the countries, in particular for those whose
relative weight of agricultural production remains significant compared to the other areas of the
economy. The aspect of food security of the countries makes of agriculture a strategic sector and, as
we have seen, this sector ensures the subsistence of the most vulnerable populations. It provides
them both with work and food (on average, 34% of the population in the Southern Mediterranean
work in this sector). Accordingly, a reduction in crops can have catastrophic impacts in terms of
famine, epidemics, etc... Indeed, although 70% of the poorest population live in rural areas in the
MENA (Middle East — North Africa) countries, agriculture already meets the needs of only 43% of
the population concentrated in this region (World Bank, 2005). Moreover, this sector is the largest
water user.

In this region, the adaptation measures selected must necessarily belong in a process of sustainable
development. For this purpose, they need to be in line with the Millennium Development Goals
(MDGs) and, hence, provide not only an additional benefit for the farmers (exporters, in particular),
but also a reduction of poverty, famine and malnutrition, which foster serious intestinal diseases; for
it is obvious that climate change will have an adverse impact which, in the absence of any action, will
exacerbate the already existing problems (Downing and al., 1997).

The adaptation of this sector can take several years. It is estimated that 3 to 10 years, on average, are
necessary for the farming of new land and resorting to new varieties. It is also estimated that
between 50 and 100 years are necessary for heavy investments: change of infrastructures and shifting
production to new crops (Reilly, 1997). Consequently, the countries must respond as of now
according to the forecasts of the future climate. In this regard, various options are offered to them.
They are at the same time general and targeted according to the regions and the crops, and they vary
according to the period selected.

In the short and medium term, the countries’ possibilities of adaptation require a shift of certain
crops and a change of the production processes in order to cope with climate variability and meet
the increasing needs of the population. It is worth pointing out that the Ricardian method can
introduce this factor (Mendelson and al., 2000; Kurukulasuriya and al., 2003). The latter takes into
consideration the fact that the farmers seek to maximize their profits - and, hence, their yield - and,
for this purpose, use alternative methods or substitute certain crops for others. To evaluate the cost
of the action, the approach is to compare several balances of the economy before and after
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adaptation by the farmers to the climate variability (Kurukulasuriya and al., 2003)*. More generally,
adaptation is one of the components of the integrated assessment models (IAM), but which do not
normally distinguish between the costs and benefits assigned to it (Stern, 2000).

Yet, these individual initiatives are not sufficient, on the whole, and need to be accompanied by
policies of a more drastic readjustment. In the long term, the task would be to consider a significant
reduction of the share granted to the agricultural sector in favour of other economic activities.

2.1. In the short and medium term

As regards the countries’ response in the short term, it must be focused on the key issue, which is
the reduction of the water resources, an aspect that is more or less marked according to the regions.
To evaluate the actions to be granted priority, the task would be, first of all, to differentiate the
impacts according to the areas and to land quality. The adverse impacts on irrigated crops will be felt
only in the longer term as compared with the negative impacts on the more arid land and on the
cattle (Kurukulasuriya and al., 2003). This is why it is possible to promote their yield in the years to
come to compensate for the losses in the other crop types. This gain in productivity requires, as a
prerequisite, investments to facilitate irrigation, tools and varieties of seeds, which will be more
resistant to the future climate conditions (i.e., whose water needs are lower and whose vulnerability
to temperature rises is little).

Moreover, the crop calendar will have to be drawn up according to the future seasonal variability in
order to optimise the growth of the crops and to reduce the losses. In addition, all crops will be
selected according to soil features: irrigated crops will be abandoned in areas becoming more arid

and will be developed in the wetter areas. Besides, high-water consuming crops will have to be
limited (Rousset and al., 2003).

The farmers will not be able to launch in such reforms of their own initiative only. Their reactions
are likely to be insufficient, and too belated. In addition, their means are too inadequate to assume
such investments. Consequently, the role of the public sector is crucial both in disseminating the
information and directing the measures to be taken so that they are the most efficient possible, as
well as in bearing the most significant costs in terms of infrastructures (Challinor and al., 2007). The
first step would be to build awareness among farmers to the problem of climate change, then to
persuade them of the effectiveness of these measures and financially assist them to acquire the
necessary capital ... This requires, first, building the country’s capacity in terms of scientific research,
both in the meteorological and the agronomic fields. It is fundamental that the country should be
able to anticipate climate variability and the reaction of the crops - while considering a margin of
error related to uncertainty - to choose, among the options offered to it, whichever is needed to
adapt the agricultural production. An investment at this stage should not thus be neglected. Lastly,
the management of extreme events must be ensured, for the major part, the public sector whose
objective would be, in the first place, to minimise the share of the economy and of the population
vulnerable to this type of events and, thereafter, to mitigate the financial damage and the impacts on
people’s health based on an immediate and effective action.

2 One must be cautious when interpreting the results, as this modelling does not allow, though, a consideration of the costs of transition from
one situation to another (Kurukulasuriya and al., 2003).
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2.2. Adaptation of the agricultural sector directly related to the
problem of rarefaction of water resources

Apart from the actions focused exclusively on the agricultural sector, other solutions must be
adopted in order to meet the crop water needs (Rousset et al, 2003, Plan Bleu, 2007b). The major
difficulty they give rise to, however, is - besides the implementation costs, which may be rapidly
amortised - the time it takes these measures to become operational, while the needs are already felt
and will increase significantly in the years to come. The options may be classified as follows:

e In the medium term, one option may be to develop the water desalination techniques. One
should bear in mind, however, that this involves not only a significant fixed cost during the
construction of the plants - knowing that this cost will be increased by the installation of
infrastructures for water conveyance to the land -, but also a variable cost, which is not negligible,
due to intensive energy use. This solution must then be coupled with investments in energy
production (construction of nuclear thermal power plants, for example). El-Fadel and al. (2001)
estimate this cost at 1.5 US dollars/m 3/day.

e - Another option requires the construction of barrages for water collection, and thus supplying
the crops throughout the year, even when rainfall becomes less frequent and in drought period.
However, in the Mediterranean, potential sites are very few and one of the disadvantages of
temperature rises is increased evaporation.

e In the very short term, priority should be granted to an optimal management of water resources
and demand. The objective is that all sectors of the economy become aware of this problem and
that each one seeks to limit and control its consumption. For this purpose, it may be envisioned
to have a fixed rate in order to elicit such behaviour.

e It may also be envisioned to promote the re-use of wastewater, which will be then treated then
redistributed in the agricultural and industrial sectors. However, the fixed costs incurred by this
type of option remain very high. Water savings would be quite significant, though. They would
amount, respectively, to 0.9 and 0.5 billion cubic metres per year for Algeria and Morocco, for
instance (Rousset and al., 2003).”* On global level, these costs are estimated as in the range of
3600 to 5700 US dollars on average, per hectare, in Sub-Saharan Africa, and vary according to the
regions (Kurukulasuriya and al., 2003).

The implementation of adaptation measures to address the problems of rarefaction of water
resources is all the more founded as it benefits all sectors of the economy.

2.3. A change of specialisation of the countries over the long term?

Over the long term, the costs of adaptation will be steadily on the increase with the impoverishment
of the region in water and the frequency of extreme events (drought periods). The efficiency of the
action adopted initially may then be revised in favour of another type of measures: gradual
abandonment of agriculture and a shifting of production and workers to sectors that are less
vulnerable to climate change and for which the country’s comparative advantage is dominant. It
would then be more interesting for the countries to buy abroad those agricultural goods which
would cost less than if they were produced. This strategy is all the more sound as agriculture is the
highest water-consuming sector (70% of the total consumption), that, over the long term, this
situation is likely to penalize the more productive activity sectors, and - above all - that it would

2 These points are developed in more detail in the third part of this report in the section on adaptation of the "water-energy" system.
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cause a depletion of the reserves intended for the needs of the population. The strong pressure on
the water resources could then be alleviated by importation of water-rich agricultural produce by the
economies of the Southern Mediterranean, which would also help ensure the food security of these
countries. Therein lies the principle of "virtual water" (Allan, 1993) exchange on international scale:
the most water-consuming crops being produced and exported by the countries with the highest
rainfall ("green water") and/or the largest quantity of groundwater ("blue watet") (Fernandez, 2007).

This evolution can follow naturally the process of climate change (Julia, 2005). Indeed, the
production costs of agricultural products will increase in certain countries and will decrease in others
due to more or less favourable conditions related to climate variability. The productivity of the
agricultural sector will decrease in the South and increase in the North. On international markets,
demand will automatically turn to the less expensive goods. The distribution of countries according
to their relative advantages over the international scene will then gradually change via international
trade. This will make it possible to meet the total demand in terms of primary goods. However, it is
not impossible that the prices of agricultural goods will increase, in particular grain and cattle prices,
for expenditure in agricultural production will be higher with respect to people’s incomes in this
sector (Julia, 2005). But this rise could slacken and be reversed following adjustment to the climate
by the countries concerned (Darwin and al., 1995).

Yet, the transition of the economy need not be of the exclusive doing of individual persons. It must
be necessarily accompanied by public organizations so that it would be as efficient as possible and to
prevent that the most vulnerable populations should end up in catastrophic situations. By reducing
their agricultural production, the countries of the region can extend their dependence vis-a-vis the
rest of the world. To guard against such a situation, the country must specialize in the production of
the goods that ensure it the best position on the international scene. In order to be attractive and
help gain market share, the goods proposed need to be among the best and the least expensive.

The institutional environment must, therefore, sustain this transition by facilitating administrative
procedures in particular. Besides, financial opening up will allow an inflow of foreign currency and
foreign direct investments (FDIs). Provided that risk-taking by individuals is properly coached, the
inflow of financial resources will be a decisive factor of economic growth. They will enrich the
banks and allow the development of credit. This, in turn, will sustain investments by private
developers and companies. Moreover, the establishment of new foreign companies will be beneficial
to the countries insofar as they will bring in new technological knowledge and will create
employment.

But this transition requires a reallocation of workers from one sector of the economy to another,
which gives rise to several problems. In the first place, this implies that agricultural areas are
deserted in favour of already over-populated cities, which would not be a solution to be envisaged.
Industrial development must, therefore, extend throughout the country and not remain
concentrated around coastal cities. In addition, with regard to less skilled labour, re-conversion of
farmers does not pose any major problems. On the other hand, the industrialization of the economy
will induce a recourse to increasingly advanced technologies. Accordingly, job offers on the part of
companies will concern the most skilled workers. So that the transition of the economy can be
effective, it will be necessary to promote access to education and training for an increasing number
of people.
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2.4. Adaptation in studies on the economic impact of climate change
on agriculture

The analyses, which introduce the countries’ possibilities of adaptation, compare, in general, the
results in case of adoption of these measures and in case of non-action. Certain studies consider
several degrees of adaptation (Rosenzweig and al.,1995; Tol, 2002b). The same assumptions are
often found in the studies. This consists in assuming that the farmers modify their planting dates,
their water charges, the variety of their crops, and mix their production according to the prices of
the goods, which involves investments but also additional profit (Darwin and al., 1995; Rosenzweig
and al.,1995; Mendelson and al., 2000; Fisher and al., 2002; Tol, 2002b). The possibility of a
reorganization of the economy is not considered within the framework of the global studies of the
economic impact of climate change, particular since the time frames are too short to envision such
adjustments.

It emerges from the results of these analyses that adaptation has a fairly beneficial effect on
production, particularly in developed countries. According to the most precise study on this aspect,
it helps mitigate the drop in world grain production from -7,6% to -0,5%, and -11% to -10% on
average in developing countries (Rosenzweig and al., 1995).

The capacity of adaptation of the industrial sector is much more complex to introduce within the
framework of an analysis of the impacts of climate change, as this sector is quite large and covers
various types of production.

3. ADAPTATION OF THE INDUSTRIAL AND ENERGY SECTORS

Unlike in the agricultural sector, where the implementation of adaptation policies is necessary for the
survival of the populations, in the industrial sector, it is rather related to the pursuit of profit by
companies. One needs to consider this aspect at an international scale to appreciate the motivations
of people to use cleaner energies, for environmental and financial performances will be increasingly
interdependent. Companies will be prompted to act if the profit to be generated by action comes to
compensate its cost. To evaluate their future advantages, it is necessary that they consider this aspect
from a long term perspective.

The issue of reduction of emissions and of adaptation of the energy sector in the Mediterranean is
addressed in detail in parts 2 and 3 of the study. This section offers an overview of the conclusions
of some economic studies on the topic.

3.1. Economic and climate factors influencing decision-making

The Kyoto Protocol requires, as has already been seen, the companies of the Northern countries to
opt for production processes that emit little GHG in the atmosphere. These measures do not affect
directly the countries of the South. Indeed, the Mediterranean countries contribute only in a quite
marginal way in climate variability. Kuik and al. (2000) evaluate the responsibility of the North
African countries in terms of marginal cost of the damage in US dollars per ton of carbon as 0.16 in
2005 and 0.13 in 2055, while for the United States, this figure is 2.26 and 1.80 for the same years.
However, the Mediterranean region will, all the same, be indirectly concerned by this problem,
which will result in a shift in demand in favour of less carbon intensive goods. It is, therefore,
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necessary that the companies of the Mediterranean countries which produce and use energy gather
awareness, as of now, about this phenomenon and adopt alternative options, so that they do not
find themselves, in the longer term, lagging behind international competition. Therefore, to be really
effective, the adaptation measures must be accompanied by mitigation elements. Companies may
find it beneficial to integrate in their investment decisions the will to reduce not only their exposure
to the climate, but also - and above all - the future rise in the price of carbon intensive energies, as
well as look for technological efficiency in order to reduce their GHG emissions (Stern, 2006). This
factor is all the more important in countries experiencing a loss of comparative advantages in the
agricultural field, and which will subsequently readjust their production.

The reorganization of the countries’ productive system must be done according to strategic
considerations in view of the countries’ anticipated situation. It is, therefore, important that the
countries should opt, as of now, for cleaner production systems, on either small or large scale, in
order to address the increasing energy demand (cf. part 2 of this report). Preventive adaptation will,
thus, help avoid future additional costs related to a restructuring of less efficient companies in terms
of energy saving. The companies which will have an appreciable advantage in the various production
sectors will be those which have taken this phenomenon into consideration the earlier possible and
which will readjust the more promptly their production process (Mansley and al., 2001; ISVA, 2002;
Llewellyn, 2007).

Besides, it is necessary that the companies should consider the new risks, related to the climate, in
their decision-making. In most cases, these translate into heavier production costs.

With regard to fossil energies, the approach would be to anticipate the difficulties likely to arise
during energy extraction and transport, especially in the case of extreme events.

The problems experienced by certain areas close to the sea will have to be one of the major elements
likely to enlighten the choice of location of certain industries.

As regards renewable energies, their use is only founded when their amortization allows for
recovering the initial investment. However, their efficiency is, for the major part, dependent on the
climate to come.

3.2. Possible orientations

In view of these factors, several adaptation alternatives exist according to industrial activities. They
generally consist in looking for energy efficiency and gradual recourse to renewable energies.”

Considering the wastage of energy resources in Mediterranean countries, the first solution - a less
costly one - must be granted priority order in these countries. It is estimated that energy saving in
the Southern Mediterranean countries of about 50% of the total demand would be possible by 2025
(Plan Bleu, 2005). It will thus allow an increase in the overall productivity of companies. It requires,
in particular, a diversification of the offer in order to mitigate the negative impacts on companies of
a rise in the prices of certain energies or of a depletion of the resources. Moreover, it implies an
improvement of distribution, which requires especially a better performance of the networks. It does
not necessarily require heavy investments in infrastructures (Llewellyn, 2007). Accordingly, it is an
option that can be adopted promptly. It involves all sectors of the economy, though the building
construction is particularly concerned (renovation of buildings with recourse to a proper insulation,
more ventilation, better orientation of new buildings, use of new building materials capable of
withstanding extreme events...).

2 This aspect will be detailed in the third part of this report.
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The principal characteristic of these countries is that most of them hold considerable fossil energy
resources, but whose combustion is highly polluting. Before resorting to new energies, the challenge
is to make use of the solutions that would allow them to use these resources that they have,
according to a clean production process.

An option already adopted by certain Northern countries is to reduce the carbon intensity of the use
of these energies by encouraging CO2 capture and storage systems. This option is under study in the
Southern Mediterranean.”® However, it seems that this alternative is effective only to a certain extent,
and this, for several reasons. First of all, it does not actually meet the objectives of reduction of
emissions and implies significant fixed costs (in terms of infrastructures) and variable costs (energy
use). Moreover, the environmental impacts must be analysed in greater detail. In addition, it must be
justified by external (public) actions in the Mediterranean countries, which are not concerned yet by
the regulation policies. Lastly, there is no general agreement as to whether it will lead, in the long
term, to limiting the variation of the price of fossil energies for which demand will necessarily
decrease. Rather than oil, the countries should, as a first step, give priority order to the use of natural

gas.

Another alternative currently under consideration by Mediterranean countries is the recourse to
nuclear energy - which is CO2-emission free - to respond to the region’s increasing needs. The
concern attendant upon this type of solution is related to increasing dependence of the countries vis-
a-vis the rest of the world. This situation could be avoided if the countries were to opt for a
cooperation between the European and North African countries (4th EUROMED Energy Forum
for 2003-20006). This should help facilitate investments in infrastructures via common interest
projects, as well as energy exchanges between the two regions. Nevertheless, many drawbacks and
risks related to nuclear energy must be taken into consideration.

Moreover, a strengthening of relations between the European Union and the Mediterranean region,
within the framework of a cooperation on reforms of the energy sector - as a support for the
development of effective energy policies, as well as for the promotion of renewable energies -,
would allow the Southern Mediterranean countries to achieve significant gains in terms of energy
saving (Marquina, 2004).

The advantages for the Northern countries will rather belong in the framework of the Kyoto
Protocol. Indeed, by supporting the "Clean Development Mechanisms" in countries not belonging
under Appendix 1, they will benefit from new emissions credits.

The adoption of new technologies belongs in this course of action. It would, therefore, be advisable
to replace the obsolete production systems by new processes, which - though requiring heavy
investment in an initial phase - are soon amortized thanks to the energy saving obtained over the
long term. Besides, in order to prevent that the outputs of the infrastructures in place should
decrease and that their vulnerability should increase, considerable rehabilitation actions must be
considered as regards the existing installations and the integration of appropriate technologies for
the new constructions, while taking into account the considerably long useful life of the majority of
the investments in this field (40 years for a gas power plant, 60 years for a nuclear thermal power
plant). There will arise, however, the difficulty of the massive financing necessary and the non-
market costs related to the environmental impact of the installation of such facilities.

With regard to renewable energies, Mediterranean countries have an advantage with respect to other
countries; this is due, in particular, to their exposure to sunshine and to wind. They will have to
necessarily benefit themselves of this asset. On national level, it will be useful to gradually substitute
the use of certain polluting and increasingly expensive conventional energies with renewable energies
(hydraulics, solar energy, wind mills...), all the more so as their capital cost in the necessary

2% Analysed in more detail Part Il
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equipment is generally lower than the renewal of the infrastructures for conventional energies. Of
the success stories in this field, one may mention the adoption of solar water heaters in Tunisia.

On a more global level, the development of these new energies is likely to generate new
opportunities for the countries in terms of uses and market share. Indeed, the countries which will
make more rapid progress in this regard will have a comparative advantage on the international
scene and will be able to export their energy and their processes in the other countries of the world
which seek to diversify their resources in order to reduce their dependence on oil (Mansley and al.,
2001; ISVA, 2002; Stern, 20006; Llewellyn, 2007).

The problem lies in the cost up-stream of the adoption of such energies. This field is labour-
intensive, which will - to a certain extent - contribute in reducing unemployment, but which requires
significant efforts in matter of education and training. Besides, it will be necessary for the country to
develop its scientific research in order to make best use of these processes, as well as develop
familiarity with second-generation renewable energies. These activities could be organized in
coordination with European countries. It is, however, necessary to bear in mind that, even though
the initial investment is huge, these costs will be quickly amortized according to the scale and
experience of the countries (Stern, 2006). The table below, derived from the IEA report (2000) and
taken up by Stern (20006), gives a clear illustration of this phenomenon as regards several new
energies.

Graph 8 - Evolution of the costs of renewable energies
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To encourage the use of this type of energy, it is necessary, on the one hand, to build awareness
among the population about these new resources and, on the other hand, to set up financial
incentives.

Although the key decisions belong to the private sector, the public sector does play, there again, a
significant role (Stern, 2006). It must offer an economic, financial and institutional environment that
is congenial for new investments by individual persons, while directing their decisions thanks to
transparency of information, in such a way as to enhance their effectiveness. Besides, it must adapt
to corporate needs by offering services that meet them. This is why it must take responsibility in
setting up an education system that is accessible to all and which helps to enhance the qualifications
of the labour force. Moreover, it must encourage the introduction and development of new
technologies, which can be substituted for certain large energy-consuming processes. In this regard,
it is necessary to open up the countries’ financial markets, of which - in particular - introducing
flexibility in the legislation concerning the conditions of repatriation of company profits, in order to
make the economy more attractive with regard to foreign direct investments (FDIs).
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3.3. Evaluation of costs in the energy and industry sectors

The necessary investments to adapt, in the short term, the energy supply to the increasing demand in
the MENA region require an increase in production capacity and a renovation of obsolete
structures. In the three major energy sectors (oil, gas and electricity), these costs will range from 30
billion US dollars to more than 150 billion US dollars according to the countries of the region by
2030 (Graph 9). However, these figures do not include the costs related to seeking energy efficiency
and the use of - less polluting - renewable energies, as they do not consider the mitigation measures
that the countries will be obliged to adopt. In the latter case, the investments required would be
much lower and the endeavour to seek energy efficiency would allow the countries a significant
saving (Graph 10).

Graph 9 - Required energy saving in the MENA countries by 2030
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Graph 10 - Costs and benefits related to looking for energy efficiency by 2030
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The economic literature dedicated to a study of the costs of climate change with the adoption of
preventive measures in the energy field remains rather lacking in precision. Rare are those that
measure the costs of implementation of adaptation options in the industrial and energy sectors. This
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is due to the fact that the investments required vary according to the activity sectors, the
technologies available in the country, the exposure of the country to the climate, flexibility of the
labour force, etc ... They tend to focus, in general, on evaluating the costs of the mitigation policies.
This is the outcome of several factors. First of all, unlike the agricultural sector, the energy sector is
as much concerned by adaptation as by mitigation in order to be able to offer solutions in the short
term while mitigating the adverse impacts of pollution in the long run. In addition, the interest
dedicated to the effectiveness of various possible measures has been fostered over the past few years
by the Kyoto Protocol, and this, in view of the will of the countries to choose the least costly
solutions. Lastly, from a methodological point of view, it is relatively simple to estimate costs based
on the evolution of the price of energy resources, both conventional and new, according to several
scenarios. Moreover, it is possible, by using an analysis of the social cost of the emission of an
additional ton of carbon in the atmosphere (Tol, 2005, 2007), to evaluate the price of this additional
ton and to compare this result with the marginal cost of the reduction of this emission, according to
various processes.

Within the framework of mitigation, the costs are related mainly to the adoption of new, more
efficient and less emitting technologies and which are passed on to the price borne by the
consumers within the framework of the readjustment of their energy supply, knowing that the new
resources still remain more expensive than conventional ones. On the whole, the costs generated by
maintaining emissions on a level lower than 550 ppm by 2050 based on the substitution of low
carbon energies for fossil energies are estimated as 1% of GDP on average (Stern, 20006). The larger
portion of the costs will be borne by the most polluting countries.

The most detailed studies, focused on energy in particular, introduce - as an additional factor - the
behaviour of producers and consumers (Barker and al., 2000, for instance). The results are highly
dependent on the underlying assumptions of the model concerning the country’s current emission,
the evolution of energy prices, the consumers’ and producers’ substitution elasticity ... The recourse
to a cleaner production process thus generates costs which vary between a 2% GDP gain per year as
from 2050 in countries where the conditions are most favourable and for which climate-related
policies are new opportunities for growth, and a 4% GDP cost in countries which experience the
largest problems (Stern, 2006). They remain generally lower than the costs of non-action. In all
cases, the costs of implementation of preventive policies are marginal, in view of the countries’
anticipated growth.

3.4. Protection of coastal areas

One solution to mitigate the impacts of sea level and climate variability would be to implement an
efficient protection of the coasts. The amount of the direct investments required for the protection
of the coasts with regard to 1 metre rise in sea level is estimated as 92 billion US dollars for Africa
and 5 billion US dollars for the Middle East (Tol, 2002b). The substantial amount of this cost is due
to the fact that a major part of the economic activity is concentrated in this area in Mediterranean
countries.

These investments remain significant, in particular for emerging countries. The actions in terms of
adaptation in Mediterranean countries are, therefore, strongly connected with the financing
opportunities offered to them. Accordingly, several solutions must be envisaged to help these
countries to bear the costs of adaptation and mitigation necessary for the growth and development
of their economy.
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4. TOTAL COSTS AND FINANCING: WHO WILL PAY ?

So that the Southern Mediterranean countries manage to mitigate their vulnerability while resorting
to solutions that are sustainable over the long term, various financing options - being, for the major
part, complementary - may be adopted. They require, on the one hand, a participation of the private
and public sectors on the national level and, on the other hand, aid by international institutions, in
particular.

It is obvious that the Southern Mediterranean countries do not have sufficient financial resources to
adapt their economy to climate change when one considers the preliminary estimates of the cost of
action. However, the lack of quantitative and precise information on the needs of the countries and
of the various sectors represents an impediment to effecting the funding,

4.1. A coordinated action?

In order for the action to be efficient, the choice of the programs to be adopted must be necessarily
conducted within the framework of a coordination between the private and public sectors for each
economic activity (Kurukulasuriya and al., 2003, Mendelson and al., 2006). This choice, sustained by
international institutions, should promote, and assist in, the implementation of national strategies.
Its intervention can take various forms.

Within the framework of the management of public goods, action must be conducted -with the
assistance of international institutions — for the protection of natural resources, coasts, and
populations. This requires, on the one hand, establishing clear regulations to manage urbanization
and constructions and, on the other hand, facilitating access to health care by the most needy. In
addition, and as has been shown, this should involve offering education and training accessible to all
so that companies could enlist more skilled labour. Lastly, this must take in charge the development
of scientific research in order to anticipate the future impacts of climate change and propose
relevant policies.

As regards the orientation of the market sectors, its role would be to assess the real needs of the
economy, manage demand, relay information, lay down rules to best coach investments and ensure
that environmental standards are complied with. Thus, there would be a mixed approach, according
to each sector, coupled with expertise for specific problems. It would ensure in addition, via
assistance by international institutions, the heavy investments in infrastructures necessary for each
activity. Besides, it would play a key role in financing the damage caused by extreme events, by
extending assistance, in particular, to the poorest populations. The stability and efficiency of the

programmes being assured, this should generate attractiveness of private investors (Bode, 2005;
Winkler and al., 2005).

This strategy is defended by the World Bank, especially in the agricultural field, where this
organization requires further decentralization. It must take into account the local interests of the
people and their own strategies, as there can be a different adaptation alternative for each
agricultural area according to its characteristics (Kurukulasuriya and al., 2003). The public sector not
only must take responsibility over the management of water resources (price setting, development of
infrastructures...) but also contribute to the integration of certain landlocked regions by developing
access to energy, for instance. As an additional contribution, the private sector will have to invest
enough effort in enhancing agricultural production, marketing of the products, extension of
technologies and modernization of production patterns (World Bank, 2005).
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But the extension of the private sector on national level requires a development, upstream, of
financial services to both individuals and companies. The banking sector will have a dominant role
in the years to come. By offering opportunities of funding via credits, it will encourage private
initiative. A prerequisite, in this regard, is that risk taking should be coached in order to minimise
excessive behaviours responsible for large-scale financial crises jeopardising the stability of the
economy as a whole. These guarantees will also help the banking and financial sectors attract a
sufficient amount of international liquidities to meet the increasing needs of the economy.
Moreover, if projects that are compliant with environmental standards are promoted, this will
encourage people to seek to achieve energy saving. At the same time, this will help meet the
Millennium Development Goals (MDGs) since, by offering financial resources for each goal, it will
be one of the vectors of reduction of inequalities (Daymon and al., 2007).

As regards the financial sector of these countries, a more marked and better-coached opening up
would enable them to participate in international exchanges of pollution rights. Thus, they could
benefit from additional liquidities. Moreover, this factor would foster a greater diversification of the
investors’ portfolio, allowing efficient allocation of resources, by granting preference to the least
polluting companies (ISVA, 2002). This, however, will require a multiplication of financial
intermediaries facilitating links with industrialized countries and international institutions (Stern,
2000).

Alongside with this, it is necessary to ensure development of private insurance companies for both
individual persons and firms in order to cover the one-off and significant costs due to extreme
events. In certain cases, cooperation with the public sector will be necessary and will offer
individuals a greater room for manoeuvre (UNEP-FI, 2006)

4.2. Role of international institutions

International institutions seem to be the best placed to manage on global level the funds allowing
the poorest countries to adapt, with a view to mitigating the impact of climate change.

One option requires the adoption of a compensation system after GEF (Global Environment
Facility) model which implements the objectives of the UNFCCC? (United Nations Framework
Convention on Climate Change), with support by the World Bank and UNEP. The objective is to
help finance programmes based on energy efficiency and renewable energies in developing
countries. This initiative was consolidated by the Marrakech agreements (2001), which set up three
funds of assistance to adaptation by the countries: a fund dedicated to climate change, a fund for
least developed countries, and an adaptation fund. However, the investments must be likely to
generate future global benefits to be adopted.

A second proposal put forward in the economic literature would be to create a climate insurance
fund for the countries most exposed and largely affected by climate change and extreme events due
to CO, emissions. But such a mechanism would be very difficult to set up because it would imply
that the compensations depend on responsibility over carbon emissions, which is impossible to
identify. Besides, there is a risk of "moral hazard" (in the same way as arose on the eve of the
exchange crises in emerging countries (Hellman and al., 2000)). Indeed, cashing on compensations
on behalf of international bodies to finance the impacts of the climate on their economy, the
countries would be little moved to adopt measures allowing a reduction, upstream, of their
vulnerability.

2 http://unfcc.int/cooperation_and_support/financial_mechanism/items/4053.php
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One alternative would be to consider the setting up of an international insurance fund dedicated
exclusively to financing the catastrophic impacts of extreme events in developing countries
(Linnerooth-Bayer and al., 2000). Its role would be to sustain the action of private and public sectors
at the time of exogenous large-scale shocks due to the climate. It would constitute an option to
protect the poorest populations, as its access would be extended to the whole society. To be really
efficient, it would be accompanied by prevention measures. The funds could come from donor
countries, which would be the wotld’s richest economies.

Finally, a last resort would consist in setting up development aid programmes for the poorest
countries, directed and managed by the World Bank. They would help meet the Millennium
Development Goals (MDGs). Alongside with this, the task would be to reduce inequalities in order
to limit the exposure of the most sensitive populations and to boost economic growth, but within
the framework of regulations that allow improving their energy efficiency and protecting the
environment. Thus, the Southern countries would reduce their vulnerability to climate change. The
funds would be provided by the countries, which contribute most to carbon emissions.

5. CONCLUSION

The few elements of economic character identified above concur to the conclusion that if the
Southern Mediterranean region gathers awareness, as of now, about the future difficulties due to
climate change and that it seeks to mitigate their impacts, the costs related to future temperature and
rainfall variability can be largely reduced.

Indeed, priority order must be granted to efficient management of water resources. As a first step,
this implies the adoption of the necessary reforms in the agricultural sector, with a view to reducing
water consumption. The measures taken, aimed at reducing the vulnerability of agricultural areas,
will depend on the features of each area. There may be a need to shift from certain crops to others -
that are more resistant and better adapted to the climate -, or to abandon agricultural production in
the more exposed areas in favour of the secondary sector. On a more general level, the country must
focus on dissemination of information, management of water demand and provision of the
infrastructures necessary to sustain private initiative. In this sector, priority order will be granted to
adaptation, for the adverse impacts will be rapidly felt.

In the energy sector, several synergies exist between mitigation and adaptation actions. Water and
energy saving and efforts in matter of energy efficiency will, at the same time, help mitigate the
country’s sensitivity to the climate - while meeting increasing energy demand - and reduce, over the
longer term, its GHG emissions. This requirement is further accentuated by the current trend, on
international level, to favour low-carbon goods and services. The cost of the action in this sector is
quite high because it is dependent on investments in infrastructures, the adoption of new
technologies, training of people, and research and development. However, the use of new, low-
carbon energy resources may be doubly advantageous for the country. First of all, it would enable it
to achieve a significant energy saving. Besides, the region having assets to exploit this type of
resources, if it acts promptly and in coordination with European countries, it will present a
considerable comparative advantage in this sector compared to the rest of the world.

The most arduous difficulties to address are related to extreme events. They are not easily
predictable and the costs that they generate are quite heavy. This is why, it is important to scale up
international aid to compensate the damage due to these catastrophes in developing countries.
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Besides, adaptation and mitigation policies must be selected with the help of a precise study in order
to efficiently respond to the needs of the countries. To achieve this objective, it is required to
combine national and local approaches with an improvement of governance (transparency in
decision-making, civil society action...). The stability of the economic environment will thus
encourage private sector participation. Indeed, coordination between the decisions taken by the
public sector, international institutions and the private sector will help address in the best way
possible the problems generated by climate change. In the Southern Mediterranean countries, it is
Northern Europe that will have the major role to play.
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IV. GENERAL CONCLUSION

The results of the whole set of studies considered conclude that the economic impacts of climate
change on the countries of the Southern Mediterranean will be considerable if no measure is taken
to reduce their vulnerability to these variations.

Although only very few comprehensive studies focus on this region, there emerges from the global
analyses a very significant cost for the countries in the decades to come. The latter is all the higher as
there are many interactions between the various sectors of the economy of these countries. The
results are largely fraught with uncertainty as to the future evolution of the climate and the
economies; therefore, they should be quoted for the sake of information only. Besides, they are quite
dependent on the underlying assumptions of the model. Thus, the most objective studies are those
which rest on several climate scenarios which evaluate at the same time the impacts of the climate
and of extreme events on the market and the non-market sectors from a dynamic point of view,
which compare various weighting processes and which set the discount rate at intermediate levels.

With climate variability likely to accelerate, the countries of the Mediterranean region with already
high temperatures and difficulties in terms of water resources will see their problems further
accelerated. Even though global warming may be beneficial to the countries that have not yet
reached the temperature allowing an optimisation of their production, the Mediterranean countries
have, for the most part, already exceeded this threshold and have experienced a reduction in their
benefits and an increase in their costs. Accordingly, the studies emphasise that adaptation efforts
must, therefore, be stepped up and that - in order for them to prove really efficient over the long
term - need to be accompanied by mitigation policies. An association between the private and public
sectors, as well as international institutions, is recommended by most of the authors in order not
only to ensure the development of a stable economic environment and an effective orientation of
policies, but also to offer some form of insurance in the case of large-scale extreme events.

The countries most concerned by these problems are those whose production is specialized in
agriculture, a sector highly exposed to the climate (particularly Syria, but also Morocco, Egypt and
Turkey). It is particularly the most arid zones that will report the most rapid decrease in productivity.
Thus, it is important to implement preventive measures aimed at reducing the vulnerability of
agricultural countries to climate variability. The options to be adopted vary according to the local
features of the land; but, in certain cases, a shift to more resistant crops is not sufficient.
Accordingly, the countries may find it beneficial to favour a development of their secondary and
tertiary sectors before demand on agricultural products shifts to other countries benefiting from
better climate conditions. The farmers alone cannot address this problem in full. Although they have
a significant capacity for adaptation, the latter response follows upon climate variability and does not
anticipate it. Besides, it implies very high costs, in irrigation infrastructures in particular, which
cannot be borne by the private sector alone.

Finally, in order to help decision makers adjust production efficiently, a more comprehensive and
precise information is deemed, by several studies, as of dominant importance. The role of the public
sector is, therefore, a key role. Besides providing a stable structure for decision-making, it has to
manage extreme events and ensure that rural areas get access to energy, water and education.
Additionally, the private sector is called upon to invest in strategic sectors. However, to finance this
adaptation process, international institutions must extend their support by obtaining compensation
on the part of the most polluting countries, for instance.

Regarding the industrial and energy sectors, two problems are worthy of consideration. On the one
hand, the countries will experience, in the years to come, an increasing energy demand induced not
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only by the climate but also by the growth of industrial production and of the population, as well as
rise in people’s standard of living. But this increase will be accompanied by a shift of international
demand from carbon-intensive products. This is why the countries must accompany the measures of
adaptation of their sectors by longer-term considerations focused on energy efficiency. Although
relatively few analyses on the cost of adaptation are available, the anticipated costs seem
considerable. But, as long as the countries focus on promising industrial strategies (renewable
energies equipments, for instance), they can derive benefit from a comparative advantage on the
international scene. In order to maximize the efficiency of the new energy producing or consuming
industries, several considerations must be adopted. The authors recommend that the public sector
should encourage the private sector to optimise its installations in line with the direct constraints of
the climate and of extreme events, as well as with the indirect influence of regulation policies in the
other countries as to the price of energy resources. Moreover, it must promote investments by
developing the banking sector and by improving the institutional framework. Furthermore, by
offering appropriate training to the labour force, it is likely to efficiently meet its needs. In this
sector, too, the role of international institutions and of Euro-Mediterranean cooperation is dominant
to mainstreaming new technologies, financing and orientating priority projects.

Considering the other sectors of the economy: a main preventive action would target coastal zones
to limit constructions in areas exposed either to a rise in sea level or to extreme events. The
constructions must also be optimised to save a maximum of energy. Regarding transport, it is likely
to undergo the side effect of the regulation policies in the other sectors. For the time being, few
alternatives are offered to the transport sector, apart from passenger cars. Lastly, in the non-market
sector, the adverse impacts of the climate on the ecosystem can hardly be avoided. An action in the
field of improvement of access to health care can, however, significantly reduce risks of epidemics.
In any case, priority in the immediate future must be granted to measures intended to reduce the
vulnerability of the poorest populations, by acting towards a reduction of inequalities. In this regard,
the most ‘cost-effective’ measures in the Mediterranean will belong in the framework of the
Millennium Development Goals (MDGs) and the sustainable development objectives that the
region has set itself.
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ANNEXES

ANNEXE 1. MOST COMMONLY USED ECONOMIC MODELS IN THE
EMPIRICAL LITERATURE

1.1. Integrated Assessment Models (IAM)

The Integrated Assessment Models (IAM) help evaluate the costs and benefits of an action, taking
into consideration future climate variability. These models may take various forms: optimisation
models or evaluation models (Tol, 2006). While the former model is mainly used by economists as a
tool assisting in the orientation of economic policies, the latter forms the subject of more
comprehensive analyses that are more dedicated to natural science fields (study of carbon cycle, of
land use change ...) (Weyant and al., 1990).

In the optimisation models, there appear both economic and climate components. They tend to
focus on the objectives to be set in terms of GHG emissions (which mitigate impacts of climate
change) in order to maximize the benefits and to minimize the costs (generated by the regulation
policies). Future economic growth and evolution of the climate are jointly simulated. The purpose,
then, is to assess the consequences for a given economy in terms of production, income or
usefulness of various regulation policies. However, the assumptions on which the models are based
can influence the results and must, therefore, be amply clarified and justified (choice of the climate
model, description of economic growth—while specifying whether technical progress is taken into
account, capacity of adaptation of the economy ...).

Among the most commonly cited examples, one may mention the work of Nordhaus (1994) and
Nordhaus and al. (2000) which rests on the development of the DICE model (and its regional
version RICE), characterized by coupling a climate model and a simple economic model, derived
from the literature. The purpose is to maximise a function of social utility under a double economic
and environmental constraint. However, a difficulty arises as to the global nature of the climatic
models when it comes to regional studies (Nordhaus and al. 2000). An alternative to the
optimisation model of simultaneously considering the costs and the benefits of an action is the
model exclusively focused on an evaluation of the costs in which the objectives to be reached are
generally set in an exogenous way (Tol, 2000).

1.2. "Bottom-up"” and "Top-down” models

Among the empirical models of assessment of the cost of climate change and the options of
substitution among the sectors to mitigate the impacts of this change, one often finds the "bottom-
up" and "top-down" models which can be integrated in the IA model (Mendelson and al., 2000).
The former ("bottom-up" model) is generally used within the framework of analyses dedicated to
one or several sectors, as it encompasses the direct individual impacts of climate change. Hence, it
may be reproached for not giving sufficient information with regard to the more global evolution of
consumption or production. The latter ("top-down" model), being more comprehensive, takes into
account at the same time the costs, the function of production, and consumer preferences. It thus
allows for a computation of the global impacts related to temperature variability. Hence, one of its
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limitations is related to its lack of efficiency in the case of regional or local studies (Goulder and al.,
2000). Besides, its empirical grounds may be largely questionable since they rest on expert opinion
and not on empirical tests (Mendelson and al., 2000).

In view of the respective limitations of these models, it would be judicious to integrate them within
the same analysis in order to conduct a more comprehensive study (Mendelson and al. (2000)).

1.3. Computable General Equilibrium (CGE) models

It is worth pointing out that the "top-down" approach includes the computable general equilibrium
(CGE) models. These models are used to quantify the costs and benefits of environmental policies.
They have the advantage of being more handy than the conventional economic models, integrating
macroeconomic behaviours. They are not tools to predict the future level of the variables, but a
decision-making tool thanks to the evaluation of the impacts of the various policies implemented.
They rest on the economic literature. In general, they are established after the general equilibrium
model of Arrow-Debreu. The computable general equilibrium models can take several forms to
handle various environmental problems (global warming, deforestation, degradation of air quality,
water, land ...) (Conrad, 2002).

In the field of climate change, they are used within the framework of studies dedicated to the
interactions between energy, the environment and economy. The objective is to identify the optimal
policy to be implemented, while taking into consideration the climate constraints. These models
imply joint integration of the physical and economic spheres in order to assess the impacts of
climate variability or the implementation of regulation policies on well-being. This consists in setting
assumptions concerning the economic and environmental development of the country concerned
(particularly in terms of substitution elasticity, exogenous variables, technological change). It is more
common to consider environmental impacts as exogenous due to the difficulty of considering a
retroactive loop between the economy and the environment. In addition, traditional assessment of
well-being, measured by income variation, must be made more telling by integrating environmental
quality.

Besides, partial equilibrium models are used to assess the cost of the action, by considering market
conditions and the production and consumption substitution processes. However, they do not take
into consideration the linkages between all sectors of the economy (Conrad, 2002). In the context of
the studies on climate change, the computable general equilibrium models rest on the assumption
according to which temperature variability will influence the supply and demand of all goods and
services, thus modifying their relative prices. However, climate change is not quite marked and will
have visible impacts only in the long term. Accordingly, it is sound to use this method to appreciate
the global economic impacts of climate variability (Mendelson and al., 2006). In this case, the partial
equilibrium models focused on the most sensitive sectors of the economy are more suitable.

Peters and al. (1999) underline the lack of efficiency of these models as regards the evaluation of the
benefits and the costs associated with the policies implemented in order to mitigate the adverse
impacts of climate change. Their criticisms relate, in particular, to the variance between the model
and the real world. They point out the fact that many significant parameters are not taken into
consideration (of which technical progress, structural changes, etc ...) which can, in certain cases,
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distort the results. Besides, they highlight the difficulty in obtaining a stable and effective single
equilibrium. Moreover, introducing the uncertainty—inherent to studies related to assessment of the
impacts of future climate variability—runs against the concept of optimal allocation of resources by
the market. According to them, the model needs to be largely improved to yield concrete results
likely to be used by the policies dedicated to climate change.

1.4. "Ricardian” models

The cross-section data models of the "Ricardian" type are particularly used in the framework of the
studies dedicated to the impact of climate change on agriculture (Kurukulasuriya and al., 20006), but
can be extended to other sectors (Mendelson and al., 2000). They consist in an elaborate empirical
study based on the ideal Ricardian model (Ricardo, 1815) which was promoted in particular by the
work of Mendelson and al. (1994). The objective is to measure the long term variation of the
farmers’ incomes or the value of the land, according to climate variability and other factors. In the
context of the other sectors, the impact is considered in terms of modification of the price of wood
or energy expenditure in the forestry and energy sectors, for instance (Mendelson and al., 2000).

The standard model is a quadratic function of the climate to highlight the non-linear relation
between the variation of temperature and that of agricultural income. In general, it is assumed that
the relation between these two variables is concave (Mendelson and al. (2000); Kurukulasuriya and
al., 2000), i.e. the net income increases with the temperature level up to a threshold beyond which
this relation is reversed. This assumption may be extended to all climate-sensitive sectors, which
means that for each one of them there is a temperature which maximizes the well-being of this
sector (Tol, 2002a; Mendelson and al., 2006). Indeed, according as to whether the country
experiences lower or higher temperatures with respect to this maximum, it derives benefits or incurs
costs accordingly. It is, however, necessary to take into account the influence of seasonal variations,
especially with regard to the agricultural sector (Kurukulasuriya and al., 2000). Lastly, the curve will
not have the same form according to the level of development of the country and the exposure of
the sector to climate variability (Mendelson and al., 2000).

The advantage of this method is that it offers the possibility of observing the adaptation strategies
and evaluating the benefits derived from them. On the other hand, it is highly dependent on the
period on which the analysis rests. Indeed, it is impossible, for instance, to measure the impact of
the variation of carbon concentration, which is a variable that changes only slightly over the analysis
period considered. In this case, it must be coupled with an experimental analysis. In addition, the
impact of extreme events cannot be measured unless they obtain over the analysis period
(Kurukulasuriya and al., 2000).

1.5. Dynamic vs. static models

The dynamic models are a representation closer to the evolution of the real world than that of the
static models. Indeed, they consider, on the one hand, climate variability and, on the other hand, the
country’s socio-economic changes, ie. the future growth of industrial production and of the
population, technological progress and institutional changes.

The introduction of this dynamics requires taking into consideration a large number of additional
assumptions when establishing the model, which gives rise to several criticisms. The starting point
of the study is, in general, a static analysis which one seeks to extrapolate according to various
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climate and economic development scenarios. This, therefore, consists in setting the parameters of
the analysis according to the main conclusions of the literature or by computation. For Tol (2002b),
it is indispensable to measure economic vulnerability to climate change according to the countries’
per capita income. In view of the weight of uncertainty, the results must be controlled by a
confidence interval.

This dynamics may be found in the IA models. Such is the case of the assessment study on the
impact of global warming on social well-being, as developed by Frankhauser and al. (2005) for
example, and which rests on the neo-classic theory of growth which introduces the future evolution
of saving and accumulation of capital within the framework of the DICE model of Nordhaus
(1994).

Thus, it is obvious that dynamic analyses are much more comprehensive than static analyses, though
it is advisable to be careful when formulating the conclusions. Indeed, the results are largely
dependent on the assumptions in terms of anticipations of the future system and the country’s
adaptation capacity, as well as the parameters which vary according to the period and the country or
the region selected.

1.6. Marginal cost of carbon dioxide emission

One technique to measure the cost of non-action ("business as usual") is to calculate the marginal cost
of the carbon dioxide emission, i.e. the present anticipated cost of the damage caused (in terms of
well-being or usefulness) by an additional ton of carbon dioxide emitted in the atmosphere. This
cost is generally expressed in monetary unit, in US dollar. This estimate results from a cost-benefit
analysis.

In order to calculate this cost on a global level, it is necessary to add up the costs in the past related
to carbon emissions in the various regions of the world. The impact depends at the same time on
the duration of stay of gas in the atmosphere, and on the total GHG stock. Then, assumptions are
set with regard to the value of time (discount rate) which depends on the level of consumption and
usefulness in the future, as well as on the weight of the countries. This necessarily calls upon a
subjective judgement. The results of the studies on this topic seem to be largely influenced by the
choice of these parameters, which explains the diversity of the results in the recent empirical
literature.”® Indeed, anticipations range from 0 US dollar per additional ton of carbon to 400 US
dollars according to the year 2000 prices (Stern, 2000).

So as to decide on the implementation of a regulation policy, it is advisable to compare the cost of
action and that of non-action. Consequently, the social cost of emission of an additional ton of
carbon is set against the marginal cost of reduction of this emission. The objective is to appreciate
and classify the various policies of reduction of carbon emissions according to their effectiveness,
L.e. in terms of social costs. The policy which will be selected is that for which the cost of reduction
is the lowest compared to the social cost. However, it is not possible to appreciate all the alternatives
offered to political decision makers in view of their large number. This is why, most of the analyses
have but little microeconomic ground.

This type of model is much used to address the issue pertaining in the climate policies to implement
in each country within the framework of the Kyoto Protocol. The cost of action varies according to
the initial situation of the countries and is all the higher as the percentage of reduction necessary to
achieve the set objectives is greater.

%8 For a more detailed vision of the results of the various analyses, cf. the works of Tol (2005).
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Aggregate analyses

1.7. Aggregate analyses

The aggregate analyses rest on the principle according to which assessing the impact of climate
change on global level requires adding up the anticipated impacts of the climate in each country and
region of the world. The advantage of this method lies in the readability of the indicators used.
Indeed, to establish a correct comparison between the countries, the impacts are often measured in
the same unit, most of the time in monetary units. In addition, this technique streamlines a whole
range of complex information in order to offer a simplified vision of the global results, provided
that the analysis is based on common assumptions. However, this method is fraught with several
limitations likely to distort the main results.

To begin with, in view of the difficulty of simultaneously observing the whole range of impacts on a
given economy, the choice of the authors is generally focused on a selection of a few indicators.
Most of the analyses rest on reduced-form models (Mendelson and al., 2000, 2006). Thus, many
impacts are not measured.

Besides, there arises the difficulty of an objective comparison between the regions, the sectors and
over time.
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PART 1 Climate change in the Mediterranean:scientific knowledge, impacts and green house gas emissions
CHAPTER 2 Review of the Economic Literature on Impacts of Climate Change in the Southern Mediterranean
Countries (SMCs)
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KEY MESSAGES

Future CO2 emissions of the Mediterranean: towards a much greater contribution by the Southern Mediterranean
Countries

Increase in CO2 emissions is much faster in the SEMCs than in the NMCs. With 1393 MTCO2 due to energy emitted in 2004,
the NMCs report an 18% rise between 1990 and 2004. SEMCs emissions are of 663 MTCO2, and they increased by 58% over
the same period. This growth rate exceeds by twenty points the global rate. According to the baseline scenario, the share
of the SEMCs in the emissions in question originating from the Mediterranean would be around 50% by 2020.

Contribution of the Mediterranean to CO2 emissions: past responsibility resting mostly with the Northern rim

The 21 Mediterranean countries emitted, jointly, 7.4% of the aggregate world emissions of carbon dioxide related to
energy use between 1850 and 2005. They emit today about 8% of these same global CO2 emissions. The aggregate
emissions of the Southern and Eastern Mediterranean Countries (SEMCs) since 1850 account for a mere 1.4% of the
aggregate global emissions, and they emitted in 2005, less than 3% of the global CO2 emissions due to energy. Thus, in
2005, the Northern Mediterranean Countries (NMCs) emitted approximately two thirds of the CO2 emissions due to energy
use for the whole Mediterranean basin. Per capita CO2 emissions range from 2.6 t in the SEMCs, to 2.4 t in FEMIP
countries (beneficiary of the Facility for Euro-Mediterranean Investment and Partnership), to 7.1 t in NMCs.

CO2 due to energy use in the Southern Mediterranean: main source of GHG, these emissions are increasing at a
faster pace than the global average

In 2000, 72% of the Mediterranean GHG emissions were due to CO2 arising from energy use. This share reaches 77% in the
NMCs and 64% in the SEMCs. These rates are higher than those related to the world situation. In the SEMCs, these CO2
emissions are, indeed, rising at a faster pace than global emissions. The carbon intensity of the economies of the SEMCs
(464 TCO2/million dollars of GDP) and FEMIP countries reported a very slight decrease between 1990 and 2004. It is also
worth noticing that the total past variation of CO2 emissions since 1990 results above all in the NMCs from an increase in
per capita wealth, while in the SEMCs, population growth is the main factor.

CO2 emissions due to energy by sector and their evolution since 1990

e Emissions due to electricity and heating constitute the main sector of CO2emissions due to energy use in the
Mediterranean (38% in 2004). This sector is, particularly in the SEMCs, the first contributor to the rise in emissions
since 1990.

e Emissions of the transport sector are closely connected with the level of wealth. They are thus high in the NMCs
where they account for 29% of the total emissions and where they constitute the main component of the rise in
emissions. A decoupling of emissions with economic growth is observed neither in the SEMCs (+55% since 1990) nor
even in the NMCs (+30%).

e The industry and construction sector (direct emissions) accounts for 20% of the CO2 emissions due to energy in the
SEMCs. Growth has been lower than in the two preceding sectors: + 11% in the NMCs and + 46% in the SEMCs between
1990 and 2004. However, these emissions are on the increase, whereas at the same time the EU-27 has reported a
marked drop in this type of emissions. The issue of emissions arising from cement factories in the SEMCs call for
special attention.

e (CO2 emissions due to "other fuel combustions" arise mainly from direct combustion of fossil energy in the residential
and commercial sector. These emissions are at 70% emitted by NMCs, but they are increasing more rapidly in the
SEMCs (such is the case of Tunisia, with 20% of the total of its relevant CO2 emissions and over 77 % between 1990
and 2004). As for fugitive CO2 emissions in the Mediterranean, of which more than 50% originate from Algeria, they
are steadily on the decrease. Simultaneously, methane emissions issuing from the same origin have strongly
increased.

CO2 emissions: a global stake and specific challenges

Thus, while the NMCs are faced with the need to immediately reduce their CO2 emissions, for the SEMCs and the FEMIP
beneficiary countries, the stake lies in achieving control over future emissions which will, themselves, depend on the
extent of the anticipation mainstreamed in the development investments and choices made as of now. The key sectors
which will determine the future emissions will be connected, in particular, with the building sector (construction, cement
plants, trade, tertiary and residential) and with the use of electricity (particularly in buildings: heating, air conditioning,
household appliances), as well as with those connected with transport (passenger and goods). If the investment and
development options selected in matter of energy were to be identical with those prevailing over the past 30 years, and
in view of the demographic and economic growth in the SEMCs, a very high rise in emissions would be likely to occur on
the southern rim of the Mediterranean basin.
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INTRODUCTION

Context

« Anthropogenic activities contribute to climate change insofar as they change the land atmosphere
by modifying GHG quantities and aerosols (minute particulates), as well as by altering nebulousness.
The decisive factor most known is the use of fossil fuels which emit carbon dioxide in the
atmosphere. GHGs, as well as aerosols, affect the climate by altering incoming solar rays and
outgoing infra-red rays rising from the Earth. The change in density or in the properties of these
gases and particulates in the atmosphere may induce a warming or cooling of the climate system.
Since the industrial revolution (around 1750), the whole range of human activities has induced a
global warming. The anthropogenic impact on the climate during this period exceeds by far that of
natural processes, such as solar and volcanic eruptions. »»

The contribution of the various countries of the world and of the Mediterranean to the process
described above appears, however, to be quite varied and heterogeneous. Thus, the structure by gas
or type of activity of the emissions of greenhouse gas (GHG) and carbon dioxide (CO2) is very
specific to each sector and country. Accordingly, a significant step in the reflection on the reduction
of GHG emissions is that of quantification of the emissions and analysis of their structure, in
particular those of CO, due to energy use.

Objective

This chapter aims at a factual stock taking of the extent of CO, emissions generated by energy use in
the total GHG emissions, of their evolution and structure in the Mediterranean countties.

Throughout this chapter a whole range of indicators will be selected, calculated and analysed in
order to:

e highlight the evolution and the relative importance of the CO, emissions generated by energy use
within the total Mediterranean and global GHG emissions;

e highlight the trends, structure, explanatory factors and sectoral dynamics of CO, emissions
issuing from energy use, in the whole Mediterranean basin (20 riparian countries of the
Mediterranean® + Jordan );

e define these evolutions by intra-Mediterranean geographical zone based on analysing and
comparing the origin and the evolution of the CO, emissions generated by energy use in the
Southern and Eastern Mediterranean Countries (SEMCs) and FEMIP beneficiary countries with
those of the Northern Mediterranean rim,;

e characterise, as much as possible, the respective share of the various parameters and industrial
sectors (per sub-region) generating CO, emissions related to energy use.

Content

In order to address these objectives, this chapter is composed of three parts. A first Part analyses
CO, emissions on the very long term (1850-2005) and highlights the evolutions of the
Mediterranean countries, those of the South and of the North, with respect to global trends. This

| Source : IPCC (2007). (Translated from the French)
2 Absence of data relating to the Palestinian Authority.
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first Part also analyses the share of the CO, emissions generated by energy use in the total GHG
emissions. The second Part of this chapter focuses exclusively on the CO, emissions generated by
energy use. The analysis is detailed for the recent period (since 1990) as per country. The carbon
intensity of the countries is compared, and a breakdown of the factors commonly used to explain
CO, emissions is presented. Finally, the third Part analyses the CO, emissions generated by energy
use as per sector and helps highlight, as much as possible, the sectors presenting the major
challenges and inducing the current and future growth of CO, emissions.

Sources of information and methodology

The figures on GHG emissions presented and analysed in this chapter are extracted from the
"Climate Analysis Indicator Tool" (CAIT) of the "World Resoutces Institute (WRI)".3 This database
was selected as it seems to be the most exhaustive source of quantified information on this subject
to date. The most recent possible data available in this database at the time of preparation of the
various parts of this chapter have been used. Thus, version 4.0 of the "Climate Analysis Indicator
Tool" was used for Part I (in October/ November 2007) and version 5.0 for Parts II and III
(December 2007/ January 2008). Detailed methodological information on the data is included in
Box 1. The Euro-Mediterranean Statistical cooperation programme, MEDSTAT 11, environment
sector, has also been consulted to check methodological information in the MEDA countries. The
results are aggregated by geographical zone (SEMCs, FEMIP4, NMCs...: cf. detailed composition in
Annex 1). Moreover, additional sources (in particular IEA and MEO) are used to supplement
certain series or for the baseline scenarios. Figures related to population, GDP and other
complementary information are mainly derived from the WRI data base.

3http://cait.wri.org/
4 The FEMIP aggregate is included in the analysis of Parts Il and Ill.
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|. GHG EMISSIONS: GLOBAL AND MEDITERRANEAN
ELEMENTS

This part presents, first of all, the historical carbon dioxide emissions generated by energy use. Afterwards, time-located
elements, for each GHG and for each sector, are supplied for more recent periods. Here are a few quantified * key
elements worth mentioning:

The Mediterranean countries have contributed 7.4 % of the aggregate global carbon dioxide emissions related to energy use
since 1850. As from now, they contribute about 8% of the global CO2 emissions. The SEMCs emit less than the NMCs: they
accounted for less than 3% of the global emissions in 2005, as against 5% for the NMCs.

The SEMCs currently account for about a third of the CO2 emissions due to energy use in the Mediterranean, though their emissions
are rapidly increasing. They, in particular, multiplied by over 5 times their emissions between 1969 and 2005. According to the MEO
trend-based scenario, this share would be about 50% by 2020.

From a broader angle of approach to GHG emissions of an anthropogenic origin in 2000, 72% of Mediterranean emissions are due to
CO2 related to energy use. This share amounts to 77% in the NMCs. For the same year, the total volume of GHG emissions*
thus represented 941 million TECO2 in the SEMCs and 1757 million in the NMCs.

From a sectoral point of view, the GHG emissions of the SEMCs are characterised by a relatively high portion of fugitive emissions
(9% in 2000), emissions generated by wastes and cement plants.

Energy use accounts for over 75% of GHG emissions in the NMCs. The fairly dominant sectors of the NMCs are the transport sector
(22%) and the residential and tertiary sectors.

*Cf. Infra for details on the data.

1. TRENDS IN GLOBAL EMISSIONS FOR THE WORLD, THE EU AND THE
MEDITERRANEAN

1.1. 1850-2005 : Global and Euro-Mediterranean carbon dioxide
emissions due to energy use

1.1.1. 150 years of steady increase in global emissions

The combustion of fossil energies emits carbon dioxide. The consumption of commercial fossil
energy had accompanied the nascent economic growth in Europe in the 19th century. The industrial
revolutions thus involved a tenfold increase in the carbon dioxide emissions due to energy use.5 The
data available6 allow a reasonable observation of these emissions since 1850. Graph 1 illustrates
these long term evolutions over the past century and a half for the world as a whole, the EU-27, the
Mediterranean and the SEMCs. The evolutions observed are characterized by the major following
stages:

e The global emissions related to energy use reported a slack between the two wars, the economies
of many countries having been made vulnerable over these thirty years (1915-1945). The
following decades were to particularly report an economic and demographic boom by the

5In parts I.1.1 and 1.1.2., when the term "energy use" is employed, the emissions generated by cement making process are included because
the historical data of "CAIT-Excel®" do not distinguish between them; thereafter, the distinction is always made.
¢ WRI CAIT data as derived mainly from the CDIAC, cf. Box |.
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industrialized countries thus driving the whole world into a spiral of a marked growth of carbon
dioxide emissions due to energy use.

e The oil crises of the 1970s, the rise of nuclear power and a slack growth of industrialized
countries slightly slowed down the growth of emissions. Nevertheless, since 1968, global
emissions have more than doubled, thus reflecting evolutions which have also affected the world
since the mid-1980s. The slump in production in the Eastern European countries in the late
1980s and in the early 1990s, the boom reported by the Asian countries and, in particular, the
marked growth in coal-rich energy consumption emanating from China and India are some of
the events which marked the recent history of carbon dioxide emissions.

e The current world situation indicates that over the past three years available (2003-2005), the
emissions related to energy use have reported an average annual increase by 4.4%. This variation
is higher than the historical pace of increase which is of 3.2% per year.

Figure 1 - Historical carbon dioxide emissions related to enetrgy use from 1850 to 2005, in million T of CO2
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Source: Plan Bleu computations, based on WRI CAIT data and other sources.

Note: Carbon dioxide emissions generated by fossil fuel combustion (baseline approach) and by cement making (1850-2002) WRI CAIT, Module
"CAIT Excel". For the 2003 data, the "national totals" of aggregate carbon dioxide emitted as per region are derived from the on line WRI CAIT
interface. Plan Bleu estimates for the 2004 and 2005 data after MEO (Plan Bleu Report, 2006), EEA (Internet site), WEO (2006) and IEA ("CO2
Emissions due to energy combustion", 2007). Plan Bleu estimates for 2004 and 2005 are made based on a variation method applied with common
recent baseline year. .

1.1.2. EU and Mediterranean emissions: “A differentiated pace”

The carbon dioxide emissions trend, as reconstructed for the EU-27, reveals a gradual divergence by
the latter with respect to the global trend (cf. Figure 1). As from 1905, the countries gathering to
date the EU-27 members contributed for less than a half of the global carbon dioxide emissions due
to energy use. After the second World War, the growth pace of European emissions was accelerated,
fuelled by the dynamics of the "glorious thirty years". Emissions were then to report an absolute
maximum in 1980. The policies related to energy use and the drop in production in Eastern Europe
contributed in stabilising the regional carbon dioxide emissions. In 2005, the EU-27 accounted for a
barely 14.6% of the world total, while its historical contribution amounts to 26.6% (cf. Table 1).
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Table 1- Carbon dioxide emissions due to energy use from 1850 to 2005

Région Cumul des émissions | Part dans le cumul | Emissions en 2005, | Part dans les

de 1850 a 2005, | mondial des | Millions de T de CO2 émissions mondiales

Millions de T de CO; émissions de 1850 a de 2005, %

2005, %

Monde 1147 890 100.0 28224 100.0
UE 27 305 166 26.6 4116 14.6
12 nouveaux membres de I'UE depuis 2004 53 768 4.7 738 2.6
Pays méditerranéens 85397 74 2211 7.8
PN de la Méditerranée 68 805 6.0 1454 5.1
PSE de la Méditerranée 16 592 14 757 27

Source: Plan Bleu computations after WRI CAIT data and other sources
Note: Same as for Figure 1.

The emissions generated by the Mediterranean countries as a whole (20 riparian countries’) seem to
be low on global level until 1950. Thus, in 1926, the Mediterranean region emitted five times less
carbon dioxide than the EU-27. The development of the countries of the Northern rim of the
Mediterranean (NMCs), then, more recently, of the Southern and Eastern Mediterranean countries
(SEMCs), has raised the total emissions of this region to about a half of that of the EU-27 in 2002.
At the beginning of the 21st century, the Mediterranean accounted for about 8% of the world total
carbon dioxide emissions. This trend is strongly influenced by the countries of the Southern and
Eastern rim. Indeed, the emissions of the latter countries had grown tenfold every 25 years in the
20th century, thus raising the global share of SEMCs by 2.7% in 2005. Nevertheless, it cleatly
appears that, to date, the countries of the Southern rim have contributed much less to CO2
emissions than those of the Northern rim (about 4.1 times less, according to the aggregate for 1850-
2005).

These main trends of global and regional emissions are sometimes not easy to interpret, and will
therefore constitute the subject of an economic and energy breakdown for the recent period 1990-
2004.°

1.2. 1950-2020: Carbon dioxide emissions related to energy use and
regional scenarios: worrying dynamics of the Mediterranean basin

Carbon dioxide emissions related to energy use are analysed with respect to the sub-regions over the
period 1950-2005, as well as their baseline scenario’ for the time frame 2020, wherever the latter is
available.

The emissions of the European Union were affected by the oil crises of the 1970s and the energy
policies resulting from them. This situation is strongly marked for the countries of the EU-15 (cf.
Figure 2). This same zone has since the early 1980s almost stabilised its carbon dioxide emissions
related to energy use. The EU-27 region is characterized by a falling trend in absolute emissions
since 1979, although, over the past decade, this trend has slackened rather significantly. The carbon
dioxide emissions of the EU-27 have been influenced since 1990 by a drop in the contribution of
the twelve new member States of the EU. This sub-group has reported a fall by a third since 1989.
Thus, these new members, which are for the major part Eastern European countries emitted in 2005
less than what they had emitted in 1969. These countries have undergone changes in their economic
structure and changes in their production level, which explains this evolution.

7 Absence of data relating to the Palestinian Authority.

8 Cf. Part Il.

9 The baseline scenario or trend scenario results from an extension of the trends by international institutions specialised in the energy
question, and does not incorporate the possible consequences of a behavioural change among the players.



The situation of the new Member States of the EU contrasts with that of the Southern and Eastern
Mediterranean Countries (SEMCs). The latter have, for the sake of comparison, multiplied by more
than five their emissions since 1969. The increase in the carbon dioxide emissions of the SEMCs is
fairly stable; it remains within an annual growth bracket of 5.9%. This growth presents a much more
steady trend than that of their Northern Mediterranean neighbours (NMCs). Nevertheless, the
NMCs have reported a high increase in their carbon dioxide emissions related to energy use since
1995." The Eastern Adriatic Countries (EACs) have been, for thirty years,'' more dynamic than the
rest of the NMCs (which are in fact the Mediterranean countries member of the EU-27); however,
the size of the economies of the Adriatic remains small with respect to that of their European
neighbours.

Figure 2 - CO2 emissions due to energy use of the EU and of the Mediterranean and baseline scenarios, 1950-2020, million
tons of CO2
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Source: Plan Bleu computations after WRI CAIT data and other sources.

Notes: CO2 emissions generated by combustion of fossil fuels (baseline approach) and cement making (1850-2002) WRI CAIT, Module “CAIT
Excel”. For 2003 data, the “national totals” of carbon dioxide, aggregated by sub-region, are derived from the on-line WRI CAIT interface. Plan Bleu
estimates for 2004, 2005 data and baseline scenarios from MEO (Report for Plan Bleu, 2006), EEA (Internet site, exclusively for 2004 and 2005 data),
WEO (2006) and IEA (“CO2 emissions due to energy combustion”, 2007, exclusively for the global estimate of 2005). Plan Bleu estimates for 2004,
2005 and baseline scenatios are developed based on a variation method applied with a common recent baseline year.

The baseline scenarios for the Euro-Mediterranean sub-regions help elicit the dynamics and the
relative share of regional emissions likely to emerge within the time frame 2015 or 2020 (cf. Figure
2), on the assumption that the trends observed in the past remain unchanged. Thus, these scenarios
establish an annual increase in emissions by 0.5% for the EU-27, while this increase is likely to
amount to 2.7% for the Mediterranean region.iz This growth differential would lead the
Mediterranean riparian countries to emit by 2020" as much carbon dioxide due to energy use as the
EU-15 in 1999, thus raising the share of the Mediterranean to 8.7% of the world total." The
Mediterranean region is, however, not homogeneous in terms of internal dynamics of the emissions
baseline scenarios. Indeed, the SEMCs are likely to report a more rapid increase in their emissions,
due in part to a South/North convergence of the economies. In 2005, the SEMCs emitted, for the
first time, more carbon dioxide related to energy use than the twelve new members of the EU. This

'® The bordering countries of former Yugoslavia are included in the NMCs.

' Except for the periods 1991-1994 and 1999.

12 As throughout this study, the Mediterranean region is considered as the NMCs plus SEMCs.

13 The growth of emissions for the time frame 2020 for the Mediterranean is derived from the MEO scenario (2006); the EU 2015 is derived
from the WEO (2006).

14 This share was of 7.8% for 2005, cf. Table I.
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trend is likely to lead, for the time frame 2020, to a share of the SEMCs in the world total emissions
due to energy use amounting to 3.8%."

1.3. Recent evolution of GHG emissions in the Mediterranean

After having studied the regional historical trends of carbon dioxide emissions due to energy use,
more recent data will allow us to appreciate the emissions in a more comprehensive way by
integrating in the analysis the following GHGs:

e Carbon dioxide [CO,]

e Methane [CH4|

e Nitrous oxide [N,O]

e Fluoride compounds [HFCs, PFCs, SF6].

The purpose of this breakdown by gas'® is here to study the temporal dynamics'’ specific to each
type of gas, and this for "the world as a whole", the SEMCs zone and the NMCs zone, as well as to
identify the share of CO, generated by energy use (which in turn will be analysed in detail in Parts II
and III of this Chapter).

The carbon dioxide inventoried (cf Figures 3-4-5) is due to energy use, international fuel reservoirs
and biomass." Thus, the total share of carbon dioxide in total GHG in 2000 is at least equal to 70%
in the three studied zones. Methane emissions result mainly from agriculture, wastes and oil and gas
systems in energy producing countries. Nitrous oxide is emitted upon use of fertilisers in agriculture
or during incomplete combustion processes.

Finally, fluoride compounds are generated during industrial processes.

The evolutions observed for each gas are as follows:

e The CO, emissions related to energy use (including international fuel reservoirs) account' for
57%, 64% and 77% of GHG emissions in 2000 for the "wotld", SEMCs and NMCs zones,
respectively.

e Carbon dioxide emissions related to energy use are increasing in all zones; however, this rise is
more marked for the SEMCs and the world than it is for the Northern Mediterranean rim
countries (NMCs). This growth is also observed for the particular sector of international fuel
reservoirs. The latter reports a high rise in all the studied zones. This trend is influenced by the
increase in international sea and air traffic. The share of this sector in the total gases remains
highest in the Northern Mediterranean rim countries (NMCs).

e The carbon dioxide emissions generated by land use change and forestry (LUCF) are relatively
stable over time. The estimate of the contribution of this sector to an evaluation of
anthropogenic emissions is difficult to make.”” However, it may be clearly observed that, while

15 This share is of 2.7% for 2005, cf. Table |. The SEMCs scenario for the time frame is generated based on the MEO (2006); the baseline
scenario for 2020 for the world is generated based on WEO (2007).

16 A gas bar chart for each zone is available for the years 1990, 1995, 2000, cf. Figures 3, 4, 5. Pie-charts are available in annex for the year
2000 and use a baseline method for the carbon dioxide related to energy use.

17 Only three years (1990, 1995, 2000) are available for non-CO2 gas emissions.

18 Houghton (2003). Cf Box I.

19 These percentages are calculated using a baseline approach for CO2 energy which differs very little (in value) from the sectoral approach
for this sector presented in the diagrams. These percentages are respectively 55%, 61% and 72% if international fuel reservoirs are excluded
from the analysis. Zone-based diagrams are available in annex for the year 2000 with a baseline approach for each share representing a GHG.
20 The estimates are those obtained by Houghton (2003). Cf Box | for classification of the data according to their uncertainty.
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this sector is a real challenge for the world in terms of global warming as a second net emitting
"sector", this is not the case for the Mediterranean region. The estimate for the NMCs even
reveals a low net storage originating from land use change and forestry (LUCF).

Figure 3 - Global GHG emissions in 1990, 1995 and 2000 as per gas, million TECO2.
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Source: Plan Bleu computations and formatting after WRI CAIT data for 2000.

Notes: The 1990 estimate of the aggregate “CO2, Energy and Industrial Process” is skewed downwards due to missing countries. The sectoral
approach adopted for the CO2 energy tends to slightly downplay its shate in the breakdown of gases, but does not affect the dynamics compared. The
non-CO2 gases are the “national totals” not derived from a sectoral summation, contrary to sub-Part 2.2. Anthropogenic GHG emissions standardised
as CO2 equivalent (global warming power over 100 year, IPCC tecommendations [1996]). Plan Bleu percentages and formatting based on data for
2000 provided by the on line WRI CAIT interface. The data sources used by the CAIT base are available in annex. Attention is called to the extent of
uncertainty of the master data included in a box (cf. Box 1). Particular reserve needs to be made with regard to the sector “Land Use Change and
Forestry — LUCF” (Houghton estimates, 2003) whose estimates are liable to differ. Besides, error margins are high. The sector “International fuel
reservoirs” is included in the diagram for the sake of information only. This sector should appear separately as recommended by IPCC; its presence
belongs here within a global and regional vision of GHG emissions. The data “CO2, Energy and Industrial Process” do not integrate this presentation
of the international fuel reservoirs given on the right hand side.

Figure 4 - GHG emissions of the SEMCs in 1990, 1995 and 2000 as per gas, million TECO2.
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Figure 5 - GHG emissions of the NMCs in 1990, 1995 and 2000 as per gas, million TECO2.
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Source and note : Cf. Figure 3. In 1990, the carbon dioxide due to energy is not available for Croatia, Bosnia-H. and Serbia-M. In 1995, these three
countries accounted for 5% of the total carbon dioxide emissions due to energy use of the NMCs. The 1990 estimate of this aggregate is, therefore,
skewed downwards.

e Methane emissions are constant for the five-year data of the 1990s for the world and the NMCs,
while these data have significantly increased for the SEMCs. Nevertheless, the SEMCs share with
the “world” a quantity of methane which ranks this gas as the second GHG of anthropogenic
origin for these two zones.

e Nitrous oxide emissions remained stable during the baseline period. Only the NMCS reported a
very slight decrease of these emissions. However, they still constitute the only zone among the
three zones studied for which nitrous oxide is in 2000 the second source of GHG emissions.”

e Fluoride gases emissions [here, HFCs, PFCs and SF6] are significant in the NMCs, while they
remain marginal in the global emissions and even more so in the SEMCs. However, these gases
generated by industrial processes report significant growth in the world and the SEMCs. Overall,
hydrofluorocarbons (HFCs) constitute the most dynamic share in the fluoride compounds, this

observation rests particularly on the fact that HFCs constitute a substitute for CFCs and
HCFCs.”

Box 1 - Information on the data
Sources, methodology, uncertainty, estimates and scenarios
Sources:

The data of this study relating to the period 1850-2003 are mainly mined in or derived from the quantified estimates
provided by the World Resources Institute [WRI], and, in particular, its climate related tool entitled « Climate Analysis
Indicator Tool » [CAIT]. The online version 4.0 of this tool is used for Part | (WRI, 2005b). Parts Il and Ill rely, in their turn,
on those of version 5.0 (WRI, 2007a ; WRI, 2007b) [http://cait.wri.org/], which allows a detailed analysis covering the year
2004. The “CAIT-Exceld” module is also used for the historical carbon dioxide emissions. The statistical modules compile non
official sources of GHG emissions, which need to be distinguished from the inventories and communications prepared by
the countries within the framework of the Kyoto Protocol. The compiled sources are international references, and a
conciliation has been conducted by CAIT between geographical and time cover, as well as qualitative level of the data.
The six sources used are the following: IEA [International Energy Agency], AEA [American Energy Agency], Houghton
[Author of biomass derived estimates], CDIAC [Carbon Dioxide Information Analysis Center, USA, Tennessee], EDGAR
[Emission Database for Global Atmospheric Research, The Netherlands] and EPA [American Environment Protection
Agency]. Very few estimates have been conducted by the WRI itself. Each source covers particular gases and, sometimes,
periods®.

2 The two main components of GHG are in general CO2 energy and CO2 biomass or methane.
22 Gases whose use was prohibited by the Montreal Protocol in 1987 owing to their effect on the ozone layer. The European legislation on the
matter does not have an equivalent in the Southern and Eastern Mediterranean Countries (SEMCs).
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Methodology:

The GHG emissions of Part | are analysed on a regional basis, with aggregates whose precise content is specified in annex.
The main European aggregates are the EU-27, the EU-15 and the 12 new EU member countries since 2004. In the
Mediterranean, the Northern Mediterranean Countries (NMCs) and the Southern and Eastern Mediterranean Countries
(SEMCs) make up the whole “Mediterranean”. A sub-regional and country-based analysis is included in Parts Il and Il of the
study, with, in particular, the emergence of the FEMIP aggregate, and hence of Jordan.

The historical carbon dioxide emissions are estimated based on a baseline approach (the supply of commercial energies is
weighted for each type of energy in order to obtain a corresponding total carbon dioxide emission). The carbon dioxide
emissions of Part | in 1990, 1995 and 2000 included in the GHG analysis are approached from a sectoral point of view,
especially in the part related to energy use. The historical time series of carbon dioxide emissions were initially expressed
in carbon unit. They have been converted into carbon dioxide unit in order to ensure consistency of account units in this
study (the conversion factor is 44/12). The CO2 emissions of Parts Il and lll rest on a sectoral approach.

Finally, the CAIT GHG emissions data are expressed in terms of carbon dioxide equivalent according to the global warming
power of each gas for a duration of 100 years, in conformity with IPCC recommendations (1996).

Uncertainty and reliability:

CAIT provides indications with regard to the relative level of uncertainty of the data on GHG emissions. Thus, it is possible
to deduce that the uncertainty of the data presented narrows down according to the following order: carbon dioxide
emissions due to land use change and forestry (LUCF), nitrous oxide emissions, methane emissions and, finally, carbon
dioxide emissions due to the sectors and related to energy use. Fluoride compounds** (HFCs, PFCs and SF6) are also
inventoried and are presented under the same label. Geographic and time cover, as well as the quality of the data, are
better in developed countries than those in developing countries. Particular care must be granted to perusing the nota and
footnotes annexed to the figures, graphs, tables and diagrams (charts) so that the approaches to and content of the data
presented should appear clearly to the reader.

Plan Bleu estimates and baseline scenarios:

In Part | of the study, the global and regional series related to the carbon dioxide emissions due to energy use have been
estimated for the years 2004 and 2005, as well as complemented with their baseline scenarios where available. MEO
[Mediterranean Energy Observatory, 2006] data have served as a basis for the Mediterranean regional data 2004 and 2005,
as well as for this region’s baseline scenarios. European Environment Agency (EEA) data are used for the 2004 and 2005
data of European zones. The World Energy Outlook 2006 and IEA [2007, “CO2 emissions due to energy combustion”] supply
global data respectively for 2004 and 2005. The WEO 2006 source also allows an estimate of the baseline scenario 2015 for
the EU-27. The estimates, as well as the baseline scenarios, have been incorporated in the master data based on the
applied variations method.

* Cf. annexes for a precise distribution of the data according to their function and their source of origin. ** CAIT does not
classify the degree of uncertainty and reliability related to these gases.

2. BREAKDOWN OF GLOBAL AND MEDITERRANEAN GHG EMISSIONS IN
2000

2.1. Geographical breakdown of global GHG and CO, emissions

2.1.1. The Mediterranean emits 6.5% of the global GHG emissions

China and the USA accounted, together, for 27% of the global GHG emissions® in 2000** (cf.
Figure 0). In the same year, the Euro-Mediterranean region, composed of the EU-27 and the
remaining Mediterranean countries, accounted for 15% of GHG emissions. In terms of emissions,

23 The global GHG emissions considered as the sum of carbon dioxide gases, methane, nitrous oxide and fluoride compounds are distributed
geographically in the world and the Mediterranean as presented in Figure 6.
24 Cf. notes of Figure 6 and Box | for further details on the data used.

3-16



PART 1 Climate change in the Mediterranean: scientific knowledge, impacts and green house gas emissions
CHAPTER 3 Carbon Dioxide emissions from energy use in the Mediterranean economies: trends and pattern

this region is dominated by the non Mediterranean countries of the EU [EU-20] which, thus,

accounted in 2000 for 8.3% of the world total, while this same share of emissions originating from
Mediterranean countries, i.e. the NMCs and the SEMCs, stood at 6.5%.

Figure 6 - Global breakdown of anthropogenic GHG emissions, TECO2, year 2000. World total emissions of 42 billion
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Source: Plan Bleu computations and formatting after WRI CAIT data for 2000.

Notes : Percentages related to anthropogenic GHG emissions standardised as CO2 equivalent (global warming power over 100 years, IPCC
recommendations [1996]). Plan Bleu estimates based on aggregated data for 2000, as provided by the on line WRI CAIT interface. The data are
derived based on a sectoral approach (particularly for non CO2 gases). Emissions due to land use change and forestry - LUCF (Houghton, 2003) are
included, subject to reserve on estimate uncertainty. This sectoral approach tends to underestimate the total non CO2 gas emissions, particulatly for
the SEMCs. International fuel reservoirs are also incorporated in the data presented.

2.1.2. The Mediterranean accounts for 8.2% of the global CO, emissions due to
energy use

Carbon dioxide, the main GHG, originates from the sector of energy use, industrial processes® and,
finally, from land use change and forestry (LUCF).** The focus, here, will be exclusively on the
“World” and “Mediterranean” breakdown of CO, emissions due to energy use.

Figure 7 - Global breakdown of CO2 emissions due to energy use, TECO2, year 2000. World total emissions of 23 billion
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Source : Plan Bleu computations and formatting after WRI CAIT data for 2000.
Notes : CO2 emissions due to energy use in 2000. Plan Bleu estimates based on CO2 emissions due to energy use (sectoral approach, also comprising
gas flaring and venting) as provided by the on line WRI CAIT interface. International fuel reservoirs are excluded.

The geographical origin of the world carbon dioxide emissions due to energy use (cf Figure 7) is
more concentrated than that of GHG emissions. Indeed, the triptych [USA - China27- Euro-

25 The origin of carbon dioxide emissions in industrial processes here concerns only cement manufacturing.

26 There may be added to this list the international fuel reservoirs which are often considered separately as recommended by IPCC.

¥ The case of China is to be taken with caution and, in particular, the global shares which are ascribed to this country. Indeed, the strong
economic growth of this country and its type of energy supply cause its global share to report a quick rise. While its share in CO2 energy was
slightly lower than 3% in 2000, in 2005 this global share is driven upwards to about 19% (IEA 2007, sectoral approach).
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Mediterranean region | accounts for 58% of the world total (as against 42% for GHG). This
increase in their respective shares is due especially to the fact that these countries share the common
characteristic of having very low carbon dioxide emissions originating from land use change and
forestry (LUCF).” Thus, the share of the Euro-Mediterranean region as a whole is of 20% of the
world total carbon dioxide emissions related to energy use (as against 15% for GHG). The share of
the NMCs and the EU-20 is, therefore, of 17.2% in total, while the SEMCs accounted in 2000 for a
mere 2.6% of the wotld total. Nevertheless, this low world share of the SEMCs must be seen in
view of the key elements of the strong trend dynamics brought out in parts [ 1.2 ] and [ 1.3 ] for this
zone.

2.2. Breakdown by sector and by gas of GHG emissions

The GHG emissions described in this chapter may be traced back to human action. The GHG
emissions in the year 2000, latest year available, are given in this Part” according to their sector of
origin. The sectors considered are energy, land use change and forestry (LUCK), agriculture,
industrial processes and wastes. The sector related to land use change and forestry (LUCF) and that
of international fuel reservoirs have only carbon dioxide emissions inventoried by CAIT. The other
sectors have diversified gas emissions, with the extreme case in this regard being the industrial
processes sector which by its nature and its diversity ends up emitting the four major gases
inventoried: carbon dioxide, methane, nitrous oxide and fluoride gases [here, HFCs, PFCs and SF6 |.

Diagram 1 - Breakdown by sector and by gas27 of global GHG emissions in 2000, %o of total emissions (41641 million
TECOy)
Secteurs ' Gaz

Autre combustion de carburant

2 These CO2 emissions result from the aggregation of the sectoral approaches and can slightly differ from the estimates by the method of
reference. The share in the world total of the United States also leaps owing to the fact that its non-CO2 emissions are low.

% Houghton estimates (2003).

% Cf. the various notes and Box | for details on the data and the approaches adopted.
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Diagram 2 - Breakdown by sector and by gas27 of GHG emissions in the SEMCs in 2000, %o of total emissions (941
million TECO,)

Secteurs Gaz

Autre combustion de carburant

Emission fugaces

Processus industriel

Diagram 3 - Breakdown by sector and by gas27 of GHG emissions in the NMCs in 2000, % of total emissions (1757
million TECO;)
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Source of diagrams 1, 2, 3 : Plan Bleu computations and formatting after WRI CAIT 4.0 data for 2000

Notes to diagrams 1, 2, 3 :

* Methane and nitrous oxide emissions are not available for the industrial processes and fugitive emissions sector for the SEMCs zone. This non
availability tends to undervalue the share of these two gases in the total GHG. Based on a baseline method, the respective shares in 2000 of methane
and nitrous oxide are, for the SEMCs, of 19% and 10%. The nitrous oxide generated by the sector of fugitive emissions is not available for the NMCs;
this skew does not modify significantly the breakdown by gas of NMCs emissions. A breakdown by gas of the emissions based on a baseline
methodology (useful for the SEMCs) is available in annex.

The percentages presented in the diagrams relate to anthropogenic GHG emissions standardized as CO2 equivalent (global warming power over 100
years, IPCC recommendations [1996]). Plan Bleu percentages and formatting based on data for the year 2000 provided by on line WRI CAIT 4.0
interface. The sectoral data sources used by the CAIT base are available in annex. Caution is called as to the degree of uncertainty of the master data to
which a Box is dedicated. A particular reserve needs to be mentioned with regard to the sector "land use change and forestry — LUCF” (Houghton
estimates, 2003) whose estimates may differ; besides, error margins are high. The "International fuel reservoirs” sector is included in the diagram for
the sake of information only. This sector should appear separately, as IPCC recommends; its presence belongs here within a global and regional vision
of GHG.
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Based on the gas composition of the emissions of each sector, it is possible to deduce a global and
regional breakdown by gas31 which is characterized as follows:

Whether for the "world", the SEMCs or the NMCs, carbon dioxide represents over 70% of the
total GHG emissions. It is the most significant GHG of anthropogenic origin. Methane is
particularly present in the SEMCs; it is usually found in rather agricultural countries, and its
emissions vary according to the type of agticulture.”® Nitrous oxide is, in relative terms, strongly
present in the NMCS, since it constitutes the second emitting gas in this zone before methane. It
is produced during the use of fertiliser in agriculture and in cases of incomplete combustion.

The SEMCs and the NMCs have GHG emissions that are more related to energy use. In
proportion, they are more significant than the global baseline situation. This is partly due to the
absence of anthropogenic emissions resulting from land use change and forestry in the
Mediterranean.

Industrial processes proportionally account for more emissions in the Mediterranean than in the
rest of the world. This observation is mainly due to regional emissions generated by the industrial
process of cement making (Cf. Box 2). Thus, in the SEMCs, the phenomenon of decarbonation
inherent in the manufacture of cement accounted in 2000 for 5% of the total GHG emissions of
this zone. These emissions in the SEMCs increased by 57% between 1990 and 2000.

Similarly, the transport sector in the Mediterranean is a highly CO2 emitting sector, with a
particular large growth in the NMCs, caused primarily by the level and pattern of development
of these countries. The NMCs also share a common characteristic: a "other fuel combustion"**
sub-sector which is markedly more imposing than the “world” as a whole or even than that of
the SEMCs.

Within the framework of a brief analysis of the emissions related to energy use, it is also worth
pointing out that fugitive emissions® in the SEMCs constitute a highly emitting sector. The
fugitive emissions of this zone are dependent on the existence of energy producing, and
sometimes exporting, countries.

Besides, whatever the zone presented, the energy mix sector ("electricity and heating"), which
emits only carbon dioxide, represents on its own a quarter of the GHG emissions in 2000.

The SEMCs also have a relatively oversized wastes sector, with the methane emissions resulting
therefrom. The latter are primarily due to unregulated burning and decomposition of wastes.

3bid.

32 This gas is also present in the wastes sector, as well as in countries exporting products related to energy use, two highly emitting sectors in
the SEMCs.

33 This increase for the SEMCs between 1980 and 2003 is 204%. In the Mediterranean and in the year 2000, 45% of the CO2 emissions resulting
from the phenomenon of decarbonation during cement making are generated by the SEMCs. The increase rate of the emissions of Egypt
generated by this phenomenon is about 10% per year between 1980 and 2003. This growth rate is close to that reported by China over the
same period. The production of cement also requires large quantities of energy. In 2000, Egypt and Turkey produced, each of them, more
cement than France. China would produce, by 2010, half of the world cement. [ Sources of the data: WRI CAIT and Mineral Commodity
Summaries (u.s.g.s, various years)]. Cf. Box 2 for additional items on the issue of the emissions resulting from decarbonation ascribed to
cement industries in the Mediterranean.

3 This sector contains, in particular, part of the emissions of the residential sector and commercial and institutional activities. These three
entities emit primarily CO2. For further details on the contents of the sectors, refer to Part Ill, as well as to the WRI CAIT document (2005).
35 Fugitive emissions generated by oil and gas energy systems, of which technical flaring and venting of gases.
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Il. REGIONAL AND COUNTRY TRENDS: BREAKDOWN OF
CO; EMISSIONS DUE TO ENERGY USE

This Part analyses the CO2 emissions due to energy use. The key elements of this analysis are as follows:

. With 1393 MTCO2 emitted in 2004, the NMCs reported an increase by 18% of their CO2 emissions due to energy use
between 1990 and 2004.

. The SEMCs emissions reckoned in 2004 as amounting to 663 MTCO2 increased by 58% over the same period. This
growth rate exceeds by twenty points the global growth rate.

. Per capita CO2 emissions in the Mediterranean (4.6 TCO2/inh) display a marked heterogeneity in their levels;
accordingly, this indicator reveals ratios of over 2.5 between the NMCs indicator and that of the SEMCs. This ratio may be
as high as 7 between two riparian countries. Overall, in the Mediterranean, per capita emissions reported a 10% growth
between 1990 and 2004.

. The breakdown of carbon intensity of Mediterranean economies is more even than that of per capita emissions, and
fairly little correlated with the economic development level. In 2004, the SEMCs emitted 464 TCO2 due to energy per
million dollars of GDP (PPP, 2000), which represents a drop by 2% over the observed period. The SEMCs and the FEMIP
countries, thus, reported a slight drop in their Cl, which was, in addition, lower than that of the NMCs.

. The analysis proposed helps highlight the low relative impact, in the Mediterranean, of the energy intensity and fuel
mix factors on the past variation of emissions. The latter results in the Mediterranean, and particularly in the NMCs, from
an increase in per capita wealth. Population growth is also an overriding factor for the region as a whole, but more
particularly in the SEMCs, where this factor holds dominant position. The SEMCs thus have a factor contribution profile
contrary to that observed for the world as a whole.

1. TOTAL AND PER CAPITA CO, EMISSIONS DUE TO ENERGY USE

1.1. Total emissions: High increase in the SEMCs

The greenhouse gas (GHG) emissions presented in this Part are carbon dioxide emissions due to
energy use. The analysis is focused on CO, emission levels in the Mediterranean basin and their
variations between 1990 and 2004.

CO, emissions related to energy use in the Mediterranean reported, on the whole, an increase by
28% between 1990 and 2004 (Cf. Table 2). Such a high rise remains nevertheless lower than the
global growth rate. This Mediterranean trend applies both to the NMCs and to the SEMCs.
Nevertheless, while the two rims of this basin are net contributors to the rise, the SEMCs are
characterized by a trend that is twenty points higher than the global growth rate of these emissions.
In terms of absolute contribution to the rise, SEMCs have also exceeded the NMCs over the period
observed (Cf. Figure 15). The SEMCs thus constitute one of the many regions of the world
sustaining the global growth of CO, emissions due to energy. The year 2001 (economic recession
year) was the only year of decrease in emissions for this region. The aggregate of the FEMIP
countries is similar to that of the SEMCS over the studied period.

The NMCs emitted in 2004 about 1400 TCO, due to energy use, as against 663 TCO, ascribed to
the SEMCs. The CO, emissions trend specific to the NMCS is less linear than that of the SEMCs.
Nevertheless, the observable decrease over the period 1990-1994 is mainly due to the situation
which then prevailed in the Eastern Adriatic Countries (EACs). Thus, the countries of the EU-Med7
reported a drop in their emissions only in 1993 (economic recession year). The twelve new EU
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member countries since 2004 have, in their turn, reported a drop in their total emissions over the
period, even though this fall seems today to experience a stoppage. After a decade of structural
changes that affected these countries, the latter emit today as much as the SEMCs as a whole.

Figure 8 - Regional trends in CO2 emissions due to energy, 1990-2004, million TCO2.
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Source: Plan Bleu computations and formatting after WRI CAIT 5.0 data

The emissions growth dynamics is differentiated for the NMCs and the SEMCs. While the
Mediterranean has, like the NMCs and the EU-Med7, reported a higher growth of these emissions
between 1997 and 2004 than between 1990 and 1997, the opposite is obviously true for the SEMCs.
The slackening of relative growth over the period is particularly marked for the Eastern
Mediterranean rim countries (EMCs).

Italy (22,5% of the total emissions of the region), France (19%) and Spain (16%) are, respectively,
the major contributors to the CO, emissions resulting from energy use in the Mediterranean. The
fourth emitting country, Turkey, is a SEMC with more than 10% of the emissions of the
Mediterranean basin in 2004. Spain for the NMCs, the countries of Mashreq, together with Jordan,
are the countries which reported a high growth of their emissions due to energy use. The EACs,
France, Italy and Malta--for the NMCS—, and Algeria and Libya—for the SEMCs—are countries
for which one observes either decreases (for the EACs) or fairly more moderate rises than the
region as a whole.

3¢ The annual growth of emissions for this zone is 5.3% between 1990 and 1997 and 2.2% between 1997 and 2004. These figures are,
respectively, 0.9 % and 2.1% for the EU-Med7. These shifts are mainly due to a slackening of growth of the emissions of Turkey, for the EMCs,
and an acceleration of growth of emissions in Italy, for the results relating to the EU-Med7.
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Table 2 - Absolute emissions and per capita emissions of CO2 due to energy use by region and country, 2004 values and
recent evolutions

émissions absolues émissions par téte
Pays et Régions 1,004 miions vu::[‘;z‘:zu w:::(:‘::u E“;S;“:‘“S 2004, tonnes vaziﬁffies
de “‘C“S;S de | emissions, | emissions, | Méditerranée d;COZ par | émissions par
’ 1997-2004,% | 1990-2004, % =100 abitant ‘eztg(')ff/?'

Albanie 5 234.,5 -22,5 0,2 1,5 -18,1
Algérie 85 14,5 23,5 4,1 2,6 3,5
Bosnie-Herzégovine 16 81,1 -50,8 0.8 4,2 -45.8
Chypre 7 26,0 79,1 0,3 9,3 40,4
Croatie* 21 18,4 30,0 1,0 4.6 31,9
Egypte 142 48,7 74,5 6,9 2,0 33,8
Espagne 330 35,7 59,0 16,0 7,7 44,6
France 387 6,3 8,9 18,8 6,4 2,1
Greéce 94 18,2 33,0 4,6 8,5 22,2
Israél 62 22,5 85,3 3,0 9,2 26,9
Italie 462 12,5 16,1 22,5 7,9 13,2
Jordanie 17 27,5 81,4 0,8 3,1 7,5
Liban 15 -1,9 139,5 0,7 4,3 85,5
Libye 45 11,8 23,7 2,2 7,9 -6,6
Malte 3 2,4 10,5 0,1 6,2 -0,9
M aroc 36 36,7 81,0 1,7 1,2 45,2
Serbia-M onténégro 53 -0,8 -32,1 2.6 6.6 -11,6
Slovenie 16 1,3 24,8 0,8 7,8 249
Syrie 48 16,1 51,5 2,3 2,6 4,7
Tunisie 21 24,9 70,1 1,0 2.1 39,7
Turquie 210 15,9 62,8 10,2 2,9 28,5
UE-Med7 1298 15,8 23,6 63,1 7.4 16,4
PEA** 95 16,5 30,0 4.6 4.8 -18,0
PRE 335 16,1 67,2 16,3 3.4 27,7
PRS 328 30,0 50,3 15,9 2,2 17,3
FEMIP 425 27,7 61,9 20,7 2.4 23,4
PSEM 663 22,6 58,4 32,3 2,6 22,5
PNM 1393 15,9 17,5 67,7 7,1 13,3
M éditerranée 2056 18,0 28,2 100,0 4,6 9,9
12NPM-UE27 708 -9.,5 -20,6 34,4 6,8 -18,0
UE27 4034 3,3 0,6 196,3 8,3 -2,8
Monde 28228 16 38,9 1373.3 4.4 14,8

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data
Notes : * CO2 emissions for 1991, not for 1990, are used for the computations related to Croatia. ** The EACs 1990 aggregate used in the
computations has been estimated.

1.2. Per capita emissions three times higher in the NMCs than in the
SEMCs

CO, emissions [due to energy use] per capita (i.e., per inhabitant) are an additional indicator allowing
passage from gross aggregates of emissions per region or country to a demographic vision of these
same emissions. The population level of the Mediterranean basin countries and zones varying
widely”, the large emitting countries per capita are not the large emitting countries in absolute value.
Opverall, the levels of per capita emissions are relatively dependent on the level of per capita income.
Nevertheless, this relation is imperfect.

The per capita CO, emissions related to energy use are, in the Mediterranean (4.6 TCO,/inhabitant),
very close on average to those observed for the whole of the world. Per capita emissions are, in
2004, 2.7 times higher in the NMCs than in the SEMCs™ and they are close in level in the NMCs

37 Extreme examples in terms of population level of the sample of countries presented in Table 2 are Turkey, with 71 million inhabitants, and,
conversely, Malta with 0.4 million inhabitants in 2004.

38 Total GHG emissions per capita would lead to a slight rise of the SEMCs in the classification presented in Figure 9. Indeed, the SEMCs emit a
larger share of non-CO?2 gases than the NMCs (Cf Diagrams 2 and 3).
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and in the "12NMCs-EU-27"." Israel and Libya are the only two SEMCs having per capita
emissions higher than the NMCs average. Cyprus and Israel are the Mediterranean countries which
emit most CO, per capita, while Albania and Morocco stand on the opposite end of the scale for
these same emissions. A 7-point ratio separates the per capita emission values of these two types of
emitting countries. The Eastern Adriatic Countries (EACs) constitute, in view of this indicator, an
intermediate set between the countries of the EU-Med7 and the SEMCs. On sub-regional level, per
capita emissions are higher in the Eastern Mediterranean Countries (EMCs) than in the Southern
Mediterranean Countries (SMCs).

In dynamic terms, the rise in per capita emissions in the NMCs (13%) between 1990 and 2004 was
lower than in the SEMCs. Nevertheless, the heterogeneity of the variations is high within the sub-
regions themselves. Thus, the rise in per capita emissions in Spain (45%) stands at the extreme end
of that observed in France (2%) and exceeds the growth observed in the large majority of the
SEMCs. Conversely, the EACs (except for Croatia) reported a significant drop in their per capita
emissions, like—but also to a larger extent—some SEMCs, such as Libya and Algeria.

All in all, the per capita emissions of the Mediterranean increased by 10% between 1990 and 2004.
This increase is much higher than that of the EU-27 (-2.8%). Nevertheless, this growth is lower than
that of its two sub-regions, the NMCs and SEMCs observed separately * and a little less constant
than the global growth of this same indicator.

Figure 9 - Absolute emissions (right hand side scale) and per capita emissions (left hand side scale) of CO2 due to energy
use by region and country in 2004.
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Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data

3 The 12 New Member Countries of the EU-27 since 2004.

0 This rather surprising feature is the result of a relatively modest increase in emissions in the North (with a mass of CO2 emissions mainly in
the North) and of a relatively significant population growth in the South (with a balanced population mass between North and South in 1990).
This result is possible because the per capita emissions of the Mediterranean are the result of a ratio made up of the countries of the North
and of the South Mediterranean.
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2. CARBON INTENSITY OF ECONOMIES, WEALTH AND DEMOGRAPHY:
TRENDS AND RESPECTIVE RESPONSIBILITIES

2.1. Carbon intensity of the economies: Towards a decarbonisation?

Carbon intensity of economies is defined as the ratio between the CO, emissions of a country and
its GDP. It measures the capacity of the countries to generate economic wealth in view of their CO,
emissions due to energy use. In this study, the production of goods and services of the countries and
regions is evaluated in purchasing power parity (PPP, international dollars 2000) in order to
facilitate international comparisons.

Several factors are likely to influence carbon intensity. The structure and the specialization of the
economies, as well as the levels of energy efficiency, are the main elements which determine the
primary energy consumption levels in relation to production levels. Besides, the carbon content of
the energy sources used by the countries in order to meet their needs constitutes an explanatory
factor of the observed level of carbon dioxide emissions due to energy use. In this chapter, we
extend the term “fuel mix” to cover the resultant of the choices of primary energy supply in terms
of CO,. Indeed, the use of oil, natural gas, coal, nuclear power or renewable energies implies quite
differentiated carbon emissions. The carbon intensity (CI) of economies, the energy intensity of
economies (EI) and the "fuel mix” (FM) may be defined and structured as follows:

CO2  Energie o CcO2
PIB PIB Energie
[1C = IE x ME]

©)

PIB = GDP; Energie = Energy; IC = Carbon intensity; IE = Energy intensity; ME = Fuel mix.

The carbon intensity of Mediterranean economies stands on average at a level much lower than the
wortld situation. This observation is due at once to lower EI and FM (cf. Table 3). The level of
carbon intensity of the NMCs (308 TCO,/million $ 2000 PPA) is lower than that obsetved for the
SEMCs (464). This disparity is due at once to a differential in the composition of the “fuel mix” and
in the levels of energy intensity.
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Figure 10 - Absolute CO2 emissions due to energy use (right hand side scale) and carbon intensity of the economies (left
hand side scale) by region and country in 2004.
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The carbon intensity of the economies seems, nevertheless, to be fairly little correlated with the level
of economic wealth. The Mediterranean basin attests to it (cf Figure 10 and Table 3). The major
NMCs are the countries having a carbon intensity among the lowest in the Mediterranean; on the
other hand, countries like Morocco or Tunisia stand at their level. These two countties have low
energy intensities of their economies, due in particular to the respective specialization of their
economies, to a strong energy constraint (case of Tunisia) or to low levels of per capita consumption
(case of Morocco).

Serbie-h &

The carbon intensity of the Mediterranean economies has decreased over the past fifteen years. This
decrease (-6.8%) remains, however, less significant than the global or European reduction (-24.2%).
Overall, the relative composition of the decrease is different in the Mediterranean. Indeed, the
decrease in the Mediterranean of carbon intensity is mainly due to a less carbon intensity of the
primary energy supply, while, for the EU-27, the variation of the EI and FM is equivalent. Overall,
for the world, the drop in the energy intensity of the economy justifies the reduction in carbon
intensity. The decrease in the value of the "fuel mix” in the Mediterranean is mainly due to the
contribution of natural gas in the energy supply whose share passed from 15% to 24% between

1990 and 2004."

On Mediterranean level, the NMCs and the SEMCs have, on the whole, reported over the period
1990-2004 a reduction in the three indicators observed (cf Table 3). The decrease in CI is higher in
the NMCs than in the SEMCs. The NMCs display a constant fall of the "fuel mix” driven by France
and Italy, while, on the contrary, Spain reported a significant positive movement affecting the two
components of the CI. In the SEMCs, 20% CI rises (Morocco) stand alongside with decreases of
the same magnitude (Syria). While EMCs and SMCs aggregates of CI are down by about 2%, the
EMCs (in particular, Israel) present a dwindling FM (i.e., an increasing CI); on the other hand, for
the SMCs, energy intensity (in particular, Morocco) increased between 1990 and 2004.%

4 MEO data (2008).
“2 MEO data (2006).
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The figures lead to the conclusion that decarbonisation of Mediterranean economies is in a
embryonic stage. Differences, which are sometimes significant, remain between the economies of
the same Mediterranean rim, thus revealing the countries’ individual energy challenges, constraints
and policies. Positive trend elements, such as natural gas penetration, must be accompanied by
proactive economic and sectoral policies.

Table 3 - Absolute CO2 emissions due to energy and catbon intensity (CI) of the economies by region and country, 2004
values and recent trends

Intensité energétique "Mix énergétique” Intensité carbone
(Energie/PIB) {(CO2/Energie) (CO2/PIB)

Pays et regions 2004, Ke variation variation v ariation 2004, TCO2

par KS 2000 | 1997-2004, | 1990-200%, 205;. ESDOE 1997-2004, Var;aut'uﬂﬂ ;1990 " g‘u"é%":nde "arfut'u‘]: ;fg?'“aré%t'u‘]: ;ﬁggu

en PPA % % % A

Albanie 169 469 -37 1 2.0 387 -12.8 342 103,8 -45,2
Algérie 168 5.8 -3.4 2,6 9.2 -10.4 431 -14.5 -13.5
Bosnie-Herz.* 188 16,9 -24.0 3.9 9.6 39,3 650 23,1 5,9
Chypre 175 1.0 1.0 2,6 1.3 9.2 462 -2,7 6,3
Croatie* 178 -11.1 -11.4 2.3 5.7 2.4 a7 -6,0 9.3
Egypte 209 8.7 2.1 2.5 2.5 -2,1 522 11,4 0.1
Espagne 140 1.6 5.0 2.3 29 1,8 325 4.5 6.8
France 169 5.7 5.8 1.4 -4.7 -10,1 238 -10.1 -16,2
Grece 137 2.0 8.9 3.1 -2.8 -3,2 421 -11.5 -11,8]
Israél 137 -1.8 4.3 3.0 4.3 8.2 411 2,4 3.6
ltalie 124 2.6 3.1 25 -0.8 -6,9 311 1,8 4,0
Jordanie 260 2.6 -10,2 2.6 6,3 -2,6 665 -8,7 -12,6
Liban 307 -20,3 2.2 2.8 -0,9 2.5 870 -21,0 0,2
Libye* 520 20,0 20,0 25 15 21,5 1289 21,9 21,9
Malte 135 -14.6 -26.3 2.8 7.3 -5.8 372 -8,4 -30.6
Maroc 95 1.3 13,1 3.1 9.0 6,3 295 4,3 20,2
Serbie* 741 <4.5 4.4 3.0 -3,8 -5,3 2219 -8,1 1.1
Slovenie™ 188 -16,6 9.6 2.2 -6.4 -5,4 409 -21,9 -14.5
Syrie 300 0,2 16,7 26 -4.8 -4.1 785 -4.6 -20,1
Tunisie 121 1.3 17 1 2.4 5.0 8.2 286 -10,1 -10,3
Turquie 163 -9 5.5 26 0.4 5.3 417 -4.5 0.4
UE -Med7 146 -1,9 -1.4 2.0 0.6 -4.7 204 -2.4 5.1
PEA*" 209 a7 8.8 2.8 0.2 3.9 842 -9.9 5.3
PRE 173 1.4 5.8 2,7 0.3 4.5 458 -4.1 -1.9
PRS 184 1.3 4.3 26 -16 -6,6 471 -0,3 2,7
FEMIP 176 0.3 -1.4 2.6 -1.7 -1,8 464 -2,0 3,2
PSEM 178 -1,6 0.9 26 0,7 -1,3 464 -2,3 2.2
PN M 150 -2 .1 -3,0 2.1 0.5 -7.8 308 -2,6 -10.5
Meditermnee 156 -1.8 -1.8 2.2 -0.3 -5.1 345 -2.1 5,8
12NPM-UE27 219 -25,8 -28.8 2,6 -1,9 -13.8 577 -29.4 -38.6
UE 27 159 -10,3 -15.5 272 -2.9 -10,4 354 -12,9 -24,2
Monde 212 -10,8 -20,2 26 -0.8 8.5 543 -11,5 -13,4

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data

* Notes : For the countries and regions of Bosnia-H., Croatia, Serbia-M, Slovenia and EACs, the baseline year for the “1990-2004” variations is
1994,1992, 1993,1992 and 1994, respectively. The baseline year for Libya is 2000 for energy intensity and carbon intensity, while it is 1990 for the
“fuel mix”.

2.2. A ex-post breakdown of emission variations: The differentiated
weights of per capita wealth and of demography

The increase in CO, emissions due to energy use is the result of the interaction of several factors
and depends on the current, but also past, choices made by the players. This paragraph purports to
put forward a breakdown of CO," such as to allow assignment of a relative importance to each

* This analysis of the rise of emissions in the Mediterranean is focused exclusively on the rise of the CO2 emissions due to energy use, leaving
aside the non-CO2 GHG emissions and those due to LUCF CO2. The latter emissions are lower in the Mediterranean than in the rest of the
world in general and increase less quickly than the CO2 emissions due to energy use.
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economic, demographic, technical and energy factor to an observed variation of emissions. The
exercise herein proposed rests, in particular, on part of the article by Ang and Liu (2001). The
breakdown factors are in conformity with the stance elected by these authors with regard to the
possible factorial development of CO, emissions, applied to the case in hand. The exercise bears
similarity to the adaptation conducted by the WRI (2005).

Figure 11 - Relative levels (NMCs = 100) of CO2 emissions and of the breakdown factors for the NMCs, SEMCs and

FEMIP regions, 2004.
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Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data

This is contingent upon an initial vision of the leading factors. The factors™ at play, here, are per
capita wealth (pcW), population (P), energy intensity (EI) of the economy and “fuel mix” (FM).
Hypothetically, the results presented do not allow, for instance, a deduction of the impact of an
anticipated increase of one of the factors on the others or on the CO, emissions due to energy use.
The following formula sums up the ex-post development adopted with regard to the CO, emissions

due to energy use:
PIB E 1 2
* CO2 = ————x Population xwx&
Population PIB Energie

[CO2 = Rhx Px IE x ME]

)

PIB = GDP; Energie = Energy; Rh = Per capita wealth; IE = Energy intensity; ME = Fuel mix

In formula (2), the structural changes of the economy, such as dis-industrialisation of the economy,
a growth of the services sector or, again, increasing imports of carbon-rich manufactured goods (Cf
the works of [ Ahmad & Wyckoff | (2003)*) come to pass via the EI factor. Figure 11 recalls the
levels of CO, emissions related to energy use, as well as the relative levels of the four factors of three
Mediterranean zones. This reminder is useful, as the results presented here are focused exclusively
on the variation, expressed in percentage, of the variables between 1990 and 2004 of the regions and
countries studied.

Figures 12 and 13 illustrate the fact that the Mediterranean and the SEMCs, as well as the FEMIP
countries, do not report any factors presenting a high decrease over the period.

44 Cf. WRI (2007a), for the secondary sources of the data used.

* The question at issue is that of the approach to CO 2 emissions (by the consumption of goods and services, or by the production of the
latter) and of international trade. For instance, in 1995 in France, the emissions resulting from the consumption of manufactured goods were
15% higher than the emissions resulting from the production of this same type of goods [Ahmad &Wyckoff ] (2003).
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On the contrary, for the EU-27, the improvement of energy intensity (EI) and the evolution of the
fuel mix (FM) help to completely mitigate the increase in per capita wealth (measured in PPP) and
for the world as a whole; it is the decrease in energy intensity which reduces the potential increase in
CO, emissions. The significant decrease in the world energy intensity is particularly accounted for by
the high decrease of this factor for China.

Figure 12 et Figure 13 - Variation in %o by region and sub-region of CO2 emissions due to energy use and of the factors
issuing from the breakdown, variation 1990-2004.
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Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data
* Notes : For the EACs region, the baseline year for the variations is 1994, not 1990.

The profile of the variation of the factors for the SEMCs and the NMCs is rather different. The
South/ North convergence of per capita wealth of the Mediterranean countries is little or negative
according to the sub-regions compared. Nevertheless, the per capita wealth (pcW) of the SMCs did
not converge towards that of the NMCs or even towards that of EU-Med7. The situation of the
EMC:s is different since these countries have, on the whole, reported a six-point higher per capita
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growth rate over the period 1990-2004 than that of the EU-Med7 countries. Table 4* reveals that
the increase in per capita wealth is driven by Syria, Turkey and Lebanon in the EMCs, while in the
SMCs the relatively low increase in pcW is dominated by the lower growth in Algeria. The pcW
growth rate has, furthermore, increased in the NMCs over the period, while it has slackened in the
SEMCs.

La croissance démographique en Méditerranée du Sud (PSEM et FEMIP) est globalement forte.
Cette croissance a la particularité d’étre plus soutenue que la croissance de la richesse par téte. Cette
situation ne s’observe pas pour 'ensemble mondial. En Méditerranée, la croissance des émissions de
CO, peut dans le cadre de cette décomposition étre attribuée aussi bien a la hausse de la Rh qu’a
I'augmentation de la population. I’effet population domine dans les PSEM, alors que dans le PNM,
C’est leffet richesse par habitant qui est supérieur a une croissance tres limitée de la population.
Cette derniere est la méme sur 'ensemble de la période dans les PRE et les PRS. Les PEA ont quant
a eux connu un recul de leur population au cours de la période 1990-2004. Du point de vue des
pays, la croissance démographique a été trés forte en Jordanie (+69%), en Israél ou en Syrie alors
quelle a été quasi nulle en Italie et dans toute PUE27. En termes dynamiques, la croissance
démographique dans les PSEM a ralenti sur la période observée tout en restant a un niveau élevé,
alors que la croissance de la population dans les PNM s’est 1égérement accrue.

Les deux derniers facteurs, IE et ME, qui sont des facteurs techniques et énergétiques ont contribué
au Nord et dans une certaine mesure au Sud de la Méditerranée a2 modérer faiblement la hausse des
émissions de CO,. Ces facteurs n’ont pas eu I'importance décisive en Méditerranée qu’ils ont eu dans
les pays en transition d’Europe ou méme aux Etats-Unis. L’intensité énergétique des économies de
I'UE-Med7 a stagné alors qu’elle a largement régressé pour les pays de P'UE27. I’IE a méme
progressé pour 'Italie ou I'Espagne.

* The level variables of Table 4 are available for the year 2004 in Annex.
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Table 4 - Variation in % by country and region of CO2 emissions due to energy, and of the factors issuing from the

breakdown, variation 1990-2004.

Emisions de Richesse Intens ité M ix

Co2 liges & {FFA) par Fopulation, |énergétigue de| énergétigue
Pays etrégions I'énergis, habitant, varistion ©20- | réccnemis, {COZE),

variation 1990- | variation 1980- 2004 variation 1990- | variation 1990-

2004 2004 2004 2004

Albanie -23 49 -5 -37 -13
Algérie 23 12 28 -3 -10
Bosnie-H (1994)] 342 277 11 -24 39
Chypre 79 32 28 1 5
Croatie (1992) 34 49 -1 -11 2
Egypte 75 34 30 2 -2
Espagne 59 35 10 5 2
France 9 22 7 -7 -10
Gréce 33 39 9 -9 -3
Israél 85 23 46 4 8
Italie 16 18 3 3 -7
Jordanie 81 23 69 -10 -3
Liban 139 85 29 -2 2
Libye (2000)* 9 -18 8 20 2
Malte 10 43 11 -26 -6
Maroc 51 21 25 13 6
Serbia-M ({1993)* 32 73 -23 4 -5
Slovenie (1992)* 35 58 0 -10 -5
Syrie 52 31 45 -17 -4
Tunisie 70 56 22 -17 8
Turquie 63 29 27 -5 5
UE-Med7 24 24 6 -1 -5
PEA (1994)" 64 73 -11 -9 4
PRE 67 30 31 -6 5
PRS 50 20 28 4 -7
FEMIP 62 23 31 -1 -2
PSEM 58 25 29 -1 -1
PN M 17 27 4 -3 -8
Méditerranée 28 18 17 -2 -5
12NPM-UE27 -21 33 -3 -29 -14
UE27 1 28 3 -15 10
Monde 39 33 21 -20 8

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data
* Notes : For the countries and regions of Libya, Bosnia-H., Croatia, Serbia-M, Slovenia and EACs, the baseline year for the vatiations is 2000,
1994,1992, 1993,1992 and 1994, respectively.

Rational energy use (REU) policies lead in particular to a reduction of the EI of the economies,
while the development of non CO, emitting energies (REs or nuclear power) bring down the
measured value of the “fuel mix”. The result of the actions in both cases leads to a gradual
decarbonisation of the economies. The preceding results may lead to the conclusion that the
decarbonisation of certain Mediterranean economies starts, in particular, on the Northern rim, while
in many countries of the Southern rim, it is less significant. It must be borne in mind, however, that
these results do not mean that the energy development of one rim is more sustainable than on the
other. On the Northern rim, which reports better performance in terms of evolution of CI, per
capita emissions are still steadily on the increase. Moreover, the NMCs report lesser performance
than EU countries as a whole. A sectoral analysis of CO, emissions thus proves to be necessary in
order to complement the analysis of CO, emissions in the Mediterranean.
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Ill. SECTORAL ANALYSIS OF CO, EMISSIONS DUE TO
ENERGY USE

This Part presents the CO2 emissions due to energy use by sector. The key elements are the following:

. Emissions due to electricity and heating represent the chief CO2 emissions sector in the Mediterranean (37%). This
sector is, in the SEMCs, the prime absolute contributor to the increase. The increase of these emissions (+92%) exceeds, in
this region, the economic growth, though remaining less than the galloping pace of the growth in electricity production
(+142%).

. The CO2 emissions ascribed to the transport sector are fairly strongly connected with the level of wealth by
country. These emissions are thus particularly high in the NMCs and, more generally, in the EU-27. While these emissions
rank second in terms of total emissions in these two zones (29% in the NMCs), they account for the major part for the rise
in emissions between 1990 and 2004, with an extreme case for the EU-27. A linkage of these emissions with growth is
reported neither in the SEMCSs(+55%) nor in the NMCs (+30%).

. The industry and construction sector accounted for 20% of CO2 emissions in the SEMCs in 2004. The growth in the
direct emissions due to energy of this sector has been lower than in the preceding two: 11% in the NMCs and 46% in the
SEMCs between 1990 and 2004. Emissions continue, nevertheless, to increase, while the EU-27 has reported a marked
decrease in this type of emissions, which contributed to their global stabilisation between 1990 and 2004. Particular
attention must, in addition, be granted to the issue of cement production in the SEMCs.

. The CO2 fugitive emissions due to gas flaring and venting during gas or oil production are on a steady decrease in
the Mediterranean. These emissions are due to producing and exporting countries. Algeria accounts for over a half of these
Mediterranean emissions. Concurrently, the methane emissions due to the same phenomenon reported a high increase
between 1990 and 2004.

. The CO2 emissions due to “other fuel combustions” are mainly due to direct combustion of fossil energy by the
residential and commercial sector. These emissions are, at 70%, originating from the NMCs and are fairly related to wealth
level. The rise in these emissions is high in the SEMCs with, in particular, an increase by 71% in the SMCs between 1990 and
2004.

* Sectoral emissions according to level and variation are available for each country in annex.

1. CONTRIBUTION OF THE SECTORS TO EMISSIONS BY REGION:
ELECTRICITY AND TRANSPORT, STAKE SECTORS

The CO, emissions due to energy use may be distributed into five major sectors within the
framework of the emissions inventoried by WRI CAIT. These sectors are quite close to the
classification of emissions proposed by the IPCC common notification framework of GHG
emissions.”” These five emitting sectors” are transport, industry and construction, fugitive
emissions, electricity and heating, and finally other combustions of fuels. The contents of each
sector and the relevant dynamics of emissions by region are specified in the following sections. Each
region of the world is faced with a differentiated demand on energy for each of its sectors according
to the specialisation of its economy, its development level, the natural conditions which it has to
contend with (both in terms of exposure and in terms of allocations) or, again, the extent to which it
has mainstreamed and implemented the question of rational energy use. The response to this energy
need has a counterpart in terms of CO, emissions, and Figure 14 illustrates these relative emissions
by sector in 2004.*

47 A table summarizing the correspondence between the two systems for the whole emissions presented in this study is available in Annex.
8 The emissions arising from international fuel reservoirs are not included in this part of the study.
4 Cf. table in annex.

3-32



PART 1 Climate change in the Mediterranean: scientific knowledge, impacts and green house gas emissions
CHAPTER 3 Carbon Dioxide emissions from energy use in the Mediterranean economies: trends and pattern

Figure 14 - Sectoral breakdown (%0) of CO2 emissions due to energy use by region, 2004.
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Mediterranean emissions® are marked, as for all regions, by a dominant position held by emissions
due to electricity, without, however, reaching the very high share (47% of the total) which it holds in
the world situation among the emissions presented due to energy. The transport sector and that of
the emissions generated by construction and industry hold an intermediate position in the emissions
balance. The responsibility of the transport sector is more significant in regions whose per capita
wealth is high, as in the NMCs (29% of total).
Figure 15 - Absolute sectoral contribution to absolute variation of CO2 emissions due to energy use by region, variation
1990-2004, million TCO2.
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The growth of CO, emissions can be considered based on the contribution of each sector to this
same growth. This approach, materialized by Figure 15, gives the absolute variation of emissions by

%0 Sectoral emissions according to level and variation are available for each country in Annex.
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sector and by region®' between 1990 and 2004.* The SEMCs thus contributed more to the absolute
rise of CO, emissions than the NMCs over the period observed.

In the SEMCs, the growth in emissions arises, for the major part, from the rise of electricity
emissions, while in the NMC:s it arises, above all, from an increase in the emissions due to transport.
The increase in emissions in the EU-27 is exclusively due to the transport sector, while in the
SEMC:s, this sector ranks in third position in terms of absolute contribution to the rise.

The quasi-stagnation of the emissions of the EU-27 between 1990 and 2004 is mainly due to a
significant drop in the emissions generated by industry and construction, while in the SEMCs this
sector contributes to emissions more than the transport sector. The EU-27 and the SEMCs have,
thus, experienced radically different changes in the structure of their emissions over the period 1990-
2004.

2. ELECTRICITY AND HEATING

This section inventories the CO, emissions due to the production of electricity and heat either for
commercial purposes or for self-use (or both), as well as the emissions resulting from the

combustion of fossil energy by the other energy industries. These emissions are close to those of
class "1A1" of IPCC.

In 2000, on a world level, the emissions due to the electricity and heating sector accounted for 25%
of GHG emissions, that is the chief contribution to anthropogenic emissions (Diagram 1). In the
NMCs and the SEMCs, this share was of 26% and 24%, respectively (Diagrams 2 and 3). In 2004,
the share of these emissions within the CO, emissions due to energy stood at 34% for the NMCs
and at 43% for the SEMCs.

*''In Figure 15, certain flows are negative (such as the fall in the emissions resulting from industry for the whole world between 1990 and
2004); they need, therefore, to be subtracted from the positive flows in order to obtain the total absolute variation over the period.
52 A table showing the flows of Figure 15 is available in Annex.
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Figure 16 and Figure 17 - CO2 emissions due to electricity and heating (left hand side scale) and power production (right
hand side scale) in the Mediterranean regions and sub-regions, 1990-2004.
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Electricity is a staple and strategic goods for the countries and their development. The demand on
this not easily storable goods may arise primarily from industries or from the residential sector.
Power production in the Mediterranean differs from the world situation in the sense that its
production is much less met by coal as by nuclear energy (due to the weight of the French situation
in the Mediterranean) and by natural gas. Thus, the carbon intensity of the production of electricity
is lower in this region than in the world as a whole. Nevertheless, the rise in oil prices has induced a
certain resistance to the use of coal for power production.

Table 5 - CO2 emissions due to electricity and heating by region, level in 2004 and variation over the period 1990-2004.

2004, Millions de Variation szc?l?:t'ion Variation
REGION | et et neneet | 1990-2004, | """ 50 | 1990-2004,
chauffage" % TWh ’ %

PRE 146 110 242 164
PRS 138 76 183 118
PEA* 49 19 70 26
UE-Med7* 424 29 332 36
FEMIP 187 96 262 135
PSEM 284 92 424 142
PNM* 472 20 1288 36
UE27 1655 0
Monde 13293 64 17373 47

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 & IEA data
*Note : The baseline year for the rate of variation of emissions is 1991 for EACs and NMCs. The baseline year for the rate of variation of power
production is 1992 for the EACs, NMCs and EU-Med7.

However, this region experiences a boom in demand on electricity (for example, for purposes of
supply of new electrical appliances and a rise in standing), which is the most dynamic component of
the rise in energy consumption and of the increase in CO, emissions. Thus, the growth in power
production of the EMCs reported over 164% between 1990 and 2004, leading to an increase by
more than 110% in the emissions due to the electricity and heating sector in this sub-region.

Certain SEMCs™ then reported very big rises in these emissions, such as Syria (+157%) or Egypt
(+123%). The growth of the emissions of the NMCs was more moderate, with countries such as
France and Italy reporting only a slight increase in their emissions. Nevertheless, the growth of the
NMCs (+ 20%) remains much higher than the stagnation of the emissions due to electricity and
heating originating from the EU-27.

In terms of level of emissions of this sector, Italy, then Spain, are by far the largest emitters of the
Mediterranean basin. Israel (66% of whose emissions originate from this sector) and Malta have, in
terms of relative emissions, a very high share due to this sector, by contrast with Tunisia or Turkey
(35% and 38%). Overall, the increase in demand on electricity is higher than economic growth.

Consequently, a reduction of the electrical intensity of growth (REU policies) and a decrease in the
carbon intensity of power production (renewable energies) can contribute in curbing the increase in
emissions due to consumption of this strategic goods.

53 The emissions and the growth of emissions by country of this sector are available in table format in Annex.
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3. THE TRANSPORT SECTOR

CO, emissions due to energy use, such as those of the transport sector, comprise the emissions of
domestic air transport (exclusive of international flights), land transport, railway, by pipeline, by
intra-national navigation and other transport. The emissions generated by international fuel
reservoirs intended for aviation and for the navy are excluded. These CO2 emissions correspond to
the emissions of class "1A3" of IPCC.

The CO, emissions of this sector represented in 2000, for the world, the NMCs and the SEMCs
12%, 22% and 13 %, respectively, of the total of the emissions of anthropogenic GHG (Cf.
Diagrams 1, 2, 3). In 2004, the share of this sector in the emissions presented in Part III is of 19% in
the SEMCs and 29% in the NMCs. The share of the emissions of this sector in the Mediterranean
originating from the NMCs is very high. Indeed, over three quarters of these Mediterranean
emissions are the result of transport activities in the NMCs. The energy supply of this sector is
quasi-exclusively provided by oil. On a global level, the emissions of this sector are largely
dominated by the land transport component..

Figure 18 - CO2 emissions due to the transport sector (left hand side scale) and GDP (right hand side scale, PPP) in the
Mediterranean regions, 1990-2004.
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The relatively low share of the emissions of the transport sector™ in the SEMCs conceals a strong
dynamics. Indeed, the growth of the emissions of the SEMCs in this sector reached 55% between
1990 and 2004, making of transport the second major contributor to the CO, emissions due to
energy use in the SEMCs. The observation is the same for the aggregate of the FEMIP countries, as
a whole, with however a higher growth and a bigger share of these emissions. In terms of emissions
relating to the other sectors, transport accounts for 26% of the total in Jordan and in Lebanon, while
it accounts for only 5% in Morocco. The high emitting countries™ are France, Italy and Spain, in the
North, and Turkey and Egypt, in the SEMCs. However, France and Malta reported "low" growths
over the period, while Egypt and Lebanon saw their CO, emissions due to transport more than
double between 1990 and 2004. Besides, the growth in the Mediterranean of the emissions of this
sector was stronger in the SMCs than in all the other sub-regions. In spite of this North/South

** The sectoral emissions in level and variation are available for each country in Annex.
% The emissions and the growth of emissions by country of this sector are available in table format in Annex.
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differential of growth of emissions, the level of per capita gross equipment in private car in the
SEMCs is twelve times lower™ than that of the economies of the EU-Med7 in 2002.

Table 6 - CO2 emissions due to the transport sector, level in 2004 and variation 1990-2004.

2004, Milions de| \/griation Mi,l:‘i?rslde
Region | "™ | 100- | S
"Transports" 2004, % 2002
SRE* 63,1 37
PRS* 65,7 76 5460
PEA* 16,3 50
UE-Med7 390,8 33 86649
FEMIP* 85,3 65 7642
PSEM* 128,8 55
PNM* 407 1 30
UE27* 947.6 26 209614
Monde 5589,3 44

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 & Eurostat/Medstat data
*Notes : The baseline year for the emissions variation is 1991 for the EACs and the NMCs. Number of private cars, excluding Libya and Lebanon,
from the aggregates.

The emissions of the regions seem to be strongly connected with the level of production (in PPP).
This linkage (Cf Figures 18) is a real challenge within the framework of a South/North convergence
scenario of the levels of economic development. A disconnection economic growth/ transport
emissions had not taken place yet in the NMCs at the turn of the century. The issue may, there
again, be split into two sub-challenges: that of the countries’ development pattern  (space
organization and place of transport at the heart of the growth mechanism and of society) and that of
the carbon intensities of the means of transport (passenger and goods).

4. INDUSTRY AND CONSTRUCTION

The emissions of "industry and construction" comprise the direct CO, emissions due to the
combustion of fossil energy. These CO, emissions have the same scope as those of class "1A2" of
IPCC. However, the emissions due to electricity and heat self-production are excluded. The latter
are included in the emissions of Section 2 of this Part, "Electricity and Heating".

The CO, emissions arising from energy use of the "industry and construction" sector accounted in
2000 for about 14% of GHG emissions in the NMCs and the SEMCs and a little more than 10% on
global level (Cf Diagrams 1, 2, 3). This sector incorporates industries of very different nature. The
main industries in terms of direct combustion of fossil energy are in particular those of chemistry
and petro-chemistry, iron and steel, as well as those of cement (cf Box 2 for the CO, emissions
arising from the cement industrial process). The share of emissions of these three industries due to
direct combustion of fossil energy was, on a global level, respectively of 51%, 43% and 70% of their
total GHG emissions in 2000.”” According to production technologies, the level of energy efficiency
and the carbon content of the energy used, the relative distribution and level of GHG emissions are
likely to vary significantly from one region of the world to the other. Overall, the global industry and
construction emissions due to energy combustion accounted, in 2000, for 49%° of the total GHG
emissions of this same sector.

% Figure derived from Eurostat/ Medstat data, excluding Libya, Turkey and Lebanon. This ratio is not adjusted for the differential of size of the
households and the larger population youth in the SEMCs.

s WRI (2003).

% Ibid.
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Figure 19 - CO2 emissions due to the industry and construction sector (left hand side scale) and Industry VA (right hand
side scale, US$) in Mediterranean regions, 1990-2004.
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Notes : The Industry VA corresponds to the ISIC division 10-45 and comprises the ISIC division 15-37. The VA is not estimated in PPP, so there
persist skews related to over-evaluated exchange rates in the series. Malta is absent in the whole series. Libya and Cyprus are absent in the Industry
VA series. The NMCs series of Industry VA involves Serbia-M. only as from 2000.

Two thirds of the Mediterranean emissions of this sector® are due to NMCs in 2004; the remaining
third is ascribed to the SEMCs. The growth of these emissions is steady in the SEMCs, while it is
fairly low in the North. The emissions of the “industry and construction” sector have even dropped
for the EU-27.60 This sectoral decrease in the EU has, to a large extent, led to a stagnation of the
global CO, emissions due to energy. In France and in Italy, the emissions of this sector almost
stagnated between 1990 and 2004 while they were strongly increasing in Spain.

Table 7 - CO2 emissions due to the industry and construction sector in the regions and sub-regions of the Meditertanean,

1990-2004.
2004, Millions de V ariation Variation VA
P TCO2 issudu Industrie
Reégion secteur "Industrie 1990;2004’ (US$2000),

et construction" % 1994-2004, %
PRE 71,8 61 41
PRS* 61,9 32 51
PEA 16,9 -28
UE-Med7* 248,4 11 21
FEMIP 75,1 35 50
PSEM* 133,7 46 46
PNM* 265,3 7 22
UEZ27 682,6 -16
Monde 5499,3 14

Source : Plan Bleu computations and formatting after WRI CAIT 5.0 & WDI 2007 data

Notes : The Industry VA corresponds to the ISIC division 10-45 and comprises the ISIC division 15-37. The VA is not estimated in PPP, so there
persist skews related to over-evaluated exchange rates in the series. Malta is absent in the whole series. Libya and Cyprus are absent in the Industry
VA. The NMCs series of Industry VA involves Serbia-M. only as from 2000, which slightly over-estimates the rise in VA..

Nevertheless, gains in terms of energy intensity of industries have brought in a contribution to this
moderation. International industrial goods trade can, in addition, lead the countries to import more
than they export carbon intensive manufactured products (cf. Ahmad, 2003). Jordan, Syria or
Turkey have concurrently reported growth rates of over 60% in their emissions over the period

%% Sectoral emissions in level and variation are available for each country in Annex.

¢ Industrial production in the Eastern countries of the EU-27 was drastically reduced in the early 1990s. This drop in production in the Eastern
zone was coupled with dis-industrialisation phenomena in Western Europe.
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observed. For Egypt, Cyprus or Turkey, industrial emissions account for over a quarter of the total
CO, emissions due to energy, while this share is a mere 12% for Algeria in 2004. Emission levels are,
particularly, influenced by the specialisation of the economies, production technology, type of
industry (heavy or more labour intensive), level of energy efficiency and fuel mix of the industries.

Box 2 - A few figures on CO: emissions in the Mediterranean and decarbonation in the cement industry

On global level, GHG emissions due to cement accounted for 3.8% of the total in 2000.* Emissions arising from cement
industries are of three sources: there are those which arise from direct energy inputs (fossil energies), and from power
consumption, and those inherent in the specificity of the industrial process, called “decarbonation”. Thus, on global level,
the respective share of these three in total emissions of GHG cement stood, in 2000, at 43%, 5% and 52%.*

The emissions presented here are those clearly identified as arising from the decarbonation process operating during the
production of clinker (intermediate product). These emissions have nothing in common, in terms of their nature, with the
other presented in this Part Ill of the study; in other words, we are no talking of energy use. Decarbonation occurs during
very high temperature firing of limestone which induces production of lime and of CO2. These CO2 emissions accounted—
on global, NMCs and SEMCs level—for 2%, 4% and 5%, respectively, of the total GHG emissions in 2000 (cf. Diagrams 1, 2, 3)

Cement plant activity is strongly connected with the countries’ economic development and the construction of
infrastructures. Henceforth, the additional demand on this goods issues mainly from developing countries, and certain
Mediterranean countries have reported a very high production of this particular goods. The growth of this sector “fosters”
and drives the rise in emissions related to energy by creating new structures that are potentially CO2 emitting (direct and
induced emissions of buildings, emissions of the transport sector...). In this sense, this sector is a key sector. Besides, the
WRI CAIT allows a clear differentiation of the emissions arising from decarbonation consisting in data provided by CDIAC
and corresponding to the class of emissions “2A1” of IPCC.

Figure 20 and Table 8 - CO2 emissions due to decarbonation (left hand side scale) and cement
production (right hand side scale) in the Mediterranean, 1990-2004.
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In terms of level, these emissions** are still, for the major part, located in the NMCs, but the increase of these emissions in
the Mediterranean originates from the SEMCs. This is mainly due to the fact that the NMCs are faced with a demand on
cement for purposes consisting primarily in the renovation and maintenance of existing structures. However, the Spanish
increase, accompanied by a housing estate boom, has led to a 66% rise in Spain’s emissions. The increase of these
emissions in the South is particularly high in Lebanon, Morocco and Jordan, which have all reported a more than a twofold
increase in these emissions within 15 years, that is a rate higher than global growth. Thus, the SMCs or FEMIP countries
have reported trends close to the world situation, where exponential demand is mainly driven upwards by the major Asian
countries. The relative CO2 emissions reveal that the phenomenon of decarbonation of cement industries alone accounts
for over 15% of the scale of the CO2 emissions due to energy use in Tunisia or in Morocco.

The major cement producing countries in the Mediterranean are Spain, Turkey, Italy and Egypt. The Mediterranean basin
represents a European hub of international trade in cement and clinker.*** Turkey is the top external world supplier of
cement to the EU and, in particular, to Italy. The trade in the intermediate product, clinker, to the EU is claimed mainly
by China and Egypt. Spain imports clinker from Egypt, which thus represents its second world supplier. However,
international cement and clinker flows vary rapidly. This international trade constitutes a supply of carbon rich
construction material from countries where production technologies, fuel mix and, especially, legislation on CO2 emissions
are, sometimes, fairly different from those of the importing countries.

*WRI (2005a). **Sectoral emissions in level and in variation are available for each country in Annex. *** The descriptions of international flows are mainly derived
from a presentation entitled “Emissions Trading and Cement: What does the empirical data suggest?” by N. Walker..
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5. FUGITIVE EMISSIONS AND OTHER EMISSIONS

5.1. Fugitive emissions

“Fugitive” emissions are GHG emissions released deliberately or accidentally during human
activities. These emissions may occur throughout the chain, right from the production up to energy
use if these emissions do not sustain a productive activity. Total fugitive emissions (CO, and non-
CO,) accounted, in 2000, for 3.8 % of the global GHG emissions, 0.9% in the NMCs and 8.9% in
the SEMCs (Diagrams 1, 2, 3). Methane emissions due to oil or gas energy systems, as well as to
coal mines, are not included in the data presented below. The fugitive emissions studied in this
section are those of CO, generated by flaring and venting of gas, particularly during energy
production for safety or use reasons. These emissions correspond to the class "1B2c¢" within the
framework of IPCC emissions notification. The data presented are derived from CAIT5.0; the
secondary source being the IEA.

Figure 21 and Table 9 - CO2 emissions due to fugitive emissions (left hand side scale) and primary energy production
(right hand side scale) for a few Mediterranean countries, 1990-2004.
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Fugitive CO, emissions, such as defined above,” are in the Mediterranean due to a few gas and oil
producing and exporting countries. These emissions reported, on the whole, a decrease between
1990 and 2004 even while energy production increased over the same period. In 2004 in the SMCs,
these emissions accounted for 3.2% of the CO, emissions related to energy. The top contributor, in
terms of level, to fugitive CO, emissions is Algeria. The emissions of this country represented over a
half of the total Mediterranean emissions in 2004 in spite of a significant fall of these emissions in a
context of a rise in its energy production over the period observed (cf Figure 21 and Table 9). In
2004, these fugitive emissions accounted for 8% of the total CO, emissions of Algeria. The other
large emitters are Egypt and Libya. Tunisia is the only country to have maintained, on the same
level, this type of emissions while the regional context is on the decrease.

The fugitive emissions of CO, due to energy use thus follow an encouraging downward trend in gas
and oil producing Mediterranean countries. However, the 1990s reported a rise in fugitive methane

¢! Sectoral emissions in level and variation are available for each country in Annex.
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emissions arising from energy systems. These fugitive methane emissions in the SEMCs thus
increased by more than 80% between 1990 and 2000. Additional efforts must also be exerted with
regard to this precise type of emissions. Fugitive emissions could, in the case of export of gas and oil
and within the "CO, consumption" logic, be at least in part ascribed to the importing countries of
these energy raw materials.

5.2. Emissions due to other fuel combustions

The emissions of this sector are a heterogeneous grouping of the CO, emissions arising from sectors
not covered above. These emissions are those resulting from individual direct combustion or in
district of fossil energy arising from commercial and institutional activities, and the residential sector.
This section also groups the emissions originating from the combustion of fossil energy by
agricultural, fishery and forestry activities; "CAIT 5.0" does not allow a differentiation of these
various components. These emissions correspond to the CO, emissions of class "1A4" of IPCC
classification.

On a global level, the emissions of this heterogeneous aggregate originate mainly in the residential
sector, then in the commercial sector and, finally, in the energy inputs of agricultural production. In
2000, the GHG emissions of this sector accounted for 9% of the world total, while this share was
10% and 15%, respectively, in the SEMCs and the NMCs. In 2004, the CO, emissions of this sector
represented, for these same regions, 13%, 16% and 18% of their CO, emissions due to energy use.

Figure 22 - CO2 emissions due to other combustions of fuels in Mediterranean regions and sub-regions, 1990-2004
300
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Source : Plan Bleu computations and formatting after WRI CAIT 5.0 data

The world emissions from the buildings of the residential sector amount to the double of those
arising from commercial or institutional buildings.”” Their nature and their use cause commercial
and institutional buildings to emit, in proportion, more CO, in an indirect way through their power
supply. These indirect emissions are not reckoned in this section. The relative weight of these two
sectors (i.e., the residential and commercial sectors) cannot be known in the Mediterranean due to a
CAIT aggregate. Nevertheless, the direct CO, emissions ascribed to this section® report in the
Mediterranean a geographical distribution originating at 70% from the NMCs. These emissions arise

& WRI (2005a)
¢ The sectoral emissions in level and variation are available for each country in appendix.
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from the heating and cooling of buildings or, again, kitchen activities. The share of these direct CO,
emissions in the total CO, emissions related to energy use increases in proportion to the level of per
capita wealth, but it also depends on the climate, as well as on integrating the aspect of energy
efficiency in buildings.

Table 10 - CO2 emissions due to other combustions of fuels in the regions and sub-regions of the Mediterranean, 1990-

2004
2004, Millions
de TCOZ issu | Variation
Région des "Autres 1990-
combustion de | 2004, %
carburants”
PEA 13 -42
UE-Med7 235 16
PRE 54 36
PRS 52 71
FEMIP 68 58
PSEM 105 51
PNM 248 10
UE27 743 -6
Monde 3684 10

Source : Plan Bleu computations and formatting after WRI CAIT 5.0

The CO, emissions due to this sector reported a marked increase between 1990 and 2004 in the
SEMCs (five times higher than the world rate), particularly in the SMCs, as in Morocco® (+108%)
or in Libya (+102%). Algeria and Tunisia are, too, characterized by a strong growth of the emissions
of this sector, to which there may be added a share that is henceforth ascribed at 20% of the total of
their CO, emissions resulting from energy use. On the other hand, the increase remains moderate
on average in the NMCs, with 16% of growth in the EU-Med7 countries. This low growth conceals
the strong increase in emissions for Spain (+78%). This is partly due to a high level of new
constructions in this country.

This sector of direct CO, emissions due to the energy arising from these other fuel combustions,
and in particular from buildings, leaves ample room for legal regulation not only in terms of
coupling constructions with capacity building in matter of production of renewable energies, but
also in terms of energy quality of constructions. The existence and proper implementation of such
legislations are all the more pressing as the useful life of this type of emission-generating asset is very
long. Buildings thus leave a several decade mark on the energy quality of the housing stock. This fact
pleads for a proactive move in the SEMCs, the cities and the coastline where the growth of the
construction sector is strong. The buildings sector is characterised by being at the crossroads of
combating GHG emissions and of adaptation to climate change.

 The following elements related to this sector in Morocco are observed in the national study on Morocco of UNEP/MAP/Plan Bleu (MTS
N°167, 2007, page 506) “Absence of energy considerations in the design, construction, equipment and management of collective buildings;
marked increase in energy expenditure owing to expectations of quality service and comfort on the part of users”.
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IV. CONCLUSION

The Mediterranean basin is characterized by anthropogenic GHG emissions that are quite
substantially composed of CO, arising from the use of fossil energy. CO, emissions are, in the
Mediterranean, quasi-exclusively due to the use of such energy as oil, gas or coal, which are naturally
present on the Southern rim of this region.

On Mediterranean level, "land use change and forestry" (LUCF) generate little CO, emissions,
contrary to the emissions balance of other African countries. Overall, the CO, emissions due to
energy use accounted, in the SEMCs, for about 64% of GHG emissions in 2000; this share was of
77% in the NMCs and of only 57% on global level.

In the SEMCs, the high level of the emissions arising from wastes and cement industries constitutes
two notable facts in view of the structure of global emissions or even of that of the emissions of the
NMCs.

The aggregate CO, emissions arising from energy of the SEMCs since 1850 accounted for a mere
1.4% of the aggregate global emissions over the same period. In 2005, this zone emitted less than
3% of the global CO, emissions related to energy. The historical contribution to aggregate emissions
is 6% for the NMCs, the latter emitting still about two thirds of Mediterranean emissions.

Without a behavioural change on the part of the players, the various emissions growth rates reported
by both rims of the Mediterranean could bring the SEMCs to account for about a half of the
Mediterranean emissions by 2020. The growth of the emissions of the SEMCs was already higher
than global growth between 1990 and 2004.

The expected challenge in the SEMCs, related to demographic growth and to South/North
economic convergence, lays a great responsibility on policies of anticipation and of control over
GHG emissions in these countries. The NMCs are already addressing a legitimate need for
immediate reduction of their emissions. The capacity to generate wealth via a controlled carbon
intensity of the economies is one of the transmission channels at the heart of the GHG emissions.

From a sectoral point of view, the immediate challenge lies, in the NMCs, in the issue of the
emissions resulting from transport whose disconnecting with economic growth appears to be a
major point within the framework of mitigation of GHG emissions. This sector was, in the NMCs,
the chief contributor in the rise of CO, emissions between 1990 and 2004.

The CO, emissions arising from the SEMCs and the FEMIP countries highlight the importance of
the issue of the emissions due to power production. These countries are faced with a boom in
demand on this goods, especially for use in the residential sector. Overall, the various emissions
arising from buildings (construction, cement factories, electricity, direct energy combustion ...) and,
thus from the residential, commercial and institutional sectors, constitute today the major challenge
in terms of control over GHG emissions. Buildings represent, henceforth, a strategic sector, all the
more so as this sector is, by its very nature, sustained by long term investments, and lies at the
crossroads of the twofold issue of control over GHG emissions and adaptation to climate change.
The transport sector (passenger and goods) is, in its turn, a subject for concern in the countries of
the Southern rim of the Mediterranean (SMCs) not only in view of the demographic pressure, but
also of the demand on mobility which is likely to rise and impact the emissions of this sector.

Adequate physical and human investments and the implementation of legislation related to the
multidimensional buildings sector, as well as that of transport, should strongly contribute in
containing GHG emissions originating in the SEMCs and in the FEMIP countries for the decades
to come.
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ANNEXES

1. ANNEX |. COUNTRIES AND REGIONS USED AND REFERRED TO IN THE
STUDY

Additional item 1 : List of countries, and geographical sub-regions and regions used

. . . . Sub- Number
Countries and regions Region 1 FEMIP Region 2 . of
Region .
countries
Spain Med PNM UE-Med 7 1
France Med PNM UE-Med 7 1
Italy Med PNM UE-Med 7 1
Slovenia Med PNM UE-Med 7 1
Greece Med PNM UE-Med 7 1
Cyprus Med PNM UE-Med 7 1
Malta Med PNM UE-Med 7 1
Croatia Med PNM PEA 1
Bosnia & Herzegovina Med PNM PEA 1
Serbia & Montenegro Med PNM PEA 1
Albania Med PNM PEA 1
Morocco Med FEMIP PSEM PRS 1
Algeria Med FEMIP PSEM PRS 1
Tunisia Med FEMIP PSEM PRS 1
Libya Med PSEM PRS 1
Egypt Med FEMIP PSEM PRS 1
Israel Med FEMIP PSEM PRE 1
Lebanon Med FEMIP PSEM PRE 1
Syria Med FEMIP PSEM PRE 1
Turkey Med PSEM PRE 1
Jordan FEMIP 1
PRS [Pays de la Rive Sud] Med PSEM PRS 5
PRE [Pays de la Rive Est] Med PSEM PRE 4
UE-Med7 [Pays de I'Union Européenne ayant
une rive méditerranéenne] Med PNM UE-Med7 7
PEA [Pays de I'Est Adriatique] Med PNM PEA 4
FEMIP [Facilité euro méditerranéenne
d'investissement et de partenariat, Turquie non
comprise] FEMIP 8
PSEM [Pays du Sud et de I'Est de la
Méditerranée] Med PSEM
PNM [Pays du Nord de la Méditerranée] Med PNM 11
Méditerranée [Pays ayant une rive
méditerranéenne et pour lesquels Cait fournis
des données] Med Med 20
10 [Bulgaria,
Cyprus, the Czech
12NPM-UE27 [Les 12 Pays Membres de I'Union Republic, Estonia,
Européenne depuis 2004] 12NPM- E?hnf:r:ﬁ,ﬁm;
UE27 UE27 Siovakin Siovena]
UE27 [Union Européenne a 27 pays] UE27 UE27 27
World World

Notes : Données Cait indisponibles pour I’Autorité Palestinienne et données Monaco incluses dans France
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2. ANNEX Il. DATA SOURCES

2.1, Part |

2.1.1. Cait “Excel 3.0”

http://cait.wti.org/

2.1.2. Cait 4.0

Wotld Ressoutces Institute / Climate Analysis Indicator Tool
http://cait.wti.org/
WRI (2005), “CAIT: Greenhouse Gas Sources & Methods”.

2.1.3. Secondary sources emisions data (used by Cait 4.0):

CDIAC Matland, G., T.A. Boden, and R. J. Andres. 2005. "Global, Regional, and National Fossil Fuel CO, Emissions."
In Trends: A Compendium of Data on Global Change. Carbon Dioxide Information Analysis Center, Oak Ridge
National Laboratory, U.S. Department of FEnergy, OakRidge, Tenn., U.S.A. Available online at:
http://cdiac.esd.otnl.gov/trends/emis/meth_reg.htm.

EIA. 2004. International Energy Annual 2002. Available online at: http://www.cia.doe.gov/iea/catbon.html.

EDGAR 3.2 by RIVM/TNO. 2003. (Oliviet, ].G.J. and Berdowski, J.J.M., 2001, Global emission soutces and sinks. In:
J. Berdowski, R. Guicherit and B.J. Heij, eds. The Climate System: 33-77. Lisse: Swets & Zeitlinger Publishers).
Available at: http://atch.rivm.nl/env/int/coredata/edgat/.

EPA. 2004a. Personal communications based on “Global Non- CO, Greenhouse Gas Emissions: 1990 - 2020.”
(forthcoming 2005). Partial draft data available at: http://www.epa.gov/non CO,/econ-inv/international html.

Houghton Houghton, R.A. 2003. “Emissions (and Sinks) of Carbon from Land-Use Change.” (Estimates of national
sources and sinks of carbon resulting from changes in land use, 1950 to 2000). Report to the World Resources
Institute from the Woods Hole Reseatch Center. Available at: http://cait.wti.otg.

IEA TEA. 2004. CO, Emissions from Fuel Combustion (2004 edition). Available online at: http://data.ica.org/icastore/
COz_main.asp.

2.1.4. Additional sources

OME /Plan Bleu (2000).

IEA/WEO (2000).

Agence Européenne de 'Environnement [http://datasetvice.eea.curopa.cu/dataservice]
IEA (2007).

EIA/IEO (2007).

2.1.5. Sources for the baseline approach to GHG emissions and CO2 historical
emissions as per Mediterranean country (CAIT Excel 3.0 and CAIT 4.0; Part I)

Additional item 2 : Sources for the baseline approach to GHG emissions and CO2 historical
emissions as per Mediterranean country (CAIT Excel 3.0 and CAIT 4.0; Part I)
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Country

CO; from fossil fuels

CO: from land Use Change
& Forestry

Non-CO2 Gases (1990, 1995, 2000)

CH4 & N20

HFCs, PFCs, SF6

Albania

1933-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Algeria

1916-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Bosnia & Herzegovina

1916-1970 (CDIAC); 1971-
2003 (IEA)

1990-2000 (Houghton)

EDGAR (T 2000)

EPA

Based on WRI estimates
prior to 1992 (Yugoslavia).

Cyprus

1950-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Croatia

1885-1970 (CDIAC); 1971-
2003 (IEA)

1976-2000 (Houghton)

EPA

EPA

Based on WRI estimates
prior to 1991 (Yugoslavia).

Egypt

19111970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

France

1850-1959 (CDIAC); 1960-
2003 (IEA)
Includes

excludes

departments,
French Polynesia,
Guadeloupe, Martinique,
and La Réunion. (CDIAC
and IEA).

Monaco,  and
overseas
including

1950-2000 (Houghton)

EPA

Includes

EPA

Monaco.

Greece

1867-1959 (CDIAC); 1960-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Israel

1930-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Italy

1860-1959 (CDIAC); 1960-
2003 (IEA)

Includes San Marino and the
Vatican (CDIAC and IEA).

1950-2000 (Houghton)

EPA

Includes S

EPA

an Marino.

Lebanon

1931-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Libya

1950-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Malta

1950-1970 (CDIAC);
2003 (IEA)

1971-

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Morocco

1928-1970 (CDIAC); 1971-

2003 (IEA)

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Serbia & Montenegro

1885-1970 (CDIAC); 1971-

2003 (IEA)

Formerly  the  "Federal
Republic of Yugoslavia";
Based on WRI estimates
prior to 1988 (Yugoslavia).

1976-2000 (Houghton)

EDGAR (f 2000)

EPA

Slovenia

1885-1970 (CDIAC); 1971-
2003 (IEA)

Based on WRI estimates
prior to 1980 (Yugoslavia).

1992-2000 (Houghton)

EPA

EPA

Spain

1850-1959 (CDIAC); 1960-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Includes the Canary Islands.

Syria

19311970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EDGAR (f 2000)

EPA

Tunisia

1916-1970 (CDIAC); 1971-
2003 (IEA)

1950-2000 (Houghton)

EDGAR (T 2000)

EPA

Turkey

1865-1959 (CDIAC); 1960-
2003 (IEA)

1950-2000 (Houghton)

EPA

EPA

Note : [T] WRI estimates
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2.1.6. « Sectoral approach and sources of GHG emissions; [CAIT 4.0]

[WRI (2005b), p. 15]
Additional item 3 : Sectoral approach and sources of GHG emissions; [CAIT 4.0]

Table 3. Summary of CAIT Sector Data

IPCC
CAIT Sector Category CAIT Sector Contents Category  Gas Darta Source (years)
Energy 1
Electricity & Heat! Electricity & heat plants (fossil fuels)
- Public plants (electricity, heat, CHP) lAla CO: TEA (1930 to 2002}
- Autoproducers (electrcity, heat, CHP) 1A CO; TEA {1980 to 2002}
Other Energy Industries (fossil fuels) lAlbe CO; TEA (1930 to 2002)
Mannfacturing & Const. Mannfactaring & Const. (fossil fiuels) 1AZ CO, TEA (1980 to 2002)
Transportation Transportation (fossil fuels) LAS CO:z IEA {1980 to 2002}
Other Fuel Combustion? Other Sectors (fossil fuels) 1A4 COz TEA (1980 to 2002)
Biomass Combustion LAS CHs, N20 EPA (90, 95, 2000
Stationary and Mobide Sources 1AS CHs, N:O EPA (90, 95, 2000)
Fugitive Emissions Gas Venting/Flaring 1B 2c COa ETA {1980 to 2002}
Ol & Natural Gas Systems LEZ CH,, N=0 EPA _9". a3, 2000
Coal Mining ' IB1 CH. N.O EFA (90, 95, "C"IC._
Industrizl Processzes Cement 2A1 CO: CDIAC (1980 to 2002)
Adipic and Nitric Acid Production 2B23 N0 EPA (90, 95, 2000
Other Industrial non-Agriculture 2 CH., N:O EPA (90, 95, 2000
All Flnonnated Gases 2 HFCs PFCs.SF; EFA (90, 95, 2000)
Agpeuliuge’ Enteric Fermentation (Livestock) 4 A CH, ETPA (90,
Livestock Manure Management 4E CH., N:O ETPA (90,
Rice Cultration 4C CH, ETPA (90,
Agrienltuzal Soils 4D N:0 EPA (90,
Other Apricultural Sources 4 CHs, IN20 EFA (90, !
Land Use Chanee & Forestry  All 3 CO:z Houghton | 1930- 000)
Waste Landfills (Solid Waste) GA CH. EPA (90, 93, 2000
Wastewater Treatment 6B CH, EPA (90, 93, 2000
Human Sewage 6B N0 ETPA (90, 93, 2000
Other 6D CHs, N0 EFA (90, 95, 2000
International Bunkers Aviation Bunkers 1 A Jai CO2 IEA (1980 to 2002)
Marine Bunkers LA 3di COz TEA (1980 to 2002)
Sources: IPCC, 1996b; IEA, 2004a; CAIT-UNFCCC. Notes:
! Refers mainly, but not exclusively to electricity and heat (inchuding C —IP meluc'ed by entities whose PI mary activity is to supply
the public. Here, this category includes autanr and atber energy indust dusers generate electricity, wi .o]L or partly
for their own use as an actwity which supports their prmary activity. They may be prrvately or 131113]_u:_ v owned. ]d-=1_1rt 1e5€
emissions should be allocated to for which the EIE'CT:I.]CITT and/or heat was generated. CO; and energy statistics from the
IEA do not allow for this. Ozhs s refer to emissions from fisel combusted in association with pluducr_m and processing
(for example, petrolenm refinerie ot fossil fels, and is thus not strictly electricity or heat (TEA, 2004).
2Emissions from fuel combustion in (1) commercial and institntional by m_d_mas (2) residential buildings, (3) agriculture, forestry, or
domestic inland, coastal and deep-sea fishing, and (4) remaining non-specified emissions (TEA, 2004a).
3 Consistent with IPCC Source /Sink categories, CO; associated with fuel combustion in the agnculﬂud sector i3 ncluded nnder the
Energy, not Agricultuze Sector.

Note : The latest year available for CAIT 4.0 is 2003, though this table displays 2002.

2.2, Parts Il and Il

2.2.1. Cait 5.0

Wotld Resources Institute / Climate Analysis Indicator Tool
http://cait.wti.org/

WRI (2007b), “CAIT: Greenhouse Gas Sources & Methods”. Version 2007. Disponible a Padresse Internet:
http://cait.wti.org/downloads/ cait_ghgs.pdf
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2.2.2. Secondary sources emisions data (used by Cait 5.0 and in part Il and Ill )

CDIAC Matland, G., T.A. Boden, and R. J. Andres. 2007. "Global, Regional, and National Fossil Fuel CO, Emissions."
In Trends: A Compendium

EIA 2007. International Energy Annual 2005. Available online at: http://www.eia.doe.gov/iea/carbon.html.

IEA 2006. CO, Emissions from Fuel Combustion (2006 edition). Available online at: http://data.ica.org/icastore/
COz_main.asp.

of Data on Global Change. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S.
Department of Energy, Oak Ridge, Tenn., U.S.A. Awvailable online at:
http://cdiac.esd.ornl.gov/trends/emis/meth_reg.htm.

2.2.3. Main data sources for informations not related to emisions and GHG
contained in part Il

WRI (2007a), “CAIT: Indicator Framework Paper.”
http://cait.wti.org/downloads/framewortk_papet.pdf

2.2.4. Other sources

USGS (2007). Available at : http://minerals.usgs.gov/minerals/pubs/mcs/
EUROSTAT Programme MEDSTAT II.

2.2.5. Sectoral approach and sources of GHG emissions and correspondence with
the IPCC emissions frame; [Cait 5.0] (Additional element: 4)

WRI (2007b), “CAIT: Greenhouse Gas Sources & Methods”, p. 15.
http://cait.wri.org/downloads/ cait_ghgs.pdf
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3. ANNEX lll. BREAKDOWN BY GAS OF GHG EMISSIONS IN 2000,
BASELINE APPROACH

Additional item 5 : Breakdown by gas of global GHG emissions in 2000, total 42 Billion TECO2

N20O Gazfluorés
79% 1%

CH4
13,9%

Cco2
77,2% dont

8, % Lucf et 2%
décarbonatation
issue du ciment

Source :Plan Bleu computations and formatting after WRI CAIT 4.0 data for the year 2000.

Notes : Percentages related to anthropogenic GHG emissions standardised as equivalent CO2 (global warming power over 100 years, IPCC
recommendations [1996]). Plan Bleu estimates based on aggregated data for 2000 supplied by the on line WRI CAIT intetface. The data ate derived
from a baseline approach (notably for non-CO2 gases). Emissions due to land use change and forestry — LUCF (Houghton, 2003) are included, subject
to a reserve on estimate uncertainty. International fuel reservoirs are also incorporated in the data presented.

Additional item 5 : Breakdown by gas of the GHG emissions of the SEMCs in 2000, total 1.02
Billion TECO2

N20 Gazfluorés
10%

0,4%

CO2
70,3% dont
3,4% Lucfet

4,8%

décarbonatation
issue du ciment

Source and notes : Same as for additional item 1
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Additional item 7: Breakdown by gas of the GHG emissions of the NMCs in 2000, total 1.76 Billion
TECO,

N20 Gazfluorés
1,6%

9,6%

CH4
9,9%

CO2
78,90/0 dont

-1%%Lucfet 34%
décarbonatation
issue du ciment

Source and notes : Same as for additional item 1
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4. ANNEX IV. LEVELS IN 2004 OF THE VARIABLES ISSUING FROM THE
BREAKDOWN OF THE VARIATION OF EMISSIONS BY COUNTRIES AND
REGIONS (PART Il)

Additional item 8 : Level in 2004 of the variables issuing from the breakdown of the variations of
the emissions (Part II), countries and regions.

Emissions de | Richesse par Intensité T e
COZliees a habitant (FRA) | Population énargétigue de | énergétique
Pays et régions| rénergisen | enzoo4 ks 2004, lconomizen | (COZE)en
2004, millions | internationas: Khabitants 2004, Keppar | 2004, KCO2
TCOZ 2000 K32000 en PPA par Kep

Albanie 4.8 4.5 3112 169 2,0
Algérie 84.5 6.1 32358 168 2.6
Bosnie-Herzégo 16,3 6,4 3909 188 3.5
Chypre 5.9 20,2 740 175 2.6
Croatie 206 111 4443 178 2.3
Egyple 142.0 3.7 72642 200 25
Espagne 329.8 23,8 42692 140 2.3
France 386.9 26,8 60521 169 1.4
Gréce 93.9 201 11062 137 3,1
Israél 623 22,3 65804 137 3,0
ltalie 462 3 256 58175 124 2.5
Jordanie 16,7 4,7 5350 260 2.6
Liban 15,3 5,0 3540 307 2.8
Libye 451 6.1 5740 520 2.5
M alte 2.5 16,8 401 135 2,8
Maroc 355 4.0 29824 95 3,1
Serbia-Monténé 53.0 3.0 8085 741 3,0
Slovenie 15,6 191 1997 188 2,2
Syrie 48,2 3.3 18582 300 2.6
Tunisie 20.5 7.2 9932 121 2.4
Turquie 209.5 71 71150 163 2.6
UE-Med7 1297.9 251 175588 146 2,0
PEA 947 5.8 19549 299 2.8
PRE 335.3 7.3 100076 173 2.7
PRS 327 6 4.6 150496 184 2.6
FEMIP 4250 51 179032 176 2.6
PSEM 6629 5,7 250572 178 2.6
PMNM 1392 6 23,2 195137 150 2.1
Méditerranée 20555 13,4 445709 156 2.2
12NPMUE27 707 .8 11,8 103380 219 2.6
UE27 40340 23,3 487803 159 2,2
Monde 28227 5 8.2] 6361888 212 2,6]

Source : Plan Bleu computations and formatting after WRI CAIT 5.0
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2004, LEVELS AND VARIATIONS 1990-2004 (PART liI)

Additional item 9 : Sectoral CO, emissions (energy and cement) by country and region in 2004,
levels and variations 1990-2004.

Emissions de CO2 issu de I'utilisation d'énergie

Emissions du

Emissions du

Emissions du

Emissions du

Compléement sur les |
émissions de CO2
émises lors du
processus

Pays et | secteur électricité sectour des secteur industrie et secteur "Autre Emissions fugaces | inqustriel du ciment

Régions et chauffage en transports en 2004 construction en combustion de en2004 [millions | (gécarbonatation),
2004 [millions de -~ 2004 [millions de |carburant" en2004 | de TCO2] et taux | mijlions de TCO2
[millions de TCO2] .
TCO2] et taux de . TCO2] et tauxde | [millions de TCO2] | devariation 1990- en 2004 et
o et taux de variation L S o
variation 1990- 1990-2004 [% variation 1990- | et taux de variation 2004 [A variation 1990-
2004 [4 2004 [%4 1990-2004 [%4 2004 [%

Albania 03 -61 2 228 0,8 -72 15 -29 0,3 -24
Algeria 34,1 40 16 39 10,2 31 17,1 59 6,6 -52 4,50 42
Bosnia &
Herzegovina 8.6 -51 2 -50 22 -63 3,3 -40 0,50 268
Croatia 72|27 (1991) 682 (1991) 4,11-6) (1991) 3,834 (1991) 1,90 35
Cyprus 3,2 86 2 44 18 129 0,233 (1991) 0,80 B9 (1992)
Egypt 57,5 123 32 103 36,8 30 "2 52 15 -33 14,30 104
France 68,3 7 136 19 83,1 4 99,8 3 10,40 -21
Greece 493 34 22 41 9.4 -10 13,5 66 7,50 1
Israel 412 m 10 48 19 -55 9,5 189 2,20 57
ltaly 74,7 23 120 24 853 2 82,2 9 22,90 15|
Jordan 6,7 90 4 63 2,6 97 3,1 81 1,90 114
Lebanon 57 108 4 1 34 966 2.2 50 1,50 | 246 (1991)
Libya 241 48 1 82 56 56 2,6 102 16 -82 180 34
Malta 19 8 1 13 0,1 44
Morocco %9 89 2 54 52 30 13,7 108 5,50 162
Serbia &
Montenegro 324 -33 6 -12 9,8 -7 4.4 -63 1,10 -17
Slovenia 6,1 5 4 54 2,7 -1 27 51 0,60 -14
Spain 20,0 56 107 67 66,1 45 36,8 78 23,20 66
Syria 20,0 157 3 37 10,9 70 3,9 -47 0,5 -45 2,40|35(1991)
Tunisia 71 80 4 77 4,1 24 4.1 77 0,8] 0(1993) 3,20 93
Turkey 792 101 37 29 55,6 66 38,1 39 19,30 58
UE-Med7 4235 29 391 33| 2484 1] 2353 6 65,40 19
PEA 48,5]-19) (1991) 16 7 16,9 -28 13 -42 3,80 17
PRE 46,1 10 63 37 718 61 53,7 36 05 -45]1 2540 61
PRS 1377 76 66 76 619 32 51,7 71 10,5 -59] 29,30 92
FEMIP 187,2 96 85 65 75,1 35 67,8 58 9.4 -46 35,50 93
PSEM 2838 92 129 55 33,7 46 1054 51 1 -58 54,70 76
PNM 472,0|20 (1991) 407 31 2653 7| 2483 10 69,20 19
Med 755,8 |38 (1991) 536 36 399 8| 357 20 1 -58] 123,90 39
NPM-UE 3824 -19 102 61 120,3 -41 1034 -31 17.80 -23
UE27 1654,8 0 948 26| 6826 -6 7433 -6 57 1036] 120,10 1
World 13293,0 64 5589 44| 54993 u| 36841 10 1618 -9] 109190 90

Source : Plan Bleu computations and formatting after WRI CAIT 5.0
Note : The baseline year for the vatiation rate is specified between patentheses in the corresponding box wherever this is not 1990.
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INTRODUCTION

Part IT objective is to identify and analyze options to shift towards a less emitting energy system.

Chapter 4 describes the Mediterranean energy system, past and possible future trends. Using data
and indicator analysis, it attempts to answers the following question: are developments in the energy
field compatible with sustainable energy targets and CO, emissions growth control?

Chapter 5 uses an economic approach to simulate strategies toward renewable energy (RE) and
energy efficiency. Simulations for 3 countries shows the cost of inaction for the entire South and
East Mediterranean Countries (PSEM) and assesses whether investing today in RE and EE yields
economic returns up to 2015.

Chapter 6 reviews observed action and RE/EE development in the SEMC. Reviewing countries
expetiences, success stories and obstacles to the development of large scale EE/RE markets in the
region?

The two case studies included in chapter 7, on Egypt and Tunisia, provide more precise information
on RE/EE development in countries and identifies investments needed to generate an enetrgy
development path compatible with lower emissions and sustainable development targets.

Finally, chapter 8 provides a detailed review of the fossil fuel-based electricity sector and identifies
and estimate cost of emission reduction options.
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KEY MESSAGES

The extension and updating of the Observatoir Méditerranéen de U’Energie (OME) trend scenario (2007), based on an
aggregate of the evolutions estimated by the countries and the major energy companies, reveal that primary energy
demand in the Mediterranean basin will be 1.5 times higher in 2025 compared to 2006. Over the same period, the
Southern and Eastern Mediterranean Countries (SEMCs) could experience growth rates of their energy demand four times
higher than those of the Northern Mediterranean Countries (NMCs). Between 2006 and 2025, primary energy demand in
the SEMCs—which are in full development process and whose population is increasing significantly—could thus multiply by
2.2. The SEMCs would, then, account for 42% of the total energy demand of the Mediterranean basin, as against 29% in
2006, the remainder being claimed by the NMCs.

In 2006, Turkey claimed 34% of the primary energy consumption of the SEMCs, which makes of it the largest energy
consumer of the sub-region. Egypt ranks second, accounting for 23% of the consumption of the SEMCs. For the time frame
2025, Turkey is likely to gather weight (thus ascending to the rank of the second largest consumer basin-wide), by
claiming 43% of the primary energy demand of the SEMCs.

Energy demand is marked by an exponential growth of demand on electricity, at a pace much faster than that of GDP, of
primary energy consumption and of population, particularly in the SEMCs. For this set of countries, the demand is likely to
multiply by 2.6 between 2006 and 2025, mainly due to a tripling of the consumptions of Turkey, Tunisia and Algeria, and
a doubling up of the consumptions of Egypt and Morocco. The expected development of the industrial sector, improved
access to electricity, and higher standards of living (directly connected with the consumption of the residential sector)
are the reason for these consumption upsurges.

In 2006, fossil energies (oil, gas, coal) accounted for as much as 80% of the energy supply of the Mediterranean countries
as a whole and 94% for the SEMCs alone (75% for the NMCs). Four countries are hydrocarbon-exporting (Algeria, Libya,
Egypt and Syria) and supplied in 2005 some 22% and 35% of the oil and gas imports of the whole Mediterranean basin. All
the other countries are net energy importers. By 2025, according to the OME trend scenario, the weight of fossil energies
is likely to stabilize at equivalent levels. Natural gas will increasingly gain in weight and will be available in all the
countries by 2009; it is likely to account for 37% of the primary energy demand in 2025 in the SEMCs. Coal persists,
particularly for electricity production. The share of renewable energies (biomass excluded) would remain thin, passing
from 2.8% of primary energy to 3% in the SEMCs (3 to 4.2% in the NMCs).

Final demand per sector reveals that in the NMC transport had reported the highest consumption growth for 30 years,
thus posting 32% in 2005. In the SEMC, all sectors are significantly increasing their consumption, with industry and the
residential sector being the largest consumers in 2005 (36 and 27%).

Such a trend scenario foretells increased risks and impacts:

e The CO, emissions due to energy consumption are likely to increase, between 2006 and 2025 by 55% in the NMCs and
by 119% in the SEMCs. All in all, by 2025, the SEMCs are likely to emit almost as much as the NMCs (47% of the basin-
wide CO, emissions) in absolute value, as against 33% in 2006. They would be emitting, however, in ton/inh. 56% less
than the NMCs by 2025;

e The energy dependence of the importing countries would increase significantly and more rapidly for the importing
SEMCs (passing from 77% in 2006 to 88% in 2025) than for the NMCs (passing from 68% to 73% over the same period);

e The social and economic risks connected with the rise in supply costs and its repercussions on the energy bill of the
countries, households and enterprises are already acutely felt in the current context of generalized rise of the price
of hydrocarbons and of price volatility.

Awareness of the need to ease the energy constraints and of the obvious nexus between environment and development in
the Mediterranean is on the increase. It has been given concrete expression in the North via the adoption of drastic
measures geared towards the development of energy efficiency, promotion of renewable energies and reduction of GHG
emissions. On regional scale, and on the political level, the adoption, in November 2005, of the “Mediterranean Strategy
for Sustainable Development” (MSSD) by the 21 countries and territories signatory of the Barcelona Convention for the
protection of the Mediterranean Sea, stands as a major sign. Similarly, several regional projects are underway in various
fields (energy efficiency, renewable energies . . .). Besides, on national level, several SEMCs tend to espouse an
increasingly sober energy vision.

Thus, several options are available for several simultaneous actions: reduce CO2 emissions, meet the services demand
expected from energy, and secure supply.

These options, their feasibility in the SEMCs, their benefits and their costs are analyzed in Parts 2 and 3 of this report..



INTRODUCTION

Context and objectives

Globally, Southern and Eastern Countries (SEMCs) face a rapid demographic growth, combined
with relatively low incomes, as well as a rapid urbanization rate with an important socio-economic
development needs. This translates into a growing new demand for energy services and related
infrastructures. Indeed, in all SEMCs, energy demand (electricity, in particular) is increasingly rising.
In contrast, Northern Mediterranean Countries (NMCs) are characterized by more mature
economies. This is illustrated by sectoral transformations of their economies towards the services
sector and a saturation of certain energy demand and services.

Despite of being gathered around a commonly shared sea, Mediterranean countries are characterized
by some major differences, both between the Northern and the Southern/Eastern shores. Four
countries are exporter of hydrocarbon (Algeria, Egypt, Libya and Syria); all others are importer
(including Tunisia, small producer). The Northern countries consume around two third of the basin
energy use. They are seeking to diversify their energy supply while trying to reduce their
environmental impact and achieve their Kyoto Protocol targets of GHG emission reduction. In the
Southern countries, the main challenge is to answer the fast growing energy needs, while minimizing
environmental impacts (global and local), gaining in competitivity, ensuring energy security in an
acceptable macroeconomic and social point of view.

In this context, the objective of this study is to analyze the way in which the increasing demand in
the Mediterranean region would be adressed, and to assess the impacts of such a development and
to take stock of reflections / actions to improve the sustainability and the carbon intensity of the
energy sectof.

Sources of information

This chapter is based on an update and extension of the prospective study already performed by
OME in 2005 and 2007 in collaboration with and in the framework of Plan Bleu activities.
Additional information has been gathered from OME members, literature and international
organisations. A questionnaire was circulated, through national companies (OME Members). The
data from forecasts of the major energy companies in the region that OME collected through this
questionnaire, are aggregated and supplied the inputs of this analysis of the so-called “trend
scenario”. It has to be noted that an extensive work is being performed by OME for the
construction of a projection model for the Mediterranean region which will provide in-house
scenarios.

About the chapter

The Mediterranean, as defined in this chapter, is divided into two sub-regions: the countries of the
Southern and Eastern Mediterranean (SEMCs) and the countries of the Northern Mediterranean
(NMCs). Countries of the Southern and Eastern Mediterranean Countries (SEMCs) includes - For
the East - Turkey, Israel, Palestine, Syria and Lebanon and -For the South- Egypt, Libya, Tunisia,
Algeria and Morocco. Countries of the Northern Mediterranean Countries (NMCs) includes Spain,
France, Italy, Greece, Cyprus, Malta, Monaco, Albania, Slovenia, Croatia, Serbia, and Bosnia-
Herzegovina (the last five forming the East Adriatic countries group).
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The chapter includes three main parts:

e The first part deals with the major trends in energy demand in the Mediterranean region both
primary energy demand, electricity and final energy demand

e The second part analyses some related challenges in regards with major trends, in particular
dependency issues and CO, emissions.

e The last part reminds that options are available to avoid unsustainable trends and that several
initiatives exist in that purpose.

49



|. MAJOR TRENDS IN ENERGY DEMAND

The Mediterranean region accounts for 7.2% of total world population, 9% of total primary energy
supply (TPES), 10% of electricity consumption and 8% of CO, emissions. Per capita primary energy
consumption in the Mediterranean is somewhat higher (+16%, 2100 against 1800 koe/cap) than the
World’s average, while per capita electricity consumption is 1.5 higher than the World’s average
(3900 kWh/cap against 2596 kWh/cap). Concerning CO, emissions parameters, Mediterranean
countries have the same level as the World’s average of CO, per capita and CO, per toe of primary
energy consumption (4.6 t CO,/cap against 4.2 CO,/cap in the wotld; and 2.2 t CO,/toe against 2.4
CO,/toe in the wotld) (Table 1).

Compared to Industrialized countries (as OECD countries), the Mediterranean per capita energy
consumption is about half of their levels (2.1 koe/cap against 4-4.7 toe/cap in OECD). The same
proportion for per capita electricity consumption is valid (3900 kWh/cap against 8200 kWh/cap).
Concerning the CO, emissions for primary energy consumption, the Mediterranean emits about the
same level of CO, by toe (2.19 CO,/toe against 2.34 CO,/toe). The level of per capita CO,
emissions, however, is lower (4.6 t CO,/cap against 11.1 t CO,/toe for OECD countties).

Table 1 - The Mediterranean over World

MONDE MED % Med/Monde
Population million 6432 461 7,2%
PIB Mds$2000 36281 4269 11,8%
PIB (ppa) Mds$2000 54618 6250 11,4%
Prod. Energ. Mtep 11468 643 5,6%
Importations nettes Mtep 4476 576 12,9%
CEP Mtep 11434 968 8,5%
Prod. Elec TWh 18235 1816 10,0%
Cons. Elec TWh 16695 1664 10,0%
Emissions CO2 Mt CO2 27136 2118 7,8%
CEP/pop tep/hab. 1,778 21 118%
CEP/PIB Tep/1000$2000 0,315 0,227 73%
Prod. Elec/pop kWh/hab. 2835 3944 139%
Cons. Elec/pop kWh/hab. 2596 3477
CO2/CEP t CO2/tep 2,373 2,188 93%
CO2/pop t CO2/hab. 4,219 4,600 109%
CO2/PIB kg C02/$2000
% Dépendance Import. nettes/TPES 59%
Infrastructure MONDE MED OME % Med/Monde
Capacité installée GW 3754 412 11,0%
Nbre de raffineries Unité 661 89 13,5%
Capacité de raffinage Mt/an 4362 496 11,4%
Nb d’usines GNL Unité 18 7 39%
Nb de trains GNL Unité 77 24 31%
Capacité GNL Mt/an 186 37 20%
Réserves gaz. x1000 bcm 181 8,1 4,4%
Réserves pétrol. Gt 164 8,1 4,9%

Sources: WDI Indicators 2007 for 1971 to 2005, & Direct communication, OME.

Compared to the UE-25, the Mediterranean has currently the same population (about 460 Millions).
The Mediterranean primary energy and electricity consumptions represent about half of the EU25
consumptions. Therefore, per capita consumption of primary energy and electricity in the
Mediterranean are about half for the EU-25. Even though Mediterranean countries consume only

half of the UE25 energy consumption, Mediterranean countries emit the same level of CO, by toe
(about 2.2 t CO,/toe).
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The energy dependency on imports is much lower for Mediterranean countries (35%) compared to
55% in the UE25; this is mainly due to the important energy production coming from the SEMC
exporter countries.

However, the Mediterranean situation hides significant disparities between the 2 areas of the region
and between the countries themselves. Indeed, the largest share of energy is consumed by Northern
Mediterranean Countries (72%) and the remaining 28% by the Southern and Eastern Mediterranean
countries (14.7% for the SE &13.6% for the SW).

1. A FAST GROWING DEMAND, IN PARTICULAR IN THE SOUTH AND
EASTERN COUNTRIES

Trends in primary energy consumption are illustrated in Figure 1. Total Mediterranean energy
consumption increased from 402 Mtoe in 1971 to 968 Mtoe in 20006, growing at an average annual
rate of 2.5% during this period. The Mediterranean region represents around 8.5% of world
consumption. SEMCs energy consumption increased from 48 Mtoe in 1971 to 278 Mtoe in 2000,
growing at an average annual rate of 5.1% while NMCs growth is slower at about 1.9% (354 to 691
Mtoe between 1971 and 2000).

In the future and according to forecasts issued by the main energy companies operating in the
Mediterranean countries, the primary energy demand will continue to strongly increase: from 968
Mtoe in 2000, it should reach 1454 Mtoe by 2025 (Table 7.). One can notice that compared with the
trend scenario published in 2005 by Plan Bleu , an acceleration of the demand growth is observed
(the total primary energy consumption was forecasted at 1365 Mio tep in the 2005 scenario).

The fast increase of energy demand in the SEMC is first due to the trend in Turkey. Indeed, this
country accounts in 2006 for 34% of the total demand in the SEMC. The same figure could be 43%
in 2025 which would make Turkey the second largest consumer in the Mediterranean. Algeria and
Egypt are also expected to be large consumers in 2025. The share of other countries is less
important since they are smaller but some of them are expected to register the fastest growth rate in
energy consumption (PNA., Tunisia and Syria first).

The share of SEMCs consumption in the global Mediterranean region has constantly been
increasing from 12% in the early 1970s to 29% in 2006. This share is expected to reach 42% of the
total in 2025.

The growth of primary energy consumption per capita reached an average of 1.3% per year between
1971 and 2006 (Table 1.8). NMCs growth reached 1.6% whereas that of SEMCs 2.8%, thereby
decreasing the gap between the two regions. In fact, SEMCs per capita consumption is currently
one-third that of NMCs, compared to one-fifth in 1971. This measure should reach about one half
by 2025.
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Table 2 - Trends in primary energy consumption
Primary Energy Consumption (in Mtoe) Annual rate of growth (%)
1971 1990 2006 2025 1971-2006 2006-2020
North Med 354 535 691 848 19% 1,1%
SE Med 31 79 141 352 4,5% 4.9%
SW Med 18 80 137 257 6,0% 3.4%
SEMCs 48 159 278 609 5.1% 4,2%
TOTAL 402 694 968 1457 25% 2.2%
FEMIP 2 % 172 325 5.4% 34%
Source: OME
Table 3 - Per capita primaty energy consumption (in koe/cap)
koe/
oelcap 1971 1990 2000 2006
Norh Med 2078 2843 3273 3483 4120
SE Med 631 1009 1227 1319 2671
SW Med 242 678 778 881 1320
SEMCs 397 810 961 1059 1866
TOTAL 1379 1807 1988 2103 2738
FEMIP 326 705 822 912 1369

Source: OME

2. DEMOGRAPHY AND ECONOMIC TRENDS: THE MAIN DRIVERS OF
ENERGY DEMAND

The determinant factors of the energy demand evolution are demographic and economic trends.

Demographic trends: growth in the South and East, stabilisation in the North

The population of the Mediterranean amounts to 461 Million inhabitants in 2006, with that of
SEMC:s rapidly outpacing that of NMCs (Figure 1.1.). While the average annual population growth
rate in SEMCs is expected to slow down to 1.2% (from 2.2% in the period 1971-2000), total
SEMCs’ population should reach 326 million by 2025. In contrast, population in NMCs has been
stabilizing and should continue to grow at an average 0.2% per year until 2025, reaching 206 million
inhabitants (see Erreur ! Source du renvoi introuvable.). It should also be noted that concerning
SEMCs’ population, the bulk of the population will be concentrated in Egypt, Turkey, Algeria and
Morocco, which together will represent 80% of the total population in SEMC:s.



Table 4 - Demographic trends in the Meditetranean countries (1971-2025)

Population (in million inhabitants) Annual rate of growth (%)
1971 1990 2006 2025 1971-2006 2006-2025
North Med 170 188 198 206 0,4% 0,2%
SE Med 48 78 107 132 2,3% 1,1%
SW Med 73 17 155 195 2,2% 1,2%
SEMCs 121 196 262 326 2.2% 1,2%
TOTAL 291 384 461 532 1,3% 0,8%
FEMIP 84 138 189 238 2,3% 1,2%

Sources: WDI Indicators 2007 for 1971 to 2005, & Direct communication with national institutions for 2006-2025 forecasts.

Economic Development: higher growth in the South and East

Economic growth is another essential determinant of energy consumption. Global Mediterranean
economic growth has reached an average of 2.8% per year between the early 1970s and 2006. This
growth has slightly slowed down in the past five years (2.0%). Economic growth in the SEMCs was
twice that of the NMCs (4.0 and 1.6%, respectively) between 2000 and 2006 (Table 1.3.).

Table 5 - GDP growth rate (%o)

Annual rate of growth (%)
1971-2006 2006-2025
North Med 2,5% 2,0%
SE Med 4,2% 4,1%
SW Med 4,5% 34%
SEMCs 4,3% 3,8%
TOTAL 2,8% 2,4%
FEMIP 4,3% 34%

Sources: WDI Indicators 2007 for 1971 to 2005, & Direct communication with national institutions for forecasts..

Despite a more sustained overall economic growth in SEMCs, the gap of GDP per capita between
the two regions remains considerable, reaching on average the order of 1 to 6.3 in 2005 (Table 1.4.).
The disparity between the lowest and the highest GDP per capita in the Mediterranean is 1175 US§
in Syria, as compared to 23500 US§ in France. Indeed, SEMCs are confronted with relatively low
incomes and fast growing populations. In addition, developing countries of the region face a rapid
urbanization which translates into new needs for collective infrastructures, such as schools, hospitals
and energy networks. According to several forecasts, this average disparity should slightly decrease
(in the order of 1 to 5.3) by 2025 assuming a yeatly average 3.9% economic growth rate in SEMCs.
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Table 6 - GDP per capita in the Mediterranean countries (1971-2025)
GDPI/capita using exchange rates Annual rate of growth (%)
(billion $2000)
1971 1990 2006 2025 1971-2005 2005-2025

North Med 8557 13894 17621 25071 2,1% 1,8%
SE Med 2205 2902 4159 7278 1,8% 3,0%
SW Med 908 1286 2004 3022 2,3% 2,2%
SEMCs 1425 1933 2882 4741 2,0% 2,7%
TOTAL 5591 7798 9270 12601 1,5% 1,6%
FEMIP 1228 1757 2369 3631 2,0% 2,1%

Sources: Direct communication with national institutions.

3. ENERGY SUPPLY IN THE REGION

The availability of conventional energy resources is also an important factor in the structure of the
energy demand in the region, which is globally more and more facing energy dependency challenges.

Indeed, the Mediterranean area is divided between energy importers and exporters. The Northern
shore is exclusively net importer of fossil fuels while the SEMCs are further divided between
exporters, (Algeria, Egypt, Libya, and Syria) with the remaining countries importing most of their
energy needs.

In 2005, the Mediterranean’s exporter countries supplied about 22% of imported Mediterranean’s oil
and 35% of imported Mediterranean’s gas. This is due to a sustained oil and natural gas production
in the SEMC export countries. In fact, primary energy production in SEMCs represented 1.4 times
that of NMCs in the 1990s and 1.8 times in the early 2000s. This ratio is expected to increase by
2025 to reach 3 times the production of NMCs. In NMCs, the diminishing role of coal and oil
shocks has left room for nuclear, hydro and renewable energies development. This has been mainly
driven by diversification of supply purposes and technology development. In the meantime, the
primary energy production in SEMC export countries is expected to grow very strongly (2.8%
annually between 2006-2025 against 1.8% between 1971 and 2006). The SEMCs total energy
production is expected to reach about 710 Mtoe against 420 Mtoe in 2006, including mainly natural
gas and oil produced by a few exporter countries (as Algeria, Egypt, Libya, and Syria).

To contribute to these energy trades, important existing infrastructures exist in the region, such as
oil refineries, oil loading harbors’, LNG plants, LNG terminals, gas pipelines, electricity
interconnexions, etc.). Both existing infrastructure and planned projects are detailed in annex of this
report.

In 2006, Mediterranean countries imported a total amount of 576 Mtoe of fossil fuels, 468 Mtoe in
NMCs and the remaining 108 Mtoe were imported by southern/eastern importer countries. Average
import dependency in NMCs is 68% in 2006 (up from 65% in 2000) and is expected to increase
constantly to reach 73% in 2025. Highest dependency levels concern oil and gas..



Figure 2 - Primary energy production (in Mtoe)
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Table 7 - Net imports in the Mediterranean (in Mtoe)
1971 1990 2000 2006 2020 2025
North Med Importers 257 325 397 468 585 614
SEMC Importers 10 47 85 108 247 311
TOTAL Importers 267 372 482 576 832 925
SEMC Exporters - 188 - 176 - 206 - 251 - 406 - 410

Source: OME

Regarding SEMCs, energy import dependency is also high in most countries, with Morocco,
Lebanon, Israel and Turkey ranking first. Tunisia has recently become a net importer and is
expected to reach a much higher dependency level in the coming years (see 1.5 for more details).
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Table 8 - Energy import dependency 2006 (in%o)

All fuels All fuels Coal Qil Gas
2006 2005

Spain 78% 79% 71% 100% 100%
France 51% 51% 97% 99% 98%
Italy 87% 86% 100% 92% 86%
Greece 71% 67% 5% 99% 99%
Cyprus 100% 100% 100% 100% -
Malta 100% 100% 100% 100% .
Slovenia 50% 52% 100% 99%
Croatia 62% 63% 100% 74% 42%
Serbia & M. 35% 32% 6% 85% 90%
Bosnia-Herz. 36% 32% 4% 100% 100%
Albania 52% 52% 7% 75% -
Turkey 74% 72% 46% 92% 97%
Israel 87% 90% 100% 100% -
Jordan 96% 96% - 100% 83%
Palestine 100% 100% - 100% -
Lebanon 97% 96% 100% 100% -
Morocco 95% 95% 100% 100% 93%
Tunisia 23% 21% 100% 27% 31%
Syria

Egypt 100%

Libya

Algeria 100%

NMCs 68% 68% 62% 96% 92%
SEMCs importers 77% 76% 63% 91% 83%

Source: OME

4. PRIMARY ENERGY DEMAND BY SOURCE IN THE MEDITERRANEAN:
DOMINANCE OF HYDROCARBONS AND PENETRATION OF GAS

Figure 3 - illustrates primary energy consumption between 1971 and 2006 by source for the whole
Mediterranean region. Generally, trends show the increasing penetration of natural gas in the fuel
mix, and the relative stability of coal and oil. The share of each fuel in 2006 is 44% for oil, followed
by natural gas (25.7%), nuclear (13.3%), coal (11.8%), hydro and renewable together (6.3%).
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Figure 3 - Trends in primary energy consumption in the Mediterranean (by source)
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The following observations can be made for each energy source:

Coal is mostly used in the countries of the Northern shore of the Mediterranean and in Turkey,
Israel and Morocco. Its consumption increased from 67 Mtoe in 1971 to about 114 Mtoe in 20006,
an average yearly increase of 1.6%. The share of coal slightly decreased (from 16.7% in 1971 and
14.5% in 1990) and currently represents 11.8%.

Coal consumption in the region is expected to reach 190 Mtoe by 2025 (an annual average increase
of 2.7%). This increase in coal consumption is mainly due to the projects of coal power stations in
Turkey, Morocco and foreseen new development in Tunisia. The contribution of coal to the overall
energy supply will remain stable at around 12% during the period under consideration, consumption
in real terms progressing from 114 Mtoe in 2006 to 190 Mtoe in 2025.

The consumption of coal in the SEMC:s is likely to increase from 41 to 115 Mtoe between 2006 and
2025, mainly due to the expected growth in Turkey but also in Israel, Morocco and Tunisia.

The NMCs’ coal consumption should slightly increase, from 73 Mtoe in 2006 to 75 Mtoe in 2025,
unless the recent commitments of the European Union to reduce its emissions of Carbon Dioxide
bring further reductions in coal consumption.

The present estimates already show that coal is resisting the competition in the Mediterranean
despite the increase in the use of natural gas. This is linked in particular to its integration in countries
which are large producers as well as large consumers, such as Spain, Italy and France, and its use is
maintained in countries such as Turkey, Isracl and Morocco who see it as a means of diversification
and a secure energy source.

Oil has constantly been the dominant fuel in the energy mix of Mediterranean countries. Its
consumption had increased from 272 Mtoe in 1971 to 415 in 2006, with a yearly average increase of
1.3%. Its share, however, has been decreasing from 68% in 1971 to 49% in 1990 and 43% in 2000.

In the future, oil consumption is expected to reach 558 Mtoe (average annual growth of 1.8% until
2025) and its share should stabilize at about 38%. In fact, oil will preserve its leading position in the
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Mediterranean and concentrate in those areas of use where no real alternative exists (typically motor
fuel and lubrification oils). The relative regression for oil products is essentially explained by the
competition from gas in the household and tertiary sectors, especially in the electricity sector (see
chapter 2.).

Growth in oil consumption is expected to be higher in SEMCs (3.0%) than in NMCs (0.7%). The
difference is being mainly explained by the fast growing demand in transportation sector. As such,
oil consumption in SEMCs should increase from 125 in 2006 to 222 Mtoe in 2025 while that of
NMCs from 290 to 336 Mtoe in the same period.

In sum, it can be noted that the substitution, notably from crude oil in its capacity as "fuel" to gas
and electricity, and the widely increasing "transport” uses, should accelerate the retreat of crude oil
to its noble uses - transport and petrochemicals - for which it appears difficult to find a substitute,
particulatly in the time-scale of this study.

Gas - During the past decades, the average annual increase in the demand for natural gas was about
0.9% a year, increasing from 24 to 249 Mtoe — a ten-fold increase between 1971 and 2006
(increasing three times more rapidly than the total primary energy consumption). One of the key
factors of this considerable growth of the overall energy and natural gas demand is the strong
growth of gas-based electricity generation (due to the numerous power plant projects using natural
gas, see chapter 2). The share of natural gas in the energy balance increased from 6% in 1971 to
more than 26% in 2006. In 2025, it should reach a level of 33%, 472 Mtoe with a 3.5% average
increase per year.

As we will see in chapter 2, 99 Mtoe of gas natural (40% of the total gas consumption) was burnt in
gas power plants in 2006. By 2025, about 226 Mtoe (48% of the total gas consumption) is expected
to be burnt in gas power plants by 2025.

In the early 1970s, only five Mediterranean countries used natural gas, whereas currently natural gas
has a significant share in the energy balance of almost all Mediterranean countries' (except Cyprus,
Malta, Lebanon and Palestine). It is also expected that all Mediterranean countries will increasingly
consume natural gas and reach a share of 33% by 2025. (see. Figure 4)

Figure 4 - Penetration of natural gas in Mediterranean countries (Mtoe &%)
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Favourite source of fuel for the new power stations in the North as in the South, natural gas will
also see an increase by its penetration in the residential and tertiary markets of the SEMCs, boosted
by the population growth and by the increased urbanization of coastal areas.

| The last entrants were Portugal in 1997, Greece in 1999 (with Algerian LNG), Jordan in August 2003 (with Egyptian gas via the Arab Gasline),
Israel since 2004 (with local off-shore production), and Morocco in January 2005 (with commissioning the first NGCC power plant at Tahadart
supplied by Algerian GPDFgasline). With the extension of the Arab Gasline, Cyprus, Lebanon and Palestine will join the gas consumer
countries.
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The high natural gas consumption levels should easily be satisfied by the availability of the gas
reserves (8500 bem in SEMCs), but will of course require major investments in infrastructures to
link production regions to consumption centres.

Nuclear Energy - After a period of rapid growth between the 1970s and 1990s, nuclear energy
consumption has remained stable at around 126 to 129 Mtoe between 2000 and 2006. Its share in
the energy mix has remained relatively stable at around 13-14% in the last 15 years and should be
falling to less than 10% between 2006 and 2025. Its rapid development in the early named period
was linked to the massive development of the French nuclear program that started in the 1970s. The
growth of nuclear energy in NMCs slowed down following the Italian moratorium on this energy
source and the Spanish decision to stop its further development.

Currently, nuclear energy is absent from SEMCs energy mix, even though several nuclear power
stations had been announced. In particular, both Turkey and Egypt have recently called for a nuclear
plan of action. Indeed, even their own national energy forecasts that nuclear power generation will
represent 4 to 7% of total power production by 2015. In addition, Tunisia is planning to introduce
nuclear in their energy mix (2000 MW by 2025). In case these projects come to completion, nuclear
would represent a share of 2.2% in primary energy demand of SEMCs by 2025.

Renewable energy”’ (RE) (including hydro) - RE in the Mediterranean accounted for 36 Mtoe in
1971 and increased to 71 Mtoe in 2000, representing an annual average growth rate of 1.7%. They
are expected to increase with an annual average level of 1.9% between 2006 and 2025 (from 71 Mtoe
at present to 89 Mtoe in 2025%).

Table 9 - Primary Energy Consumption by Source & by Area

NMCs TPES (Mtoe)
Coal Oil  Nat. Gas Nuclear Hydro RE Toal
1971 62 240 22 4 12 14 354
1980 73 279 49 18 15 14 448
1990 79 249 76 97 12 23 536
2000 70 269 115 126 15 27 622
2006 73 290 154 129 15 30 691
2010 66 310 173 131 16 32 728
2020 66 335 222 130 17 38 808
2025 75 336 243 130 17 43 844
SEMCs TPES (Mtoe)
Coal Oil  Nat. Gas Nuclear Hydro RE Toal
1971 5 32 2 0 1 7 48
1980 8 60 1 0 2 10 91
1990 22 93 30 0 3 1 159
2000 34 118 61 0 4 1 228
2006 41 125 95 0 5 1 278
2010 50 158 126 0 7 12 353
2020 96 205 196 1 12 15 535
2025 115 222 229 14 12 16 608

2 Detailed information about renewable energy are given in Part Il, chapter 3.
3 Corresponding for Hydro: from 20 Mtoe in 2006 to 30 Mtoe by 2025; and for renewable energies: from 4| to 59 Mtoe by 2025
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Med TPES (Mtoe)
Coal Oil  Nat. Gas Nuclear Hydro RE Toal
1971 67 272 24 4 13 22 402
1980 81 339 60 18 18 24 539
1990 101 342 106 97 15 34 695
2000 103 387 176 126 19 38 850
2006 114 415 249 129 20 41 969
2010 116 467 299 131 23 44 1081
2020 162 541 418 141 30 53 1343
2025 190 558 472 144 30 59 1452

Source: OME
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Il. SPECTACULAR GROWTH IN ELECTRICITY DEMAND

The electricity sector in the Mediterranean region is developing fast and electricity growth in the
Mediterranean is much higher than the economic, primary energy consumption and population
growths. This is more specifically the case in SEMCs, where both electricity and primary energy
consumption grow much faster than economic and demographic parameters. For this group of
countries, the electricity demand could be multiplied by 2,6 between 2006 and 2025.

The developments in the industrial sector (for example new processes and automation) and
improvements in living standards in the residential sector (for example appliances and air-
conditioning) are the main factors explaining this fast trend.

Figure 5 - Mediterranean: Trends in selected parameters (1970 = index 100)
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Strong electricity demand is one of the main determinants of the important growth in primary
energy consumption in the Mediterranean countries. In 20006, in the SEMC, fossil fuels used for
power generation represents 34% of the total primary energy supply. Most striking in the electricity
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trends observed is the spectacular increase in the share of natural gas mainly in substitution of oil
and the “resistance” of coal.

Electricity consumption in the Mediterranean countries is closely linked to the level of economic
development. It can be noted that the per capita electricity consumption differs between the two
shores of the Mediterranean, with an average of 6810 kWh/cap in NMCs as compared to 1780
kWh/cap in SEMCs. The ratio of per capita electricity consumption between SEMCs and NMCs
has decreased from 1/8 in 1971 to 1/4.2 in 2006 and should reach 1/2.3 in 2025

Table 10 - Per capita electricity consumption (in kWh/cap)

1971 1990 2000 2006 2020 2025
PNM 2259 4776 6119 6810 8205 8700
SE Med 417 1168 2074 2504 4975 5499
SO Med 191 715 1021 1278 2271 2504
PSEM 281 897 1451 1778 3364 3713
Méditerranée 1437 2799 3524 3944 5248 5641
FEMIP 284 513 1247 1504 2442 2722
Source: OME
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lll. TOTAL FINAL CONSUMPTION BY SECTOR:
IMPORTANCE OF TRANSPORT IN THE NORTH AND
RESIDENTIAL/INDUSTRY IN THE SOUTH

Trends in total final consumption (TFC) by sector in the Mediterranean are showing an average
growth of 2.2% per year between 1971 and 2005. The average yearly growth by sector in the same
period is 3.5% for the transport sector, followed by the residential & other sectors (2.7 and 2.7%,
respectively) and the industrial sector (1.6%). The sectoral breakdown of TFC in 2005 is divided up
between residential & others (23 and 14%, respectively), followed by industry (33%) and transport
(30%). The shares of the transport sector (22 to 30%) and that of the residential sector (21 to 23%)
have increased in the sectoral breakdown.

Concerning NMCs, trends in total final consumption (TFC) by sector recorded an average growth
of 2.0% per year between 1971 and 2005. The average yearly growth in the same period is 3.2% for
the transport sector, followed by the residential & other sectors (2.1 and 2.0%, respectively) and the
industrial sector (1.1%).The sectoral breakdown of TFC in 2005 is divided up between residential &
others (22 and 15%, respectively), followed by transport (32%) and industry (31%). The share of the
transport sector in NMCs has considerably increased in the period under consideration (20 to 32%).

As far as SEMCs are concerned, trends in total final consumption (TFC) by sector recorded an
average growth of 4.9% per year between 1971 and 2005. The average yearly growth by sector in the
same period is 4.7% for the transport sector, followed by the residential & other sectors (4.1 and
0.1%, respectively) and the industrial sector (5.5%).The sectoral breakdown of TFC in 2005 is
divided up between residential & others (26 and 11%, respectively), followed by industry (36%) and
transport (25%). It should be noted that the share of industry in SEMCs has grown considerably
between 1971 and 2005 (from 30 to 36%).

Figure 6 - NMC:s total final consumption (by sector)
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Figure 7 - NMC:s total final consumption (by sector)
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IV. RISKS AND IMPACT OF THE ENERGY SYSTEM
DEVELOPMENT

This paragraph highlights how and how much the situation and prospects for energy demand in the
Mediterranean region will impact CO, emissions, dependency challenges as well as socio-economic
development.

1. CO, EMISSIONS FROM ENERGY CONSUMPTION: BY 2025, TO MORE
THAN DOUBLE AS COMPARED TO 1990

The CO; emissions from energy consumption are estimated from calculations based on energy
balances of the Mediterranean countries. The methodology is similar to the sectoral approach used
by the International Energy Agency (IEA), using IEA emission factors by energy source”.

For the Mediterranean region, the CO; emissions from energy consumption has increased from
1547 Mt CO; in 1990 to 1837 Mt CO, in 2000 and continued to increase to 2118 Mt CO, in 2006.
Emissions are expected to reach 3294 Mt CO; by 2025 and thus more than double as compared to
their 1990 level (see Tablel1.).

For NMCs, the CO; emissions from energy consumption has increased from 1145 Mt CO; in 1990
to 1253 Mt CO; in 2000, and continued to increase to 1409 Mt CO, in 2006, which is 23% higher
than the 1990 level. They are expected to reach 1740 Mt CO; by 2025. The growth rate was 1.35%
from 1990 to 2006, and is expected to continue at a 1.14% annual growth rate up to 2025 in the
baseline scenario. By 2025, to keep the NMCs CO, emission level equivalent to 1990 (1145 Mt COy)
(the reference year for the Kyoto Protocol), the quantity to be saved will be 596 Mt CO,, which
corresponds to the CO, emissions of Italy, Greece, Croatia and Bosnia in 2006.

In SEMCs, CO; emissions from energy consumption have increased from 402 Mt CO, in 1990 to
583 Mt CO; in 2000 and continued to increase to 709 Mt CO; in 20006, which is 76% higher than
the 1990 level. It is expected to double in 2025 (1553 Mt CO»). The growth rate was 3.6% for the
period 1990 to 2006 and is expected to reach 4.2% by 2025 in the baseline scenario.

In 2025, SEMC would then contribute to around half the emission of the whole basin (47%) ; but
per capita they will emit around 1.8 times less than the NMC.

Indeed, CO; emissions per capita increased from 4000 kg CO; in 1990 to 4300 kg CO; in 2000 and
continue to increase to 4600 kg CO; in 20006 in the region. It is expected to reach 6190 kg CO, by
2025 (see Table 12.). For NMCs, per capita CO, emissions from energy consumption increased
from 6080 kg CO» in 1990 to 6600 kg CO; in 2000 and continued to increase to 7100 kg CO; in
20006, which is 17% higher than the 1990 level. It is expected to reach 8460 kg CO, by 2025. For
SEMCs, the CO; emissions from energy consumption increased from 2053 kg CO; in 1990 to 2458
kg CO; in 2000 and continued to increase to 2705 kg CO» in 2006, 32% higher than the 1990 level.
It is expected to reach 4758 kg CO; by 2025.

* The mean values of IEA factors used for these calculations are the following:

Coal Oil N. Gas
t CO; by toe 3.80 2.70 2.26

Source: IEA
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Figure 8 - CO; emissions activities, NMC-SEMC, trend scenario 1971-2025
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Table 11 - Total CO; emissions from energy consumption (in Mt COy)

1971 1980 1990 2000 2001 2002 2003 2004 2005 2006 2010 2020 2025
Spain TI17 187 270 780 201 306 311 328 335 320 361 270 205
France 427 466 371 374 386 383 389 392 397 400 421 459 489
Italy 295 338 372 417 417 419 435 438 445 463 466 527 576
Greece 25 44 66 80 83 83 85 86 87 99 110 123 125
Cyprus 2 3 4 6 7 7 7 7 7 10 8 10 10
Malta 1 1 2 2 2 2 2 3 3 3 3 4 4
Ex-Yug 61 96 - - - - - - - - - - -
Slovenia - - 12 13 14 15 15 15 15 14 14 14 14
Croatia - - 21 17 18 19 20 20 20 20 24 32 35
Bosnia & H. - - 22 12 13 12 13 14 15 15 16 18 19
Serbia & M. - - 57 39 4 44 48 52 49 51 51 54 58
Albania 4 7 6 3 3 4 4 4 5 5 5 6 6
North Med 932 1141 1145 1253 1276 1293 1329 1 359 1378 1409 1478 1 656 1741
Turkey 41 69 134 200 180 190 201 209 218 246 326 582 715
Syria 7 14 30 44 43 45 45 45 45 47 58 88 97
Lebanon 6 6 13 14 14 16 14 15 15 21 25 27
Palestine - - - - - - - - 2 2 4 5 5
Israel 17 23 34 58 61 61 63 63 62 63 75 89 100
SE Med 70 112 205 315 298 311 325 330 342 374 483 788 943
Egypt 19 37 79 109 112 125 132 136 146 151 188 268 278
Libya 4 18 29 44 44 45 46 48 49 48 58 70 75
Tunisia 4 8 12 17 18 18 18 19 20 20 29 37 40
Algeria 10 30 59 71 71 76 81 82 79 82,4 97 147 159
Morocco 6 12 18 28 31 32 31 34 35 35 46 53 57
SW Med 42 105 197 268 276 296 309 319 329 336 418 575 610
SEMCs 112 217 402 583 574 606 633 649 670 709 901 1363 1553
TOTAL 1044 1358 1547 1837 1 850 1899 1962 2008 2048 2118 2379 3019 3294
FEMIP 69 135 248 354 363 385 400 409 421 434 538 739 791

Source: OME
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1971
3435
8341
5457
2792
2774
2286

1689
5475
1132
1111
1995

5564
1455

515
1847

673
400
574
925
3583

1980 1990 2000 2001 2002 2003 2004 2005 2006
5009 5406 7177 7 146 7407 7 406 7679 7723 7 458
8 645 6544 6342 6 527 6421 6474 6482 6521 6533
5981 6 567 7 330 7327 7334 7548 7536 7 598 7 842
4544 6452 7 360 7 558 7548 7696 7 806 7 844 8895
4942 7624 9321 9338 9274 9900 9038 8950 13032
2982 6378 5435 5867 5339 6042 6318 8234 7 996
- 5963 6743 7121 7288 7283 7374 7388 7034
- 4422 3818 4026 4263 4573 4502 4490 4408
5169 3087 3288 3149 3351 3552 3776 3844
- 5451 4763 5089 5454 5878 6454 6112 6398
2688 1855 956 999 1167 1242 1198 1498 1489
6300 6080 6607 6698 6745 6871 6962 7 006 7108
1549 2394 2959 2633 2732 2844 2931 3022 3370
1541 2358 2646 2492 2555 2480 2423 2359 2426
2341 2131 3830 4102 4036 4 436 3 966 4091 4249
- - - - - - 620 475
5956 7393 9213 9426 9309 9408 9239 8968 9000
1868 2616 3251 3020 3088 3169 3190 3247 3497
837 1416 1618 1635 1782 1858 1872 1974 2006
5913 6700 8246 8187 8220 8217 8425 8316 7990
1235 1433 1760 1827 1814 1830 1917 1999 1936
1596 2337 2333 2310 2425 2538 2523 2404 2469
637 762 1003 1084 1117 1082 1129 1154 1135
1148 1677 1911 1934 2037 2094 2118 2149 2159
1434 2053 2458 2378 2468 2535 2555 2596 2705
4084 4028 4301 4283 4343 4427 4470 4503 4600
Figure 9 - Per capita CO; emissions (in kg CO»)
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Table 12 - Per capita CO, emissions (in kg CO,/cap)

2010
8280
6773
7927
9777

10312
7215
7084
5324
3784
6042
1575
7418
4199
2712
5511

914

10 246
4237
2310
8696
2689
2757
1414
2511
3213
4960

Source: OME

2. THE CONCERN OF ENERGY DEPENDENCY

The energy dependency is calculated as the ratio of the net fuel imports over the total primary
energy consumption. As mentioned previously, the Mediterranean countries are divided up into
importer and exporter countries.

In the following, we consider three groups of countries:

e NMCs as a group of importer countries,

2020
9 046
7108
8956
10713
11311
9001
7005
6 862
4061
5951
1719
8070
6701
3439
5893
893
10 859
6059
2838
8484
2942
3677
1451
2996
4233
5727

2025
8902
7543
9787
10 867
11957
9625
7359
7 463
4338
6286
1702
8461
8145
3703
6165
1011
12 080
7 156
2907
8911
3163
3935
1533
3133
4758
6189

e Some net importer countries from SEMCs (Turkey, Israel, Palestine, Lebanon and Morocco) and

e Some exporter countries from SEMCs (Algeria, Libya, Egypt and Syria).
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e For the first group (NMCs), the global energy dependency increases from 61% in 1990 to 65% in
2000 before reaching 68% in 2006, and will be increase to 73% by 2025.

e For the second group of SEMCs importer, one can note that they are increasingly dependent on
energy import. In fact, their energy dependency increases quicker than that of NMCs. It goes up
from 60% in 1990 to 72% in 2000, before reaching 77% in 20006, and is expected to increase to
up to 88% by 2025.

e The third group of exporter from SEMCs exports about 185% to 200% of their primary energy
consumption (it was 223% in 1990, 188% in 2000 and 187% in 2006 and expected to reach 161%
by 2025).

e Global energy dependency for NMCs and SEMCs groups of importers is illustrated in Figure 1.3
where they follow similar trends and come close to the same rate of dependency by 2025; the
SEMCs being in a more “critical” situation.

Figure 10 - Global energy dependency of Mediterranean importers

100%
90% -
80% -
70% -
60% -
50% -
40% -
30% - == SEMC Importers
20% -
10% ~

0% \ \ \ T T T T
1971 1980 1990 1995 2000 2005 2010 2025

Global Energy Dependency (%)

== NMC Importers

Source : OME.

e Both groups of importers are increasingly concerned by growing natural gas dependency while
oil dependency has reached over 90% since the 1980s (Cf. Figure 11).

Figure 11 - Oil and natural gas dependency of Mediterranean importers
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e Concerning oil, Mediterranean countries are dependent on 26 export countries. The most
important sources are Russia, Saudi Arabia, Libya, Iran, Norway, Algeria, UK and Nigeria.
Mediterranean countries import 22% from the Mediterranean region itself (intra-trade
Libya/Algetia accounting for 15%), followed by the FSU 20%, the Middle East 15% (Saudi
Arabia 9%) and the Caspian 11% (Iran 8%), Europe 12% (5% & UK 4%; Netherlands 1%) and
Africa 5% (Nigeria 3%).
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Table 13 - Quantities of Oil imported by Otigin in 2005 (M)

importers |Port. | Spain | France | ltaly | Greece| Malta | ex-Yug.| Turkey | Syria | Egypt | Libya | Algeria | Tunisia| Med | Russia [other CE] M.East | Iran | Africa [Norway | UK [Other Eu] N.Am. |Lat Am.| Asia |No spec] Total
Portugal 0 875 | 217 | 171 10 0 0 0 0 0 1259 | 1804 0 4336 | 063 | 1508 | 1996 | 478 | 2278 | 504 | 1236 | 674 | 728 | 1ess 0 1011_| 17580
Spain 421 0 830 4540 25 0 0 298 758 244 7744 4191 679 19730 11196 3169 12381 3479 11350 3727 2591 3980 11644 1526 95 25 84893
France 57 | 838 74| 2649 | 41 14 0 141 | 1255 | 294 | 4244 | 6737 | 190 | 16534 | 18448 | 0603 | 17990 | 6381 | 6822 | 16027 | 11358 | 10674 | 1550 | 1170 | 748 | 324 | 117620
italy 28 | 212 | 1446 0 197 | 425 191 965 | 2698 | 2062 | 25894 | 6046 | 405 | 41660 | 20379 | 4077 | 16321 | o583 | 3583 | 3347 | 833 | 1138 | 2680 | 1418 | 404 o | 108413
Greece 0 43 179 | 917 0 0 23 14| 27 | 116 | 1452 0 0 2894 | 8614 | 673 | 7084 | 6592 | 68 0 48 651 241 369 | 228 o | 2ras2
IE prus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 2411 | 2411
Malta 0 0 0 0 0 0 0 0 50 0 240 0 0 290 0 0 0 0 0 0 0 0 ) 637 | oa1
|§ovema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2721 | 2121
Croatia 0 5548 | 5548
[Serbia 0 3810 3810
Bosnia & H 0 1219 | 1219
0 1119 1119
[Albania 0 1273 | 1273
[Turkey 103 2 758 | 357 2200 | 99 | 4539 | 1381 43 | o482 | 7169 5377 | 6937 | 48 415 63 460 4272 | 34203
Israel 0 14872 14872
PNA 0 0
Syria 0 1430 | 1430
Lebanon 379 800 1179 3850 5029
Jordan 200 200 5122 | 5322
Egypt 0 2818 2818
Libya 0 29 29
[ Tunisia 150 4@ 779 970 3278 4248
Algeria 402 402 240 642
Morocoo 490 140 630 4000 3667 | 8207
Total 506 | 2071 | 4169 | 9035 | 630 | 439 | 214 | 1518 | 8029 | 3715 | 46151 | 20299 | 1317 | 98307 | 68769 | 20020 | 65129 | 33450 | 24149 | 24110 | 16129 | 17577 | 16843 | 6411 | 1565 | 59436 | 451895
[Share by sour 0,1% 0,5% 0,9% 2,0% 0,1% 0,1% 0,05% 0,3% 1,8% 0,8% 10,2% 4,5% 0,3% 21,8% 15,2% 4,4% 14,4% 7.4% 5,3% 5,3% 3,6% 3,9% 3,7% 1,4% 0,3% 13,2% 100%

Soutce: IEA, CPDP, BP & OME

As for natural gas, Mediterranean countries are dependent on 14 exporter countries in 2006 of
which the 3 most important sources are Russia, Algeria and Norway. They import 35% from the
Mediterranean region itself (intra-trade with Algeria accounting for 27%), followed by Russia 28%,
Norway 11%, Netherlands 9%, Nigeria 7%, the Middle FEast 6% and Iran 3%.

Table 14 - Quantities of Natural Gas imported by Origin in 2006 (in bcm)

Importers Algeria___ Egypt Libya Med Horway Russia Higeria Oman Qatar Iran T&T Belgium Germany _ Hetherl UK TOTAL
Portugal 2,10 - - 240 - 1,97 - - - - - - a1
Spain 1142 45 0,72 16,04 212 - 710 10 5,00 - 3,00 - - - - 352
France 735 230 965 1450 9,50 4,23 - - 1,90 040 9,50 0,20 108
Haly 27 46 0,10 769 35,25 7,20 2292 - - - 250 8,70 0,30 174
Gresce 0,45 004 - 049 - 240 - - - - } - 2.9
Cyprus 0,00 0.0
Malta 0,00 0.0
Slovenia 0,44 - - 044 - 0,56 - - - - j _ 10
Croatia 0,00 1,40 1,1
Setbia - - - 0,00 - 215 - - - - - - 2,2
Biosnia & H 0,00 040 0.4
Macedonia 0,00 0,10 o1
Albania 0,00 [X]
Turkey 4 i) 460 - 1955 1,12 - 5,69 - - - - 3.1
Israel 0,00 [X]
PRA 0,00 [X]
Syria 0,00 0,0
Lebanon 0,00 0.0
Jordan - 193 - 193 - - - - - - - 19
Egypt opo 00
Libya opo 0.0
Tunisia 1,30 - - 1,30 - - - - - - - 13
Algeria opo (1)
Morocco 0,50 0,50 0.5
Total to MED 55,6 9,2 8,4 73,2 23,8 58,8 14,4 1,0 5,0 5,7 3,0 1,9 2,6 18,2 1,0 209
Share by Source|  27% 4.4% 4.0% 35% 1% 28% T% 0.5% 2.4% 3% 1% 1% 1% 9% 0% A00%

Source: CEDIGAZ, BP & OME

The development of electrical interconnections has allowed for the increase in regional electricity
trade. In this regard, trade between Mediterranean countries and their neighbours, volumes have
reached 249 TWh (125 TWh exported and 124 TWh imported) in 2006. Of this total trade volume
between Mediterranean countries and their neighbours (249 TWh), about 28% constitute intra-
Mediterranean trade (70 TWh), only about 7 TWh (10%) of which are exchanged between SEMCs
themselves. Intra-Mediterranean trade is illustrated in the table hereafter, clearly showing the
dominance of electricity trade in France, Spain, Italy, Portugal, Slovenia and Croatia, and is
including:

e 70 TWh exported from France (including 14.9 TWh to Italy and 5.9 TWh to Spain),

e 11.9 TWh exported by Spain (including 8.4 TWh to Portugal, 1.5 TWh to France and 1.9 TWh to
Morocco),

e 7.5 TWh exported by Slovenia (including 5.4 TWh to Italy and 1 TWh to Croatia),
e 7.6 TWh exported by Croatia (including 6.9 TWh to Slovenia and 0.7 TWh to Bosnia-H.)
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e 7.8 TWh from Serbia-M (including 2.1 TWh to Macedonia, 2.3 TWh to Bosnia-H and 0.3 TWh
to Albania)

e 3.2 TWh exported by Portugal to Spain.

Only 10% of the total intra Mediterranean trade (70 TWh) concerns the trade between the Southern
and Eastern Mediterranean Countries (SEMCs), including exchanges with Europe (Morocco-Spain).

These small quantities are due to the limited capacity of existing power interconnections in the
SEMCs.

The largest share of the 7 TWh exchanged between SEMCs took place mainly between Morocco
and Spain, Morocco-Algeria-Tunisia as well as Libya-Egypt-Jordan-Syria-Lebanon, and a part
between the Balkans and Greece.

Table 15 - Quantities of Electricity exchanged by interconnection in 2006 (GWh)

Electrical Interconnections Exports Imports Total Countries Exports Imports Total
Portugal-Spain 3183 8481 11664 Portugal 3183 8481 11664
France-Spain 5910 1479 7389 Spain 11859 9120 20979
France-Italy 14891 726 15617 France 69868 8079 77947
Italy-Greece 455 945 1400 Italy 1618 46525 48143
Italy-Slovenia 12 5389 5401 Greece 1936 6151 8087
Slovenia-Croatia 1036 6871 7907 Slovenia 7487 7716 15203
Croatia-BiH 674 3647 4321 Croatia 7577 13249 20826
BiH-Serbia& M. 1476 2341 3817 Bosnia-H. 5123 3015 8138
Serbia& M.-Macedonia 2126 2126 Serbie & M. 7789 9739 17528
Greece-Macedonia 12 1202 1214 Macedonia 1202 2998 4200
Greece-Albania 979 26 1005 Albania 639 1240 1879
Albania- Serbia&M. 613 261 874 Turkey 1800 600 2400
Spain-Morocco 1899 27 1926 Syria 1142 360 1502
Algeria-Spain 0 Lebanon 358 1100 1458
Algeria-Morocco 159 136 295 Israel 1665 0 1665
Algeria-Tunisia 141 135 276 PNA 0 1665 1665
Tunisia-Libya 0 0 Jordan 79 865 944
Egypt-Libya 123 91 214 Egypt 946 168 1114
Egypt-Jordan 823 77 900 Libya 91 123 214
Syria-Jordan 42 2 44 Tunisia 135 141 276
Syria-Lebanon 1100 358 1458 Algeria 300 271 571
Israel-PNA 1665 1665 Morocco 163 2058 2221
TOTAL intra-Mediterranean 37319 32194 69513 TOTAL in Meditert 124960 123664 248624

Source: UCTE; Eurelectric; UAPTDE; Comelec; Compagnies & OME

While still in a process of development, the completion and reinforcement of the Mediterranean ring
(through future interconnection projects described in the following section) should further enhance
regional trade and optimize the regional electrical park.

According to the estimations of the MedRing Study’, power exchange should increase to a minimum
of 75 TWh by 2010. Benefits resulting from the "closure" (completion) of the Ring are today
expected to be significantly higher than the conservative figures announced in the MedRing study
($300 million per year) back in 2003.

5 MedRing is the most complete study undertaken on the whole Mediterranean electric interconnections between 2001 & 2003. It was led by
CESI (ltaly) with partners EDF, REE, DESMIE, SONELGAZ, STEG, EEHC, NEPCO, PEEGT, TEIAS, ONE and GECOL The MedRing study
identified the economic benefits of the Ring, detected operational difficulties and constraints, and defined solutions to address them. The study
concluded that the Ring is viable, provided that the technical solutions proposed to overcome operational difficulties are adopted. The results
of the study were presented at a conference organised by Eurelectric and Medelec, together with the OME and the UCTE on July 9th, 2003 in
Rome.
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3. AN INCREASE IN ENERGY VULNERABILITY AND SOCIO-
ENVIRONMENTAL RISKS®

Given the current energy mix and its evolution, the high growth of energy demand entails an
increase in dependence on fossil fuels. This situation gives rise to a greater energy vulnerability,
which is to be connected not only with the inevitable depletion of hydrocarbons (estimated as within
30 to 50 years in the Mediterranean) but also with a volatile market and an unstable geopolitical
context.

Besides, the management of the environmental impacts of this growth represents a major challenge
of the coming years. Indeed, the CO2 emissions induced by an increasing consumption (these
emissions are set to double between 1990 and 2020 in the Mediterranean basin) foster and
exacerbate the current climate change which, in its turn, is likely to worsen pollutions. Indeed, a
drop in rainfall and a decrease in nebulosity would give rise, during the summer, to an increase in
polluting substances concentration, - such as ozone, for instance, which has impacts on human
health, agricultural yields and natural ecosystems.’

In the long term, exposure to high levels of air pollution contributes to many diseases, such as
respiratory diseases, throat cancers and heart attacks. World Bank estimates on the particle levels in a
sample of cities indicate that the air pollution in Cairo, for instance, is one of the highest in the
world® and that it is responsible for 20.000 premature deaths per year in Cairo and in Alexandria.” It
is also observed that cities like Istanbul or Ankara (particularly, owing to a significant use of coal in
collective heating) report higher levels of pollution than NMCs cities, which, themselves, are quite
often situated beyond the recommended thresholds."

The Intergovernmental Panel on Climate Change (IPCC) states, in its fourth report (AR4), that in
the South of the Mediterranean basin "climate change is likely to make more difficult the weather
conditions (high temperatures and dryness) in an area already vulnerable to climate variability,
reduce water availability, hydroelectric energy, summer-season tourism, and the productivity of crop
lands".

AR4 indicates that the most vulnerable Mediterranean regions are North Africa—adjacent to desert
zones—, large deltas—such as the Nile—, coastal areas, as well as areas with high demographic
growth and socially vulnerable (Southern and Eastern shores, dense cities and suburbs).

Plan Bleu baseline scenario indicates that, between 2000 and 2020, the number of inhabitants per
km of coastline will triple on the Southern and Eastern shores. The number of power stations
constructed along the coast will grow from 200 to 360, new refineries and desalinisation stations,
new airports and housing quarters will be built. Yet, this coastal area is precisely the most vulnerable
to climate change.

The current adaptation solutions are mainly based on high energy-consuming applications: mass
displacement of population in response to water rise, air-conditioning in response to increase in
temperatures, desalinisation and deep pumping in response to dryness. Thus, these "responses” to

¢ & 3 and V drafted in cooperation with Stéphane QUEFELEC (Plan Bleu) and Stéphane POUFFARY (Ademe).

7 Filipo Giorgi, MCSD presentation, june 2007.

8 The practice of burning rice hay in preparation for the new crop in the Nile delta results in Cairo having levels of soot in ambient air 3 times
above those of Beijing. It comes in addition to emissions from industries and transport activities. Source :
http://lwww.enviro2b.com/environnement-actualite-developpement-durable/5998/article.html

9 Data from the World Bank in “Arab Republic of Egypt, Cost Assessment of Environmental Degradation”, Sector note, 2002.

10 The EU Air Quality Directive (200/69/CE, of 16 Novembre 2000) sets recommended thresholds(Emission Limit Values (ELVs)for Member
States. Notably: 20 ug/m3 on an annual basis for SO2, 40 pg/m3for PMI10 and 50 pg/m3 for NO2. Those limit levels are based on scientific
knowledges about negative impacts on health or/and the environment and should not been overpassed on a given period.
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climate change would be the very factors furthering this change, which induces a gradual and
inevitable acceleration of this major phenomenon and of the related impacts.

Lastly, this environmental impact entails, in its turn, impacts on the energy system. Thus, the high
rise in energy demand at periods during which production capacities are reduced (heat wave periods
or other extreme events) causes risks of ‘black out', which should not be neglected. For example, the
2003 heat wave in France generated a rise in demand, with very high consumption peaks; but power
production had been reduced owing to the rise in river water temperatures, which reduced the
cooling efficiency of the stations (both conventional and nuclear). Had the heat wave continued,
30% of the power production would have been threatened.'' The Mediterranean energy system,
being quite centralized and little diversified, is all the more vulnerable to climate change impacts.

I'1 IPCC Report 2007, impact, adaptation and vulnerability.
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V. HOWEVER, A SUSTAINABLE MEDITERRANEAN ENERGY
DEVELOPMENT AND LESS CARBON EMITTER IS STILL
POSSIBLE

1. PLAN BLEU ALTERNATIVE SCENARIO

Plan Bleu published in 2005, an alternative scenario'” for a sustainable energy development of the
region which grants priority to a more rational energy use and a faster renewable energies
development. Indeed, rational use of all energy products, in all activity sectors, is the only way to
control, and even to structurally reduce, energy demand, while ensuring increase in the services
provided and responding to economic development related needs.

If a vigorous policy of Rational Energy Use (REU) is conducted, the quantity of energy products
necessary to produce the required services can be considerably reduced, and the share of renewable
energies can reach 14% of the primary energy balance by 2025 (exclusive of biomass) instead of the
3% set in the baseline scenario."

Figure 12 - Energy saving with the Plan Bleu alternative scenario, 2000-2025

Feasible energy savings with the alternative scenario, MED, 2025 Total CO2 emissions according to the two scenarios
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Source : Plan Bleu & OME ; Med 200! Source :
REN : geothermic, solar, wind

Source : Plan Bleu, 2005, A Sustainable Future for the Mediterranean

Such a scenario helps reduce the energy vulnerability of the importing countries, maintain larger
exportation capacities for the future in the exporting countries, as well as allows exportation of
"oreen" energy, job creation, less environmental impacts, less—or deferred—investments needs,
more competitive enterprises, and, finally, electrification of isolated areas at lower cost. Besides the
alternative scenario quantifies, on Mediterranean basin scale, several of these advantages:

Significant energy savings: the energy intensity of the riparian countries would drop approximately
twice more rapidly (-1.3% per year). The total energy savings likely to be achieved in the region
would reach 208 Mtoe/year by 2025, which is about a half of the forecast increase in demand
between 2000 and 2025. Approximately 60% of these savings would concern SEMCs, and 40% to
NMCs. The demand on oil would stabilise in 2025 at its 2000 level, while the baseline scenatio
foresees an increase by 40% in demand between 2000 and 2025 (150 Mtoe). This evolution of
demand would limit the necessary hydrocarbon imports and would reduce the energy dependence of

12 See the energy chapter in « A sustainable future for the Mediterranean » Plan Bleu, Guillaume Benoit and Aline Comeau (Dir.), Earthscan,
oct. 2005. Scenari developed in partnership with OME.
13 The baseline scenario used here is the one proposed by Plan Bleu in 2005. It does not take into account 2008 update by the OME.
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the importing countries. 208 Mtoe saved in 2025 is also providing substantial financial savings (2200
billion USD with a barrel price of 120 USD).

Mitigated environmental impacts: the construction of many energy infrastructures could be avoided
(or deferred) and the attendant environmental impacts and risks mitigated. Thus, the construction of
154 power plants of 500 MW, mainly along the Mediterranean coastline, could be avoided into 2025,
out of the 400 additional plants forecasted according to the baseline scenario. CO2 emissions would
be cut down by 25% (-858 Mt) for the countries as a whole by 2025, which corresponds to 45% of
current emissions. The contribution of Mediterranean countries to global CO2 emissions would be
of 7% by 2025, instead of 9% according to the baseline scenario.

2. ACTIONS TO CHANGE SCENARIOS:

One major concrete expression of the increasing awareness in the Mediterranean is the adoption, in
November 2005, of the "Mediterranean Strategy for Sustainable Development" (MSSD) by the 21
countries and territories signatory of the Barcelona Convention for the protection of the
Mediterranean. The MSSD is a "framework strategy”, in the sense that it can inspire the development
of National Strategies for Sustainable Development (NSSD), each country being responsible of setting
itself its own objectives. The 2nd priority topic of this Strategy is "a more rational energy management,
increased use of renewable energy sources and adaptation—via mitigation—to the impacts of climate
change".

The main energy objectives outlined are:
e to promote Rational Energy Use (REU);
e to optimise the Renewable Energies (RE) potential;

e to control, stabilise or reduce—according to each particular situation—greenhouse gas (GHG)
emissions;

It puts forward quantified objectives, of which (i) to reduce by about 1 to 2% per year the energy
intensity per GDP unit by 2015, and (ii) for renewable energies, to reach 7% of the total energy
demand by 2015 (exclusive of CWR — Combustible Renewable and Waste).

It also suggests a set of actions and guidance of a qualitative nature, such as: () to promote energy
savings policies as well as renewable and cleaner energies; (ii) to set global and sector-based objectives
aimed at promoting REU and RE within the national and local sustainable development strategies,; (iii)
to urge the economic players, local authorities and consumers to adopt sustainable behaviours through
a pricing policy, targeted subsidies, tax incentives and public awareness-raising campaigns supported
by NGOs; (iv) to promote economic mechanisms, such as renewable energy certificates, and
regulations aimed at promoting renewable energies; and (v) to strengthen regional cooperation and
support the implementation of the UNFCCC and the Kyoto Protocol.

Other initiatives also exist in the region in order to promote energy efficiency and renewable energy
development in the region. Several organisations and institutions are devoting and or supporting
important efforts in that purpose (European Commission, EIB, MEDENER, OME ..). OME is
working on these issues in particular within its Renewable Energy and Sustainable Energy Committee.
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VI. CONCLUSION

Trend scenario clearly shows that CO2 emissions from energy use are going to increase strongly in
the near future. Up to 2025, the SEMC could CO2 emit as much as countries from the North of the
basin.

Several options do exist, allowing satisfying energy needs while addressing security of supply
concerns, reducing GHG emissions and climate change challenges:

Exploitation of energy efficiency existing huge potential.

Deployment of clean and efficient energy technologies for the electricity generation.
Exploitation of local available renewable energy resources.

Carbon capture and storage.

Non technological solutions have also to be taken into account in particular in information, in
urban development, tourism offer, transport or the water sector where change of behavior are
directly linked with development option.

Those options, their cost and benefits,their advantages vis-a-vis climate change for the Southern
Mediterranean countries are discussed all along the Part II and III of the study.
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KEY MESSAGES

Morocco, Tunisia), a rise by 52,6% of final consumption and by 76,7% of energy needs between 2005 and 2015, two types
of scenarios based on the objectives of the MSSD are considered. A first series involves demand side actions of rational
energy use. The second series is based on a greater recourse to renewable energies. The comparison between the trend-
based evolution and the alternative scenarios helps evaluate the energy saving potential in terms of volume. This volume
is, afterwards, appreciated in view of the evolution of the oil barrel price according to three assumptions: a falling trend
causing the price per barrel to stand at 75$ by 2015; a stabilization trend with a price of 120S by 2015; a continuous rising
trend causing the price to reach 175$ by 2015.

The cost differential between the trend and the alternatives helps evaluate the cost of non action (“business as usual”)
during the coming decade. It also evaluates the financial room for manoeuvre available for the countries to deploy
alternative actions.

Aggregated results for simulation carried out for Morocco, Tunisia and Egypt show:

e |t emerges that the greatest potential lies on the demand side, via actions of rational energy use. Actions targeted at
the non industrial sectors, resulting in a fall by 10% of the current level of energy intensity (energy consumption to
produce one unit of GDP), would allow an average annual drop in energy needs in the three countries in 2015
equivalent to 11.1% of the final consumption for 2005. Similar actions targeted at industries hold a potential of annual
savings equivalent to 5%.

e As regards the development of renewable energies (RE), a rather modest effort putting up the share of RE amounting
to 1% of consumption would—nevertheless—allow a gain in volume in the order of 1.4% of the consumption for 2005. A
more significant effort putting up RE to 3% of consumption would, in this case, help towards the saving of a volume
equivalent to 4.1% of the consumption for 2005.

e By combining these types of action, and according to the extent of the effort in matter of RE, the annual rate of
savings made in energy volume would range between 17.6% and 20.2% of the final consumption for 2005. These are
annual volumes ranging between 10 and 12 million toe, that is about two years of final consumption for a country like
Tunisia. As to the volumes saved over the 10-year period as a whole, they are in the range of 49 to 54 million toes.

e According to the oil price trend, these non saved volumes, if the alternative strategies were deployed, would have
heavy financial implications. For the last three years of the simulation (2013-2015), the cost of non action would
range from: (i) 14.4 to 16.2 billion dollars if the price per barrel fell to 75$ (about the total amount of Moroccan
exports in 2005); (ii) 21.7 to 24.4 billion dollars if the price per barrel stabilized at 120$; and (iii) 30.3 to 34.1 billion
dollars if the price per barrel were to steadily rise to 1755 (about the amount of the aggregate exports of goods of
Tunisia and Morocco in 2005).

Lastly, the volumes likely to be saved based on the deployment of alternative actions will have an impact in terms of
mitigation of climate change, via the CO2 emissions avoided. Combining a rational energy use (REU) and a development of
renewable energies (RE) in the three countries covered by this chapter would allow the avoidance, between 2006 and
2015, of the emissions of 190 to 209 million tons of CO2 (that is the equivalent of the aggregate emissions of Egypt and
Morocco for 2005). By 2015, the volume of emissions annually avoided would range between 39 and 46 million tons, that
is between 17% and 19.8% of the emissions for 2005.

An extrapolation of the cumulated results for the 3 preceding countries shows that over the whole Southern rim, the
aggregate for the whole actions would allow, as at 2015, an annual saving of 33.6 to 38.3 million toe and a decrease in
CO2 emissions in the range of 119 to 139 million tons. The annual return on the actions, as from 2015, would range, on
regional level, from: (i) 18.5 to 21 billion dollars, with a barrel at 75$; (ii) 29.5 to 33.7 billion dollars, with a barrel at
120S; and (iii) 43.1 to 49.1 billion dollars, with a barrel at 175S.

It is worth recalling, for the sake of information, that Tunisia’s nominal GDP stood at 28.7 billion dollars in 2005 and that
its CO2 emissions due to energy use stood at about 20 million tons.
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INTRODUCTION

Context:

The Mediterranean is one of the world’s regions which, irrespective of the global evolution, will see
its climate evolve more rapidly and more drastically than the global average. Indeed, recent results of
future climate modelling works concur towards affirming that the Mediterranean is a "hot spot" of
climate change. The physical impacts of the change will further aggravate already alarming non
sustainable trends.

For the Southern and Eastern Mediterranean Countries (SEMCs)—now reporting an energy
upswing—, the stake rests, above all, in anticipation, so that the future development patterns
(urbanization, way of life, energy systems) do not irremediably lead them to an environmental dead
end, a greater vulnerability to climate change impacts, and a structural inability to adjust to a global
economy which will most probably be, by 2050, very little CO, emitting and highly energy efficient.

The energy constraints and priorities of the countries of the region are varied. Yet, in its report, Plan
Bleu identifies two main courses of action for which all the countries of the region have significant
room for manoeuvre to meet the region’s economic, environmental and social challenges: (i)
Rational Energy Use (REU) (or energy efficiency); and (i) diversification of the energy supply and
promotion of “clean” or renewable energies (wind, solar, geothermal) (RE). In Mediterranean
countries—where the consumption of commercial primary energy has more than doubled over the
past 30 years, based at 87% on fossil energies—, it is estimated that, if the technologies already
available were to be used, instead of letting the current trend towards a non rational use of energy
develop without proactive adjustment, a potential saving of 20 to 25% of the total energy demand
would be quite feasible by 2025. This saving on resources has a positive environmental impact, by
reducing GHG emissions and, especially, CO, emissions (according to current trends, the CO,
emissions of the Mediterranean would pass from 7% of the world total in 1992 to 9% by 2025). It
also has a direct economic impact, by reducing an energy bill that weighs quite heavily on the
countries of the Southern rim, with limited financing capacity owing to their economic and social
development constraints. For the Southern Mediterranean Countries (SMCs), the major economic
constraints are those related to employment (and, hence, to growth as a job-creation factor) and to
external trade balance. They must be regarded as absolute from a sustainable development
perspective, since they carry a heavy weight in the very short term on the social balance, and,
consequently, of a priority order over any other agenda.

While a global awareness of the risks attendant upon the current trends of recourse to energy is an
actual fact, we are still far from a consensual vision. Most often, one notices that the environmental
and economic problems are presented separately and, what is more, in a concurrent way in terms of
priorities.

There are, indeed, several fundamental contrasts: (i) first of all, between developed countries and
developing countries, the latter suspecting that certain constraints related to environment protection
imposed by the former stem more from a disguised protectionism than from a genuine concern for
a "clean" development; (ii) secondly, between the "economists" themselves, in regard of priority
stakes, with a hierarchisation of needs which assumes that when a major segment of the population
seeks to meet vital basic needs, certain issues resting with the community are necessarily relegated to
second order; (i) finally, between "economists" and "environmentalists", even on ways of
approaching the "environment" dimension—especially as regards the fact of including in the analysis
of prices, costs and benefits certain aspects which are qualified by the latter as too commonplace to
address a fundamental issue.
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The first point will not be discussed; but it is fundamental, on the other hand, to further explore the
point related to the priority character of various objectives. Herein lies, indeed, one of the main
objections which some would level at environment protection strategies as follows: while there may
be no doubt that it is relevant, it is not the top ptiority; actually, more "vital" actions need to be
undertaken first in terms of human development, before thinking of the environment. A large
debate around this tends to take place when groups of experts seek to agree, on the one hand, on
the environmental impact of human activities such as they are conducted today and, on the other
hand, on the existence of a more or less short time span to act before irreversible changes take place.

A way of reconciling such views is to recognize the need and the urgency of implementing far-
reaching changes of energy strategies without underestimating the funding constraint, one of the
commonly advanced impediments likely to delay a translation into facts of the awareness of
environmental stakes. It is, indeed, certain that—no matter the level of this awareness—maintaining
social cohesion remains a priority, and that short-term pragmatism will always override when it
comes to trade-offs. In view of this, the approach developed here consists in quantifying in
monetary terms the gains to be derived from a structural change of the energy strategies, in such a
way as to estimate its short term economic advantages and, thus, evaluate its compatibility with the
socio-economic priorities. This will help avoid an oversimplification of the issue opposing, to the
urgency to act, the availability of limited financial means of action, thus implying that other
problems must be addressed first.

Objectives of the chapter:

This chapter seeks to improve the state of knowledge about the short-term economic advantages—
in financial and environmental terms—of the various possible energy strategies in the Southern
Mediterranean Countries (SMCs), considering their own constraints in terms of economic and social
development. More precisely, the task is to focus on the economic cost due to possible low energy
efficiency and non use of renewable energies (RE) in the Mediterranean countries, a cost whose
magnitude can encourage the countries to adjust their energy mix in favour of RE and to conduct
energy efficiency actions. The chapter proposes a modelling activity which incorporates and
complements the works of the prospective scenario developed in the Plan Bleu report. It thus allows
a short/medium term (2015) economic quantification of the possible benefits generated by energy
policy options geared towards achieving sustainable development objectives.

The analysis is based on 3 countries representative of the Southern Mediterranean Countries
(SMCs): Egypt, Morocco and Tunisia, which form a sufficiently representative sample to evaluate
the cost of non action (“business as usual”) for the whole of the Southern rim. Being based itself on
the differential of direct costs according to a trend scenario and alternative scenarios, the chapter
purports to present in a fairly precise way the additional economic advantages likely to be expected
from an alternative scenario—compared with a trend scenario—and to, thus, highlight the economic

opportunity for the countries to engage in national strategies helping achieve the regional objectives
of the MSSD.

These same alternative aspects also offer the possibility of evaluating the environmental benefits in
terms of CO, emissions.

Information sources and methodologv:

The analysis rests on a simulation approach that uses a model of economy in volume comprising its
own energy balance. The macroeconomic data are derived from the IFS data base of the IMF,
except for capital stock, which is recomputed after Vikram Nehru and Ashok Dhareshwar’s "A New
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Database on Physical Capital Stock: Sources, Methodology and Result", 1995. Data on energy
balance are derived from MEO.

The equations making up the model are estimated by OLS (ordinary least squares) regressions over
the period 1990-2005 for each country.

The reckoning of CO, emissions is based on an estimate of the Apparent Consumption according to
the Final Consumption that is yielded by the simulation. A total emissions factor is calculated based
on the composition in energy raw materials of the apparent consumption for 2005 (source MEO) by
applying the principles identified in the IPCC “Guidelines for National Greenhouse Gas
Inventories”, 1996 (revised edition). This factor is possibly recomputed for each year between 2006
and 2015 in the scenarios integrating increased recourse to renewable energies.

The price of oil uses as reference the IMF estimates over the period 1990-2007 ("World Economic
Outlook", October 2007; simple average of 3 spot prices (APSP): Dated Brent, West Texas
Intermediate and Dubai Fateh). For the prospective period 2008-2015, three different resource price
trends are assumed: falling trend (return to 75§ ), stability or continuation of the rising trend (up to
to 175%).

The trend scenario represents pursuance of the trends for 1990-2005 over the period 2006-2015. It
helps obtain the volumes of consumption and of CO, emissions, as well as the raw materials
purchase costs, according to the three trends which will serve as reference. The alternative scenarios
require structural changes in the Energy Production - Use relation and help obtain alternative
volumes in Tons of Oil Equivalent (toe), in CO,, as well as the cost in dollars according to oil price
trend.

The benefits expected from of the alternatives (in terms of consumed volumes saved, emitted CO,
volumes avoided, and purchase costs saved) are obtained by comparing the alternative values with
the baseline trend values.

The approach adopted in this chapter evolves according to the following stages:

1) Representation of how the economy operates: identification of the current economic
development model and its possible minimum growth level necessary according to the socio-
economic constraints of the Southern Mediterranean Countries (SMCs). Three countries have
been selected to measure the magnitude of the economic effects: Egypt, Morocco and Tunisia.
Morocco had already formed the subject of a study in 2007 which is updated here;

2)  Determination of the energy need for this model to operate: it is implicitly assumed that the
production of goods and services—production based on which the economic development
level is measured—uses a capital factor and a labour factor, with employment representing the
constraint of social balance, and the use of a volume of energy ranging according to the level
of production reached and to energy efficiency (the energy volume required by a commercial
production plant);

3) Evaluation of the direct energy cost: The necessary energy volume has, on the one hand, a
commercial purchase cost, which incurs a direct cost borne by the community and, on the other
hand, an environmental, indirect, cost measured for example by the GHG emissions of the
volume used. One, thus, evaluates the direct cost of the use of a given energy volume,
according to the market price of the resources used. This cost is a reference value, the price of
the national strategy adopted to provide to the socio-economic sphere the energy necessary for
its operation. This stage is a crucial one, as the concept of price helps to make objective the
relationship between the various aspects on a given date;

4)  Taking into account the possibilities offered by the energy system, and this, via the part of the
simulation which takes up the structure of an energy balance: the volume made available is
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determined by: a) a local production which can be ensured by various sources; b) a distribution
system whose efficiency is variable, part of the production likely to be "lost" before its
marketing; c) an international energy exchange market, part of the local production likely to be
"exported" (and, consequently, will not be consumed locally), and an energy volume which can
be imported to meet domestic needs, at an internationally set price (the local country is
supposed to be price- taker' , the energy price is thus exogenous);

The two processes (economic and energy) being calibrated in view of past trends, a
continuation of the trends identified over a short period (within 10 years), during which most
of the structural behaviours can be deemed as being stable without the assumption being too
strong, helps evaluate the "trend cost". Obviously, this cost also depends on the evolution of
energy prices, whose prediction is difficult, one must admit. In the present study, this trend cost
is estimated in a range according to the evolution of the price of the oil barrel;

Evaluation of costs according to the various possible energy strategies: Various parameters of
the energy system are changed in order to illustrate the national actions conducted for
diversifying the energy supply (via renewable energies) or improving energy efficiency (via
actions promoting rational energy use). The selected illustrations represent changes geared
towards achieving the regional objectives of the Mediterranean Strategy for Sustainable
Development (MSSD). Simulation helps obtain an alternative evaluation of the cost necessary
to meet the new energy need according to the economic and social development. Comparing
this alternative cost with the trend cost makes it easy to obtain a quantified evaluation of non
action” and to elicit the financial room for manocuvre thus available for a given objective,
which it remains to compare with the costs of the measures to be deployed for achieving it.
Consequently, it is possible to conduct a consideration in terms of a classical cost-benefit
analysis: profitability and return time of the investments, sectors to be prioritised, impact of
relative energy price (as the cost of non action varies according to oil prices, the benefit to be
expected from the actions also depends on them, which "benefit" constitutes a "room for
manoeuvre" to finance the cost of the actions), etc;

Assessment of environmental impacts according to the various strategies based on GHG
emissions.

Contents of the chapter:

The reasoning adopted comprises 3 main aspects:

gathering acquaintance with the cost mechanisms for the community, via a modelling which
connects economic operation and the necessary energy needs to the current development
pattern;

financial evaluation for the time frames considered by the decision makers of the current
strategy, and its short term trend according to the evolution of the international energy market;

objective evaluation based on cost differential of the national measures taken with a view to:
a) optimising energy use: that is, the volume necessary according to the objectives of the

| The size of the country is not large enough as to influence prices on the international market.

2 In the models evaluating the economic and social impact of anthropogenic climate change, the evaluation and identification of the "cost of non
action" are subject to several assumptions (Cf. Richard S.). Tol et al.: “Methodological Aspects of Recent Climate Change Damage Cost
Studies”). In the present analysis, the task is easier insofar as one is concerned only with the direct cost of goods having a market price: in the
case in hand, the two systems yield, by extending the trends, the financial weight—within the time frame set—of the energy need, according to
the international price. Non action is, here, defined by the continuation of the trends observed. Changing the various parameters translates
certain actions and generates new values of this same financial weight. The comparison between the trend value and the alternative values is
defined as the cost of non action.
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economic development sought by the economy under consideration;
b) diversifying the energy supply in order to mitigate national dependence—both in terms of
resources and of cost—according to the fluctuation of relevant prices. This fluctuation is, in fact,
represented implicitly, based on the evolution of oil prices, which actually minimises the
assumptions to be considered: the reasoning proceeds in terms of profitability (return) threshold,
insofar as the oil price rising, the direct savings generated by the use of alternative sources rise,
too, thus increasing their relative interest.

The chapter is organised into 4 parts:

e a first part offers a brief overview of the particular economic and energy context of the
countries of the Southern rim of the Mediterranean;

e asecond part presents the macroeconomic and energy systems on which the simulation rests;

e a third part is dedicated to estimating the cost of non action in terms of volumes and value
according to the trend of oil prices. It outlines various alternatives of rational energy use and
recourse to renewable energies;

e 2 fourth, and last, section is dedicated to GHG emissions.
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|. ECONOMIC AND ENERGY CONTEXT OF THE SOUTHERN
MEDITERRANEAN COUNTRIES (SMCS)

1. ECONOMIC  ASPECT: EMPLOYMENT, BALANCED  GROWTH,
CONVERGENCE

Three (3) economic requirements determine on the short term any sustainable development in the
Mediterranean Countries (MCs) %

¢ The employment exigency: with a young population and a working population steadily increasing,
it is required to create at least 22 million jobs between 2005 and 2020 to stabilise the labour
market situation, if not around 60 million in order not to swell the absolute ranks of the non
working population;

e The growth exigency: these jobs must be created in a sustainable way and allow convergence of
income levels between the two rims of the Mediterranean;

e The macro-economic constraints: development sustainability implies preservation of the
achievements of the past 15 years and avoiding any crisis, by tending—especially for these
developing countries—to a sound balance of payments, in a context of high trade deficit, as well
as to budget balance.

Development sustainability rests, first and foremost, on conditions of maintaining social cohesion, a
major cause for concern. As far as the countries of the Southern rim are concerned, the key aspect
to take into consideration is the population structure.

The 10 MCs counted over 250 million people in 2005. A closer consideration of the demographic
trends leads to the following main observations:

e The growth rates of the total population have markedly dropped, and forecasts for the time
frame 2015 reveal a continued trend, especially due to a decrease in fertility;

e The number of young people is highly significant: over 80 million people are aged less than 15
years (2005) and will need employment within the coming 15 years, a number which exceeds the
current level of the working population. Herein lies, indeed, the major constraint for
Mediterranean societies.

It is obvious that MCs are well into their demographic transition. Consequently, all aspects concur
to a quasi-stabilisation of the population growth of the MCs for the time frame of some twenty
years. Yet, this incepted demographic transition does not preclude a continual marked increase of
the working population over half a century on average (Cf. Graph below). The current population
structure—which is marked by a working population (those having a job or those identifying
themselves as unemployed) lower than that aged less than 15 years (that which will be in
employment age by 2015)—will prevail over several years. Under these conditions, without a
significant increase in the pace of economic growth, employment problems, too, will continue to
prevail, with the whole host of social threats attendant upon them.

The crucial problem of the MCs today is, therefore, that of their youth and of the population in
working age. To the former, there need to be offered prospects; to the latter, there needs to be

3 The 10 MCs are those of the MEDA: Algeria, Egypt, Israel, Jordan, Lebanon, Morocco, Palestine, Syria, Tunisia, Turkey.
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offered employment, which—in addition—will confer credibility upon the prospects offered to
youth. As shown by the experience of certain Asian countries, this demographic phase can be quite
beneficial for the economy of the MCs. However, for this to obtain, the movement must evolve in
an economy that is dynamic enough to offer the jobs necessary and that—moreover—the quality of
these new jobs must allow a real wage increase, without it being a burden on the competitiveness of
the economy. With regard to the issue under consideration, this has two implications:

e The first one is that the political agendas are entirely focused on the social priority of
employment and that, consequently, and in view of a necessarily limited budget in the case of
“developing” countries, all options must pass through the screen of trade-offs;

e The second relates to the scope of the task. According to FEMISE estimates (Presentation to the
Euro-Mediterranean Seminar on employment by the Directorate General for Employment,
December 2007, “The Employment Challenge in Mediterranean Countries”), for the whole
Southern rim zone, by 2020, the MCs will have to create over 22 million new jobs for the sole
purpose of not aggravating the current situation in terms of percentage, and up to 60 million to
stabilise the absolute number of the unemployed.

It is, therefore, a requirement of stepping up growth which the MCs have to meet, a quantitative and
short-term requirement, above all, which relegates—as a matter of fact—such other aspects as the
conservation of environmental resources to the position of issues of a second order. Growth will be
sought whatever the “environmental cost”, and—one must admit—this hierarchisation is perfectly
rational.

All the more so that, if one were to look upon the situation from a Mediterranean-wide perspective,
one would notice that, since 1990, the economic conditions have considerably changed in the
countries of the Southern rim. A quite considerable effort has been made to improve the
macroeconomic framework, with indisputable success. The significant performance in the
macroeconomic management of the MCs has helped them avoid major crises (except for Turkey).
However, the macroeconomic progress alone has not been enough to significantly mitigate their
vulnerability in terms of exposure to external chocks (as evidenced by the case of Morocco with the
impact of the drought on GDP growth) of unemployment and poverty.

Indeed, the progress reported over the past decade has not been able to muster a dynamics strong
enough to trigger economic convergence between the two rims: there may now be observed in a
glaring way a widening gap between the EU and the new members, on the one hand, and the MCs,
on the other hand.

The fact that one needs only cross a strait to see such a gap in the standard of living and—more
fundamental still—to lose/gain as many as 10 years of life expectancy, is hardly a stability factor and
may warrant the fact that some should look upon environmental concerns as a “luxury” which one
side of the strait seems no to have capacity enough to finance.
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Graph 1 - Sustainability of the balance of payments current account of the 10 MCs
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The economic openness, in which the MCs as a whole have engaged since the eatly 1990s—with
impetus by the Barcelona Agreements—, has altered the external constraint, but the economies
remain exposed and the balance of payments remains often vulnerable. The trade exchanges with
the EU evolve after a classical North-South model, according to which the MCs export raw
materials and manufactured products that are intensive in labour of low qualifications, and that use
low or average level technology. On the other hand, relations with the rest of the world give rise to
higher level specialisation. Yet, in any case, the MCs are in a situation of major trade deficit.
Exchanges in services seem to cover in part this deficit. But it seems that this is mainly due to
earnings generated by tourism, while trade services remain lagging behind.

In terms of Foreign Direct Investments (FDIs), the situation gives cause for concern. Admittedly,
the flows seem to be on the increase again over the past few years, but—over the whole period—the
MCs have received a total volume that is far short of what would be necessary to observe an
appreciable effect in terms of capital accumulation and increase in productivity. The MCs attracted
15.8% of the FDIs intended for developing countries in the 1980s, a share that—since the mid
1990s—has hardly exceeded 5% (3.5% on average).

In effect, for most Mediterranean countries, foreign balance obtains by compensating the significant
trade deficit (especially vis-a-vis the EU) by tourism earnings and by immigrant workers’
remittances.
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box 1 - Theoretical transmission channels of energy cost changes to the economy, and estimate of recent impacts

“The impact of a rise in oil prices translates—above all—into a rise in the energy bill, accruing not only from the oil
component, but also from the other raw materials whose prices are driven by oil prices (gas, in particular). The rise in
the energy bill is passed on to the economy as a whole via two major channels. It induces a rise in the production costs
of enterprises which, according to their margin behaviour, may pass totally or partly the rise in the cost of inputs on to
the consumer prices. Inflation rises exert negative impacts on demand and supply of goods by distorting the cost of the
factors, which leads to a fall in the country’s income.

This, then, triggers a shrinkage in the consumers’ purchasing power, the inflation translating into a dent in the real
income available. The rise in energy prices leads to a reduction of the profit margin of enterprises, which causes the
latter to revise downwards their investment and recruitment programmes. Nevertheless, this behaviour is far from
being automatic, in view of the competitive context which prevents enterprises from fully passing on the rise in costs.
(...) The IMF considered, in its estimates of September 2005, an average oil price of 54.2 $/b (for 2005) and of 61.8 $/b
(for 2006). (...) According to IMF estimates, the current level of oil prices would incur 0.7 to 0.8 points to global growth
in 2005-2006. However, the impacts would differ according to the extent of dependence vis-a-vis net oil imports, the
energy intensity of growth and each economy’s shock absorption capacity.”

Source: Repercussions of the rise in oil prices on international and national economies (in French), Department of Studies and Forecasts —
Ministry of Finance and Privatisation (Morocco), January 2006.

2. ENERGY BILL IN EGYPT, MOROCCO AND TUNISIA

In the MCs, primary energy consumption grew over fivefold between 1970 and 2005, reaching 265
million toe. According to MEO, assuming no change in the trend, demand would be in the range of
536 million toe by 2020. Population growth and economic development are the major drivers of the
increase in energy consumption. At present, fossil energies (oil, coal, gas) account for over 95% of
the energy supply of the MCs.*

In this context, the energy challenges for the MCs consist in the following actions at once:
e to meet the growth in demand;

e not to aggravate the impacts of the energy system on the local and global environment (GHG
and climate change);

e to gain in competitiveness via control over consumption, energy efficiency and renewable
energies, in an increasingly free, open and competitive Mediterranean market, and in an
increasingly volatile and uncertain international energy context; and

® to step up energy security in order to ensure political, social and macroeconomic stability.

The simulation conducted in the present chapter will involve 3 out of the 10 countries of the
Southern rim: Egypt, Morocco and Tunisia. The selected three countries alone account for over
40% of the population of the MCs. The economic weight, as measured by the GDP, is less
significant, though they account for over a quarter of the gross domestic production of the region.
However, exclusive of Turkey, the three countries account for 42.3% of the GDP. In terms of
energy, the Egypt — Morocco - Tunisia group represents the third of the region’s total energy
production and final consumption. It is worth pointing out the lesser weight in terms of imports,
about 20%, owing to the fact that Egypt and Tunisia are (modest) hydrocarbon “producers”. Tunisia
has only recently become a net importer, and Egypt is likely to soon follow suit. Their weight in
regional exports (exclusive of Libya) is, obviously, much lower, standing at less than 10%. However,
exclusive of Algeria, the set of the three countries accounts for 23.5% of the exports.

4 “The Mediterranean: Plan Bleu Environment and Development Outlook” .
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Table 1- Weight of the three countries under study among the countries of the Southern Mediterranean tim

Source Egypt Morocco Tunisia Total MCs In % of the 10 MCs
Total population 2005 (inh.) FEMISE, 74 032 884 31478 460 10 102 467 260410 199 44,4%
ILO
Active population 2005 (pers.) FEMISE, 20 359 300 11139725 3413100 79 377 844 44,0%
ILO
Unemployment 2005 (pers.) FEMISE, 2240700 1226 429 486 400 9331997 42,4%
ILO
GDP 2005 in billion US$, 1996 EIU 100 49 30 676 26,4%
prices
Primary Energy Production 2005 MEO* 71754 615 6571 310715 25,4%
(KTOE)
TPES 2005 (KTOE) MEO* 60 691 12190 8950 246 029 33,3%
Energy imports in volume, 2004 MEO* 4008 12 039 6052 116 576 19,0%
(KTOE)
Energy exports in volume, 2004 MEO* -10 136 -1441 -4 061 -171075 9,1%
(KTOE)
Final energy consumption in MEO* 40 125 9248 6417 167 569 33,3%
volume, 2004 (KTOE)

* Jordan non considered

In substance, it is to be noted that the three countries considered in the analysis account for 25% of
the economic potential of the Southern rim, 33% of the energy balance, and 44% of the population.
These figures should allow to rapidly extrapolate, on the level of the Southern rim as a whole, the
evaluations concerning our sample.

Concerning now the direct amount of the energy bill, the MCs in general, of which the three
countries selected, bring to play two combined movements which entail a high growth of the weight
of energy in the national accounts: (i) a growth of demand under the effect of a strong population
and production growth; and (if) a recent trend of the price of hydrocarbons marked by a strong
increase. For Morocco, a non producing country, for instance, energy imports accounted for 21.6%
of the total imports in 2006 (as against 15.6% in 2003), claiming 40.2% of the export earnings (as
against 25.3% in 2003). With regard to Egypt and Tunisia, which export oil products, the weight is
less heavy but is growing significantly. In Egypt, energy imports accounted for 16.3% of the total
imports in 2006 (as against 5.2% in 2003) and claimed 24.5% of exports (9.2% in 2003). In Tunisia,
these exports of energy products accounted for 13.7% of the total imports in 2005 (as against 6.8%
in 2003), claiming 17.1% of exports (as against 9.4% in 2003).

For these three countries, the energy bill in share of GDP reports a very strong growth and reaches
significant percentages: 3.1% of GDP 2006 in Egypt (0.8% in 2003); 8.2% of GDP 2006 in
Morocco (4.8% in 2003) and 6.3% of GDP 2005 in Tunisia (2.8% in 2003).

It is also worth highlighting that the prices of energy products enjoy public subsidy in most MCs.
This indirect financial weight adds up to the direct cost (Cf., in Box 2, the example of the Moroccan
Equalization Fund (CCM)).
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box 2 - The Moroccan Equalisation Fund (CCM):

This body was created in 1941 to stabilize the prices of consumer goods. After Independence, Morocco maintained this
institution, whose main resources are provided by taxation levied in the beneficiary sectors, the Fund’s Board of Directors
being vested with the authority to initiate a tax as it deems it fit. In 1975, a first imbalance arose: the Domestic
Consumption Tax (TIC) on oil products was instated by the Moroccan government, but these some 12 billion dirhams per
year are recovered directly by the State Budget, depriving the Fund of one of its most important sources of revenue. With
the implementation of the “Structural Adjustment Plans”, followed upon by the actions of liberalization of the Moroccan
economy and the international trade agreements, the Fund’s missions were revisited: as at the end of 1990, the Fund’s
subsidization list was narrowed down to sugar, edible oils, butane gas and oil products. In 1995, a new system came into
force, the prices being pegged to the Rotterdam standard market quotations of oil products, with a view to a gradual
liberalization of the economy and of the energy sector.

According to this reform, it is the consumer who bears (partially) the fluctuations of the international market for any rise
or fall exceeding a certain threshold (2.5%). The pegging was introduced, but the system was suspended in August 1999
in view of the upsurge in barrel price. Again, the Equalization Fund covered the difference between the domestic prices
set for revisable projections and international prices. The current mechanism is, roughly speaking, as follows: over a
certain period, an average price of the oil barrel is projected. If the international price exceeds this estimated amount,
the public price being not pegged (since 2001), the Fund must compensate the difference to professionals who operate
“within the framework of controlled prices”. The continuous rise of the prices of oil products (but also of the price of raw
sugar) since the beginning of the decade have destabilized the system, which is now the subject of a wide debate not
only by international bodies, such as the IMF, but also from a local point of view. This is due to an increasing burden on
public finance: in 2005, the central rate was set at 47.8 $, and in fact, that led the Moroccan State to transfer19.2 dollars
to the Equalization Fund for each imported barrel (which is equivalent to a drawing down of 600 million dirhams (DH) per
month, that is—according to the foreign exchange rate provided by the Ministry of Economic and General Affairs of 1 $ =9
DH—a monthly drawing down of 66 million $). The budget for 2006 thus provided an allocation of 7 billion DH (780 million
dollars) for equalization (subsidy) of oil products (out of a total of 9 billion), to which there had to be added 12 billion in
arrears (1 300 million dollars). To illustrate the weight on public finance, it may be recalled that, in 2005, according to
IMF data, public consumption amounted to101.26 billion DH (implying that the Fund budget accounted for over 6% of it,
and arrears for over 11%), public revenue amounted to 140.2 billion (the same shares of 5% and 8.6%, respectively), and
GDP stood at 457.62 billion (the same shares of 1.5% and 2.6%, respectively).

Today, the Moroccan authorities do not wish to completely call the system into question, while putting a ceiling on the
budget: “The Equalization Fund will still continue to support the prices of normal gas oil and of butane gas of up to 5.5
billion dirhams per year in order to sustain the citizen’s purchasing power”*, that is, 610 million dollars or, again,
according to the preceding figures for 2005: 5.5% of public consumption, 3.9% of public expenditure and 1.2% of GDP.

* Statement by the Deputy Minister in charge of Economic and General Affairs, Mr. Rachid Talbi El Alami, dated 13 January 2007.
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Il. METHODOLOGY: THE MACROECONOMIC CHANNEL
AND ITS ENERGY COROLLARY

1. OVERALL LOGIC

The approach adopted is pragmatic. For developing countries, such as the Mediterranean Partners,
economic development emergencies take precedence. This unquestionably partakes not so much of
a choice as it is of a reality. Here, for a still large part of the population, it is the vital basic needs that
need to be met, as a priority order, and which dictate conduct.

Technically speaking, in the simulation model which we propose to present, the economic
dimension will take precedence over the energy dimension. The task is, first of all, to reconstruct the
current operation of the economies, possibly by assuming that it tends towards a stabilization of the
situation in such a way that the very foundations of society are not threatened. From this economic
operation, we will deduce the energy aspects, in terms of “fuel” to the economic driving force. The
outlook may appear mechanical, if not even caricatural, but it is undeniably the reconstruction of the
current way of thinking, including in the developed countries. In almost the whole economies,
alternative technical solutions are considered only as a last resort, according to their cost and to the
possibility of introducing these techniques in an economically viable way.

In broad terms, the logic rests on the following:
Operation of the economy (to absorb the growth of the working population)
=> energy need (energy balance)
=> cost (cost of the resources)

In more detail, the logic proceeds according to the following plan:
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Graph 2 - Simulation logic-diagram
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First of all, there is an upper part simulating the economic operation, with—as a main objective—
the employment need and—as rigidities—the macroeconomic balance. This operation leads to an
economic indicator which is GDP. To reach these GDP levels, people have energy needs: economic
operation generates the total energy demand. Now, one gets to the low, left-hand side part: the
energy part which must simulate the energy balance. To meet this presumably inelastic demand
(except as, otherwise, questioning the economic foundations), it is necessary to produce energy,
locally, and to import it. What is not produced locally, whatever the method, must be imported at a
cost which depends: (i) on the volume necessary for the operation of the economy; and (ii) on the
price of the energy raw materials.

There are in the energy part some action levers: (i) REU, or rational energy use: each volume of
GDP requires the consumption of volumes of energy that the model works out as parameter, the
variation of the parameter symbolizing an action lever; (ii) RE, or renewable energy: increasing the
local production (in a “clean” way, by definition), which induces a fall in the volume that needs to
be imported and, hence, of the collective cost; based on the differential between the cost without
increase of energy production and the cost with increase, the expectancy of profit and, hence, of
return on investment, can be evaluated under various assumptions of variations of energy prices.
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2. ECONOMIC SIMULATION MODEL

2.1. Model core (economic process) used

The macroeconomic process used is a hybrid of a Keynesian and neo-classical approach. In terms of
causality, production seems to be at the origin of the largest part of the national revenue available,
which determines consumption, the trade balance and the various aggregates of the aggregate
demand (exclusive of investment). But, an impact of demand on production level operates in feed-
back by a law of Okun (Cf. Box 3): the variation of the unemployment rate is, indeed, a function of
the growth of the aggregate demand, determining employment and, consequently, production, with
investment being assumed, here, as exogenous (determined by a set rate of capital accumulation).
This feed-back effect causes the model to diverge from the model of the traditional neo-classical
approach, all the more so as the absence of the price loop allows a maximum production — aggregate
demand variance. Thus, the reasoning focuses on the typical Keynesian loop of demand side flows.

box 3 - Law of Okun, relation between growth and employment

Formulated by Arthur Okun in 1962, it describes the linear relation between the production growth rate (GDP) and the
variation of the unemployment rate. Generically, it is written as follows:

Ut-Ut-1 = -B (gt-a), where U is the unemployment rate (in t and t-1), g the growth rate, and a et B two parameters.

It stipulates, thus formulated, that the growth rate can have an impact on the variation of the unemployment rate
starting from a certain threshold of growth equal to “a”. Below the threshold “a”, unemployment increases (owing to two
factors: growth of the working population and growth of labour productivity); above the threshold, the unemployment
rate decreases, with a constant elasticity B: thus, each growth point above “a” entails a reduction of the unemployment
rate by B point.

“an

a” is a measurement of the “economy growth employment content” (variable over time and from one country to
another). For Morocco, based on IMF data covering the period 1999-2005, the coefficient is estimated as 0.4.

Soutce: Blanchard, Cohen “Mactroeconomics”, 2nd edition.

The starting point is the growth of the working population, which determines employment,
according to the variation of the unemployment rate (resulting from the growth of past demand).
The level of investment is adjusted to maintain a constant growth rate, compatible with the trend
observed (1990-2005), according to IMF data.

The initial capital stock is reconstructed based on the Vikram Nehru and Ashok Dhareshwar series
“A New Database on Physical Capital Stock: Sources, Methodology and Result”, 1995. It rests on
the inventory method, with a 4-year lifecycle. The stock is denominated in local currency at 1990
prices.

The capital and employment determine the level of the Value Added, via a Cobb-Douglas standard
production function, with constant return.

A “Total Productivity of the Factors” effect is introduced into the model by a time function
coefficient increasing the level of production, in addition to the growth generated by increase in the
capital and labour production factors.

The parameters of the Cobb-Douglas type production function for capital and labour are derived
from A. Senhadji, “Sources of Economic Growth: An Extensive Growth Accounting Exercise”,
IMF Staft Papers, vol. 47, n® 1 (2000). This paper provides for the three countries a range for the
parameter related to capital. The simulation rests on a value comprised in this range, a value that is
readjusted in order to work out the mean rate for the period 1990-2005.
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The tax incomes are generated by the production at a marginal rate t. The Income available is thus
obtained by the value of the production minus the tax levy, the capital downgraded, but increased by
remittances (here “Workers Remittances” only, exogenous data, possibly increasing over time).

The fundamental equation of Consumption is a traditional Keynesian function, determining the
level of consumption according to the income available and the propensity to consume.

Public expenditure is assumed to have to follow a constraint of a “Structural Adjustment Plan” type.
The level of public procurement of Goods and Services composing the aggregate demand is a fixed
fraction of the level of the Total Expenditures, which in their turn are determined according to the
tax incomes.

G =axTOT EXDP; a<1
TOT EXP =2’ x Tax ; a”>1
Tax = 2” x Value Added; 2”<1

It is, nevertheless, assumed over the period a certain “budgetary generosity”, the level of the total
expenditure exceeding the tax incomes. The values selected for the three coefficients are derived
from the IMF country reports and data for 2000-2005.

For the exchange cluster, the underlying assumption is that this is the case of “small countries”,
which, therefore, do not have any impact on world prices. By applying a propensity to import on
Consumption, the level of imports (in volume still) is reckoned. Under the assumption of “small
country”, the absence of (global) imports price levels is no reason for concern (by definition,
exogenous to the model).

The main question relates to the exports equation (and, consequently, the movements of the trade
balance (X-M)). In general, such an equation would make exports depend on: i) a foreign demand
indicator (in the context of the MCs, the volume of importation from the OECD or EU countries);
ii) a competitiveness-price indicator for the products of the MCs on foreign markets—(or another
possibility: i) an indicator of the role of the supply factors of the productions of the MCs and ii) the
price ratio factor). This would assume, however, including an effect of foreign exchange rate, on
which assumptions would need to be advanced as to its evolution between 2005 and 2015, in
addition to the assumptions to make on the evolution of foreign demand. The risk is to multiply the
economic assumptions not directly connected with the main issue, all of which are obviously
debatable, which would conceal the results obtained.

Moreover, the very essence of the reflection lies in an evaluation of the volumes, be they of
employment, or energy production or consumption. Indeed, it is the volumes that are relevant from
a perspective of sustainability and environmental impacts, which implies that purely monetary
effects are not desirable in this approach: they are likely, in fact, to conceal the evolution of actual
volumes.

We will, then, have selected a simple equation of propensity to export dependent on the level of
production.’

At this stage, all flows making up the aggregate demand have been identified. It is worth recalling,
nevertheless, the growth-unemployment loop: the level of growth reached determines the variation
of the unemployment rate, which—in view of the increase of the working population—determines
the level of employment (and of production, etc).

5 This also offers the possibility of making the propensity to export—here assumed to be stable for the coming 10 years—dependent on the
factors mentioned above if one were to make the model further sophisticated by integrating exchange effects.
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2.2. Calibration process

The model is calibrated for each country separately. The procedure uses the IFS data of the IMF
over the period 1990-2005. The parameters are estimated based on simple econometric relations,
which are adjusted if necessary, in such a way that the simulated national accounts (exclusive of the
shocks observed) reconstruct the trend 1990-2005.

The system of equations and the parameters estimated or observed are given, with a table presenting

the values for the three countries under consideration:

dPA/dt = a1% growth of the working population (1)
L=(1-u) PA employment level (2=
Ut - U 11 = -a2 (dGDP/dt — by) unemployment rate (3)**
dK/dt=1-0,04K capital accumulation (4)/***
I=a;K investment ()7
VA = a,"PGFK*L* production function (6)/*
T=as"VA tax revenue (7)1
REV=VA-T-0,04K+WR incomes available (8)1**
C=cotc1REV consumption (9)/**
G = (as*ar)*T public expenditure (10)/+++
M=asC +bs imports of G & S (1)
X =ag VA +bg Xexports of G& S (12)/**
GDP=C+l+G+X-M aggregate demand (13)/*

* Data generated by third-party estimates
** Jdentities or mathematical calculations

*k Statistical estimates based on IMF or MEO data: OLS, out of 15 observations

wirk Exogenous whose value is advanced

TFP =Total factor productivity ; WR = Workers Remittances

Values in local currency at 1990 prices

Table 2 - Simulation parameters for the 3 countries

PGF=0,006t + 1

PGF=0,00001t + 1

Egypt Morocco Tunisia
1) a1=2,80% a1=3,00% a1=3,23%
3) 0,31 (dGDP/dt - 1,4) -0,4 (dGDP/dt - 2,3) -0,12 (dGDP/dt - 3,3)
) 1=0,076 K 1=0,074 K [=0,078 K
(6) VA = 0,895*PGF*Ko7*L03 VA = 0,103*PGF*Ko5*L05 VA = 0,717*PGF*Ko7*L03

PGF=0,000t + 1

M T=0,15"VA T=0,26"VA T=0,20"VA

8) REV=VA-T-4%K+WR REV=VA-T-4%K+WR REV=VA-T-4%K+WR
WR =435t + 1440 WR =45 WR =46t + 310

©) C=7200+0,93 REV C=-10+0,87 REV C =160+ 0,90 REV

(10) G=0,66"1,3T G=0,6"11T G=0,66"1,3T

(1) M=10,6 C-31600 M=10,82C-60 M=10,834 C-570

(12) X=0,50 VA - 35000 X=0,46 VA - 63 X=0,596 VA - 1745

Sur la base des trois estimations du circuit, on observera que les trois pays different essentiellement
dans leur mode de croissance par le niveau de I'investissement (plus élevé en Tunisie et plus faible au
Maroc), le poids de la main d’ceuvre dans la fonction de production (plus élevé au Maroc) et surtout
la croissance de la productivité globale des facteur (forte en Tunisie, quasi nulle au Maroc).

2.3. Results of the simulation

To evaluate the relevance of the macroeconomic simulation thus calibrated, we proceed to a
comparison between the simulated data and the observed trends of 1990 to 2005.

One of the specificities of the countries of the Mediterranean rim, in general, and of Morocco, in
particular—related to the intensiveness of the agricultural production, the importance of the tourism
resources and the characteristics of their industries—is a strong exposure to exogenous shocks.
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Morocco, in particular, is very sensitive to the droughts which struck hard there during the simulated
decade.

Revisiting the data, exogenous shocks were introduced for the years concerned, by mere application
of a coefficient lower than 1 to the simulated Value Added (1992, 1993, 1995, 1997, 1999, 2000 and
2005). Though to a lesser degree, Egypt and Tunisia, too, undergo this kind of shocks (especially, as
regards these 2 countries, the impact on tourism earnings of the conflicts in Iraq and of attacks), and
the same method is applied.

Hereafter are proposed the graphs comparing the values obtained by simulation integrating the
shocks and the actual values (IFS data, IMF):

Graph 3 - Unemployment rate 1990-2005: Simulation — Observation compatison

Blue curve : unemployment rate from the simulation

Red curve: observed unemployment rate
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Graph 4 - GDP 1990-2005 (at 1990 prices, local currency): Simulation — Observation compatison
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3. THE ENERGY CLUSTER

To connect the energy balance to the economy, it is assumed that the operation of the economy
requires a consumption of energy, whatever its the form—at this point. To a certain extent, each
GDP unit is thus obtained by consuming energy units. Each economy will choose a energy mix to
provide its people with the total volume of energy necessary for a particular course of growth. It is
based on this diagram that the simulation founds the relation economy-energy here: the operation of
the economy involves a total energy consumption in volume which one finds in the energy balances

4 5 6 7 8 9 10 11 12 13 14 15
Année

(Total Final Consumption). In this version, two sectors only are singled out:
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e the Industry sector, and
e other sectors, grouping the Residential (housing) sector and the Transport sector, in particular.

The logic consists in making the consumption in these two sectors depend on the levels of
production and of the aggregate demand via a linear function.

TFC_industry=a VA +b Final consumption of the industry sector (15)***
TFC_house = a'GDP + b’ Final consumption of households, transport and other (16)***
TFC=TFC_ind. + TFC_house Reckoning the total volume necessary for the economy (17

Equation 16 calls for some discussion: in it, the final consumption of households, composing the
aggregate, depends on GDP. Indeed, we could have, alternatively, made the consumption of these
sectors depend on the population or on employment. But this would have deprived us, in this case,
of a simulation lever in terms of “rational energy use”. The trend of the coefficient “a” which we
seek to simulate would have become, indeed, ambiguous. With the rise in the standard of living, the
households will be able to access goods and services which they cannot currently finance. However,
this social progress will mathematically increase the level of consumption per capita (coefficient
“a””), without this being an indication of a trend among the people to improve their use of energy. It
would, then, be necessary to proceed in two stages: the first being a trend of convergence with the
levels observed on the northern rim (a rise in “a™); the second being an attempt to moderate this

rise by a fall in the same coefficient, due to the initiatives taken towards improving energy use.

To avoid further complicating the analysis, while allowing for the use of the objective ratios of the
MSSD, the explicative variable selected is, therefore, the aggregate demand, based on the following
reasoning: with the rise in the standard of living—made possible by the fact of finding
employment—, which depends on economic growth by assumption, people’s residential energy
needs increase, and this, due to more substantial equipment and newly possible consumption
behaviours. This implies that for the residential sector, too, demand is also a function of GDP, as
standard of living indicator, this time. However, the behaviour of households and the consumption
of equipment can be “optimised” for better energy use, which results in a fall in coefficient “a”.

With respect to this energy need (TFC), and according to the energy balances model, the supply
cluster is introduced. The volume of the energy necessary is, then, produced locally or imported.
The function of domestic production is assumed to be exogenous, in order to constitute a true
control lever, in particular as regards the production generated by renewable energies. It is also
worth noticing the remarkable stability of the growth trend over 15 years, in view of the volatility of
Moroccan growth and the volatility of oil prices, which stability further confirms the idea of
independence of consumption of the variations of energy prices.

In order to estimate the benefit of investing in an increase in domestic production via the use of
energy sources in line with sustainable development objectives, the model holds this variable for
exogenous, that is constant, or following a time-bound trend.

Prod_domestic =aT + B | Domestic energy production | (18)**

Between the primary production and the actually distributed energy, there exist multiple sources of
loss (and, consequently, of optimization), of indirect uses and of self-consumption (e.g. stock
constitution, maritime storerooms, consumption of power production plants,...). Let us assume, for
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the time being, that production and distribution losses, self-consumption, storage, etc... are not
distinguished. Again, this must be a control variable and the simulation thus assumes it to be
exogenous. The simulation already giving the level of the TFC, the level of these “losses” is set in
such a way that the TPES re-calculated by the simulation is adjusted to the level observed by MEO.

Losses =P | Losses and indirect uses of Domestic Production [ (19)**

The energy balances also take into account the exportation of the energy produced locally, which—
in a national model—must be subtracted from the supply available on the domestic market. This
variable is considered, here, as exogenous, that is constant, or following a time-bound trend. It is
interesting, from this standpoint, to note the example of Egypt, a producing country, whose exports
follow a negative trend. For such a country, it may be worthwhile to consider the question of trade-
offs between domestic use, and exportation—according to market price—of the resource (this
being, accordingly, the case for Tunisia).

X_nrj=aT +b | Domestic energy exported [ (20

We, thus, derive the gap between domestic demand and the supply available by domestic
production, which will be assumed as being imported.

B_nrj=TFC-(pertes* Prod_domestic — Xnrj) | Energy volume to be imported for domestic needs [ (@21

Estimate of the coefficients per country:

TFC_industry=aVA +b Final consumption of the industry sector (15)**
TFC_house = a'GDP + b’ Final consumption of households, transport and other (16)**
TFC=TFC_ind. + TFC_house Reckoning the total volume necessary for the economy (n*
Prod_domestic =aT +B Domestic energy production (18)***
Losses = P Losses and indirect uses of Domestic Production (19)***
X nj=aT+b Domestic energy exported (20)***
B_nrj=TFC-( Losses * Prod_domestic — Xnrj) volume of energy to be imported for domestic needs (21)**
* Data generated by third-party estimates
**+ Jdentities or mathematical calculations
#k Statistical estimates based on IMF or MEO data and simulated values, out of 15 obsetvations.
wR#E Exogenous whose value is advanced
Table 3 - Simulation parameters for the 3 countries
| Egypt | Morocco | Tunisia

(15) 0,095* VA - 1 260 8,23* VA - 163 0,051* VA + 690

(16) 0,158*GDP - 2 150 25,5*GDP - 1 348 0,262*GDP - 444

(18) =740 + 54 300 735 ; trend non significatif 6400 ; trend non significatif

(19) Pertes = 0,78 Pertes = 0,84 Pertes = 0,84

(20) =-600*t+24 750 X_nrj =-805 ; trend non significatif X_nrj =-4210 ; trend non significatif

Few remarks can be directly made based on this table, the equations (15) and (16) being in local
currency. It is worth noting, however, that Egypt posts a greater rate of “loss” than the other two
countries. Concerning production, Egypt seems to still have some margin to increase its domestic
production (or, at least, such was the case in the previous decade), but its exports follow a declining
trend which can, in the long run, have a negative impact on the balance of payments. As regards
Tunisia, the absence of a positive trend in terms of production during a period of a rise in the price
of the resource tends to reveal a levelling off of the production.

The OLS estimate gives fairly significant results. By taking up again the economic simulation while
integrating the shocks, it will be possible to compare below the total estimate between 1990 and
2005 of final consumption compared with the observed data provided by the Mediterranean Energy
Observatory (MEO) for each of the countries studied:
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Graph 5 - Total Final Consumption: Simulation — Observation comparison
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At this stage, we obtain—with these two clusters—a simulation model that helps reconstruct the
operation of the 3 economies and estimate, for each one of them, the energy need compatible with
the trend economic operation, as well as the need for them to resort to importation to meet this
need. It now remains to evaluate the relevant cost.
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Ill. EVALUATION OF THE COSTS OF “NON ACTION” AND
OF THE MARGINS OF FINANCIAL MANOEUVRE OFFERED
BY THE VARIOUS STRATEGIES

1. ASSIGNING VALUE TO ENERGY VOLUMES

First of all, it is important to take a glance back at the estimate of energy volumes. Any monetary
effect being eliminated from the model, by taking into account only variables in volumes, the issue
of units is of secondary relevance. The task of the calibration was, accordingly, to estimate the
functions of demand and supply based on a common volume unit, irrespective of the energy used.
The logic was to choose the “ton of oil equivalent (toe)”. The monetary evaluation was geared
towards assigning a price to the TOE. The choice is quite simple. The price of the barrel converted
into “ton of oil” gives the dollar value of the need to cover. Of course, the mix imported is not
composed at 100% of oil, and a value-assighment assumption based exclusively on an average price
of the barrel is a simplification. But, it will be assumed hereafter that the evolution of the oil price
drives that of the price of other fuels, thus representing a good approximation.

The source used to estimate the price of the barrel is the series given by the IMF in its “World
Economic Outlook™ base, October 2007.

Graph 6 - Evolution of the oil price

80

70 Pétrole brut, moyenne simple de 3 prix spot
(APSP) : Dated Brent, West Texas Intermediate
60 et Dubai Fateh
50 ’///

30
20 ’\/-\/

10

1990
1992
1993
1994
1995
1996
1997
1998
1999

1991
2000
2001
2002
2003
2004
2005
2006
2007
2008

Source FMI, WEO database, octobre 2007

2. LOGICS AND ALTERNATIVES

The trend analysis will, thus, yield a “total cost” in dollars of the currently adopted energy strategy,
according to the recent economic trend. When this is extended to a more remote time frame, the
dynamics of oil prices becomes a key element in the cost-benefit evaluation. While one will obtain
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directly only one cost, the logic adopted is to consider that—among several alternatives—the cost
differentials obtained allow an identification of the room for manoeuvre available to finance the set
up of new mechanisms.

As has already been pointed out, several elements of the simulation were regarded as “exogenous”
or as “parameters”’, which confers upon them the status of an action lever and helps distinguish
several types of public options.

This, then, leads to envisaging the following types of action:

1) 1. Actions fostering a more rational energy use and targeting households, transport and other
non industrial sectors. Equation (16) is the simulation element: TFC_house = a*GDP +b (16).
It is, indeed, assumed that the actions undertaken will help bring down the value of the
consumption / GDP elasticity (coefficient “a”) from the value 2005 to a target value 2015.

2) 2. Actions fostering a more rational use of energy in the industrial sectors. Equation (15) is the
simulation element: TFC_industry = a*VA +b' (15). It is, indeed, assumed that the actions
undertaken will help bring down the value of the consumption / VA elasticity (“a”) from the
value 2005 to a target value 2015.

3) 3. Actions sustaining a diversification of the domestic energy supply by a recourse to renewable
energies. Equation (18) is put to service here: Prod_domestic = a”T+b” (18).

The value of the parameter in the standard model corresponds to the average production over the
past few years, or to its time-bound trend, including the share of renewable energies. It will be
assumed that the actions undertaken will help increase the share of RE in this total production, the
remainder being assumed as constant (or pursuing the previous trend), the production level, thus,
increasing gradually, which is simulated by adding, to the initially simulated value, the new RE
production.

3. RESULTS

3.1. Trend evolution: Future cost according to three possible oil price
trends

In this first section, the purpose is to observe the evolution between 1990 and 2005 for the three
countries. Then, the simulation is extended over 10 years, in such a way as to obtain a forecast of all
indicators for the time frame 2015 (2005 + 10 years), “All Other Things Being Equal”. It is, thus,
assumed that the economic process follows the operation highlighted over the past 15 years, during
10 years still, without structural change. The same assumption is made with regard to the energy
process, which amounts to assuming that no action is undertaken to achieve the MSSD objectives.

Between 1990 and 2005, in an economic context of insufficient growth to absorb the significant
unemployment reported by the three countries, the total energy consumption has followed a similar
trend and almost doubled (+80% in Egypt, +86% in Morocco, +94% in Tunisia). The evolution of
imports differs appreciably between the three countries. In Morocco and in Tunisia, the growth of
imports has followed that of consumption (growing almost twofold), though slightly higher in
Morocco (+95% in Morocco and +93% in Tunisia). On the other hand, the imported volume has
been multiplied by 4.4 in Egypt.
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At the same time (Cf. Graph on the evolution of the price of the barrel), the price of the resource
has risen by a factor of 2.3 (1990-2005). But the combined effect of the increase in volume necessary
and of the price of the resource implies that it is by a factor of 4.5 that the cost of energy has
increased over the past 15 years in Morocco and in Tunisia. In Egypt, which has reported a high rise
in imported volumes, the cost of energy has multiplied by 10.3 in 15 years. In monetary terms,
combining MEO data on imports and IMF average barrel price, it is thus noted that the cost at
international market price of the countries’ energy imports has risen by a factor of 5.3, at a value of 1
895 million dollars in 1990 (283 million for Egypt, 1 110 million for Morocco and 502 million for
Tunisia) and amounting to 10 181 million dollars in 2005 (2 917 million for Egypt, 5 011 million for
Morocco and 2 253 million for Tunisia).

A continuation over 10 additional years (2006-2015) of these trends allows a preliminary evaluation
of the energy need necessary for a mere continuation of the current dynamics, of which it must be
said, however, that it is hardly sufficient to stabilize the unemployment rate, considering a steady
growth of the working population. According to the process described, the energy need of the three
countries is set to further grow by 76.7% by 2015 reaching 40 171 thousand toe (15 604 for Egypt,
reporting a rise by 163%;15 075 for Morocco, reporting a rise by 41%; and 9 492 for Tunisia,
reporting a rise by 56%).

To estimate the related cost, it would naturally be necessary to consider the evolution of the oil price
over the same period. The position taken here is not to multiply assumptions, knowing that this
price is fundamentally difficult to predict in the wake of geopolitical considerations combining with
economic principles. In what follows, each monetary estimate will be conducted based on three
trends:

e The oil price falls again to lower levels, even though consumption increases. In this case, there
will be assumed a price of 75% per barrel in 2015, in a linear fall with respect to a level reached in
2008 (that is 1209).

Under these conditions, the cost would pass from 10.2 in 2005 to 16.1 billion dollars in 2010,
then would grow more slowly up to 22.1 billion in 2015, the rise in demand exceeding the fall in
price of the resource. For Egypt, the amount would reach 5.2 billion in 2010 then 8.6 billion in
2015. In Morocco, the amounts in 2010 and 2015 would be of 6.9 billion and 8.3 billion,
respectively; and, in Tunisia, of 4.1 billion and 5.2 billion.

e The price is maintained at 120 § per barrel. In this case, for the three countries, the price to be
paid would pass from 10.2 to 18.4 billion § in 2010 (5.9 billion for Egypt, 7.9 billion for Morocco
and 4.7 billion for Tunisia) and 35.3 billion in 2015 (13.7 billion for Egypt, 13.3 billion for
Morocco and 8.3 billion for Tunisia).

e The price continues its trend rise to reach 175 § per barrel (according to a linear growth). In this
extreme scenario, the energy cost would reach 20.5 billion in 2010, then 51.5 billion in 2015. For
Egypt, the bill would amount to 6.6 billion in 2010 and 20 billion 5 years later. For Morocco,
these amounts would be of 8.8 and 19.3 billion, respectively; and, for Tunisia, they would be of
5.2 and 12.2 billion.
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Graph 7 - Cost ranges of the trend scenario 1990-2015 according to the evolution of oil prices
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Having estimated the energy need trend, as well as its probable cost according to oil prices, we may
now move on to deducing, by difference, the financial room for manoeuvre (if not of self-
financing), and this based on comparing—to the baseline scenario described above—the various
alternatives represented by the adjustment of certain parameters of the energy loop, which
adjustments correspond to the previously described REU/RE actions. The differential is expressed,
on the one hand, in terms of volume measured in thousand TOE, then in terms of value according
to the three assumptions made on the price of the barrel between 2005 and 2015 (stable at 120 §

over 10 years; falling at 75 in 2015; rising to 175 §).
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3.2. Rational energy use: Less energy for as much growth, the energy
volume - GDP unit ratio

A first scenario illustrates the benefits to be expected from REU actions targeted at the demand of
non industrial sectors (transport, residential, other). In the model used, the final consumption of
these sectors depends on the level of the demand aggregated by an elasticity (the cost in TOE of a
GDP unit). The assumption of the simulation is that the actions aimed at rationalizing energy use
result in a decrease in the energy cost of the operation of the economy, i.e. less energy is needed to
reach the same level of production (that is, reducing the elasticity). The illustrated case simulates a
fall by 10% in 10 years of the simulated level 2005 (that is, slightly more than 1% per year, a figure
selected since corresponding to the lower objective of the MSSD).

Graph 8 - Annual value in dollars of the savings made in view of the evolution of oil prices by REU actions targeted at non
industrial sectors
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Tunisie
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In this type of graph, it will be noted that the cost of non action is represented by the variance
between the scenario curve and the axis of the abscissa.

The result derived from the model indicates an aggregate saving of 31.876 thousand toe within a
period of 10 years for the three countries (of which 6 420 annually by the end of the period, that is
11.1% of the annual consumption 2005 of the three countries). The value of this saved
consumption, aggregated over the last three years of the simulation, reaches 9.2 billion § with a
barrel at 758. It would represent 13.9 billion dollars if the price of the barrel were to stabilize at 120
$. Lastly, with a barrel whose price would rise to 175 § in 2015, the differential of the aggregated
cost over the last three years would represent 19.3 billion dollars (for country details, cf. table 5 in
section E).

It is worth recalling, with regard to each of these estimates in value (as well as with regard to the
following ones), that they are obtained by difference between the trend costs estimated in a)
according to a oil price in 2015 and the new costs obtained after a change in the parameters. This
amounts to observing that “the actions to improve REU [by 10% in 10 years] allow a saving of X
million $”, a gain that can be compared with the costs of implementation of the measures to be
taken for the achievement thereof.

Can the industrial sector be targeted by similar measures? Experts have a divided opinion about this,
as well as about achievable objectives. One may, in fact, estimate that, as enterprises are subject to
international competition, they cannot afford to be inefficient in the use of the energy resource at
the risk of seeing themselves eliminated from the market. The competition mechanism involves an
optimisation of the resources and, consequently, competition urges the use of best techniques. But,
underlying these automatic mechanisms, one may argue for various approaches, particularly in terms
of sectors subject or not to competition, margin behaviour or optimisation of inputs, etc, which
leaves room for a general optimisation of the use of the energy resource. As an illustration,
consumption is also connected with the VA of the economic model by a second elasticity. The
simulated assumption is, here again, a linear fall by 10% of this elasticity in 10 years (i.e. consuming
10% less for the same level of production).
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Graph 9 - Annual value in thousand dollars of the savings made, according to the evolution of oil prices, via REU actions
targeted at industries
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The result obtained is equivalent to a saving of 14.563 thousand toe in 10 years (of which 2 913
annually by the end of the period, or the equivalent of the annual imports of Tunisia in 1990). The
value of this spared consumption amounts, for the last three years, to 4.2 billion § with a barrel at
75%, 6.3 billion with a barrel at 120 $) and 8.8 billion dollars if the oil price were to reach 175 § per
barrel.
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3.3. Diversify the local energy supply: Renewable energies

The Supply aspect should not be neglected. Part of the energy need can also be covered by domestic
production. The question considered here is directly that of Renewable Energies (exclusive of
biomass), the environment aspect undetlying the whole study. Thus, the last effect evaluated is that
of a policy of promotion of RE.

The renewable energies potential in the Mediterranean is considerable and largely under-tapped,
according to the Plan Bleu report. The Mediterranean has a sunshine ranking among the highest
wotldwide (approximately 5 kWh/m?/day), sites favourable for aero-generators are multiple,
geothermal resources are appreciable (as in Turkey), possibilities of development of small-scale
hydropower are significant, and the use of biomass is an energy option for a good part of these
territories.

In the simulation, it is obtained by increasing the level of the simulated production. The MSSD has
set a regional target of 7% of domestic production. In view of the current situation in the three
countries, this target seems to be very difficult to sustain for the time frame 2015. Morocco, the
most advanced of the three in this regard, is at 1.35% (exclusive of biomass), while Egypt and
Tunisia stand at 0.06%. All in all, in 2005, Renewable Energies, thus, accounted for a production of
201 thousand toe, that is 0.24% of the Apparent Consumption. Two scenarios are, hereafter,
considered: a low hypothesis scenario and a more proactive scenario.

The first scenario rests on the following country assumptions. In Egypt, the low hypothesis is to
reach 1% of the apparent consumption, that is a production totalling 938 thousand toe by 2015. In
Morocco, the low hypothesis is to double up in 10 years the current RE (exclusive of biomass)
production, which would pass from 150 thousand toe to 300 thousand toe. This will put up the
share of RE in the Apparent Consumption from 1.35 to 1.7% by 2015. In Tunisia, the simulation
assumption is, as in Egypt, to reach 1% of the Apparent Consumption, that is a production totalling
130 thousand toe by 2015 (almost the level of Morocco 2005). For the three countries as a whole,
this scenario implies that the production would reach 1 368 thousand toe by 2015 (7 times the level
of 2005), which would account for 1.1% of the Apparent Consumption.

This first simulation yields a saving of 3 029 thousand toe in 10 years, of which 812 thousand the
last year (1.3 times the total domestic production of Morocco in 2005). It is known that the play of
the relative prices of energy sources is fundamental in the depreciation of the investments outlaid in
infrastructure, which confirms the value assignment to these savings according to various evolutions
of oil prices. The value of the spared consumption in the last three years amounts to 1 040 million §
with a barrel at 758, 1 578 million with a barrel at 120 § and 2.2 billion if the oil price were to reach
175 $/barrel (1.2 times of the total energy imports of Tunisia in 2005).

A second simulation was conducted with a more ambitious objective in terms of RE, although still
lower than the regional objective. It is based on the assumption that, in the 3 countries, the
production of RE would reach 3% of the Apparent Consumption (less than a half of the regional
objective of the MSSD). In Egypt, the production ensured by RE (exclusive of biomass) would,
thus, reach a level of 2.815 thousand toe. In Morocco, this amounts to increasing the level of the
production to 534 thousand toe by 2015. And in Tunisia, the production would rise to 391 thousand
toe. This would, therefore, amount to multiplying by 19 the 2005 level of RE production to reach 3
739 thousand toe.

This second simulation totals, over 10 years, a saving of 7 249 thousand toe (it’s worth recalling that
the total volume of the energy imported by Egypt in 2005 amounted to 7 460 thousand toe), of
which 2 367 for the year 2015 alone (about 57% of the volume exported by Tunisia in 2005). The
financial room for manoeuvre allowed by such an increase would represent, for the last three years, a
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value of 2.8 billion dollars with a barrel at 75 §, of 4.3 billion dollars with a barrel stabilized at 120 §,
and would rise to as much as 6 billion with a barrel reaching 175 § in 2015.

Graph 10 - Annual value in thousand dollars of the savings made, according to the evolution of oil prices, via increasing
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3.4. GHG emissions

The simulation has helped evaluate a “cost of non action/benefit of action” in terms of non used
energy resources, which makes it possible to address issues directly connected with the environment.
The task is, once having demonstrated the strictly economic benefit obtained, to also evaluate the
direct environmental benefit on top of it. This chapter will, then, conclude by an evaluation of these
costs/benefits in terms of CO, emissions.

By helping reconstruct the energy balance, the simulation used can address the issue of CO,
emissions, based on the following assumptions:

The transition from power consumption to carbon dioxide is made according to the method of the
“IPCC Guidelines for National Greenhouse Gas Inventories”, 1996 revised. The reckoning of the
emissions is conducted, here, based on the carbon content of the fuels available in general for the
country. It is organized in 6 stages: (i) Estimate of the apparent consumption (in toe); (ii)
Conversion into an energy unit, the terajoule; (iii) Calculation of an aggregate emission factor which
is the average of the emission factors per source of fuel weighted by the share of these sources in the
total consumption. Use is made, here, of the breakdown of the balances derived from MEO for the
latest year available, i.e. 2005. In view of the energy mixes of 2005, the total factors selected for the
three countries for purposes of the simulation 2006-2015 in tons of carbon/terajoules are given in
the following table; and (iv) Correction, to take into account incomplete combustion, then
conversion of oxidized carbon into CO, emissions.

Table 4 - Apparent Consumption per type of fuel for the three countries:

Egypt 2005 Volume in TOE Share in total Carbon emission
factor
T of C per TJ)*

Apparent 17,741

Consumption** 62 753 100,00%

of which

Coal 894 1,42% 26

Crude oil 36 167 57,63% 20

QOil Prdts - 4644 - 7,40% 20

Gas 27765 44,24% 15

Hydro 1087 1,73% 0

RE Biomass 1437 2,29% 30

RE non Biomass 47 0,06% 0

Morocco 2004 Volume in TOE Share in total Carbon emission
factor
T of C per TJ)*

Apparent 21,731

Consumption** 11 091 100,00%

of which

Coal 3628 32,71% 26

Crude oil 5540 49,95% 20

Oil Prdts 1316 11,87% 201i

Gas 0 0,00% 15

Hydro 138 1,24% 0

RE Biomass 319 2,88% 30

RE non Biomass 150 1,35% 0




PART 2 MITIGATION OF CLIMATE CHANGE: TOWARD A LOW CARBON ENERGY SECTOR
CHAPTER 5 Economic simulation of energy development strategies in the Southern countries of the Mediterranean:
Egypt, Morocco, Tunisia

Tunisia 2005 Volume in TOE Share in total Carbon emission
factor
T of C per TJ)*

Apparent 19,450

Consumption** 8307 100,00%

of which

Coal 0 0,00% 26

Crude oil 1763 21,22% 20

Oil Prdts 2316 27,88% 20

Gas 3091 37,21% 15

Hydro 12 0,14% 0

RE Biomass 1121 13,49% 30

RE non Biomass 4 0,06% 0

Source: MEO, * “IPCC Guidelines for National Greenhouse Gas Inventories”, 1996 revised ** Defined in the IPCC Guidelines as Production +
importations — exportations — International storerooms — variations of stock. In the simulation, the storerooms and stocks are not considered, for lack
of data.

At this stage, it is assumed that—for the trend scenario and scenarios 1A, 1B—the share of fuels
and, consequently, the emission factor, remains constant from 2006 to 2015. Conversely—for
scenarios RE 3A and 3B—it is actually this total factor which changes due to a diversification of the
energy mix. For purposes of the simulation, the assumption put forward is that the share of
traditional fuels (non RE exclusive of biomass) in the apparent consumption “non RE exclusive of
biomass” remains fixed, the total shares changing by the significance of “clean” RE in the
production. The variation of CO, emission with respect to the trend scenario thus results from the
improvement of the total emission factor related to an increase in the use of RE in the domestic
production.

The last assumption relates to the estimate of the apparent consumption resulting from the
simulation, with certain variables, such as storerooms or stock, not included. Besides, the simulation
estimates the TFC rather than the TPES, since it deals mainly with the demand side. In fact, the
simulation does not consider here the energy consumption of the energy sector itself, in particular
for power production, which needs to be corrected in order to estimate the emissions. Also, the
apparent consumption is calculated based on the TFC according to a relation between the estimate
of the total apparent consumption defined by the IPCC, according to the detailed balance of MEO,
and the TFC, as estimated by OLS:

App Consump = a TFC + b

Using the method which has just been described in the model, we obtain the following observations:

e The CO, emissions of the three countries due to energy consumption amounted to 130 million
tons per year in 1990. They increased by 44% over the decade to reach 188 million tons in 2000,
then 231 million tons in 2005. According to the trend scenario described in this study, the
expected rise is of 51% between 2005 and 2015, year during which the three countries would
emit 348 million tons of CO, due to their energy consumption. It is worth mentioning that these
figures are all derived from the simulation, including those concerning the period 1990-2005
where we apply the method described in the IPCC guidelines to the figures provided by MEO.
Between 2005 and 2015, Egypt would report an increase in its emissions by 50.7%, thus passing
from 167 million tons to 252 million. The rise for Morocco would be hardly lower than 47.9%,
the volume increasing from 405 to 58 million tons. The rise would be bigger for Tunisia (56.2%),
the emissions growing from 25 to 38 million tons.
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Graph 11 - CO; emissions: time series and trends
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e The main scenarios studied are capable of moderating these emissions, by acting either on the
apparent consumption, or on the emission factor via change of the energy mix used. The extent
of the various effects per year can be seen in the following graphs:

Graph 12 - CO; emissions: differentials according to the scenatios
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At the end of the simulation, the gain ranges from 2.9 million tons per year (3A), that is 1.3% of the
level for 2005, to 24.8 million tons (1A), that is 10.7% of the total for 2005. The high RE scenario
would generate a gain in 2015 of about 9.5 million tons, that is 4.1% of the level for 2005. The
hierarchy is identical, on the whole, for each of the three countries, with scenario 1A generating the
greatest gain in terms of emissions, the low RE scenario (3A) being the most modest. On the other
hand, the variation between scenarios 1B (REU targeted at industries) and 3B (high RE) generates
different gains according to the countries. In Morocco, the gain in 2015 generated by scenario 1B is
61% higher than that of 3B, when in Tunisia the latter posts gains that are twice higher.

e Thus, in 10 years (2006-2015), the aggregate gain in non emitted CO, totals 9.9 million tons in
scenario 3A; 28.1 million in scenario 3B (that is, a little more than the annual level 2005 of
emissions for Tunisia), and 57.4 million tons in scenario 1B (the annual level projected for the
time frame 2015 for Morocco); the aggregate reaches 123.2 million tons in the case of scenario
1A (approximately the level reached by the emissions of Egypt in the early 2000s).
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IV. SYNTHESIS TABLE & GRAPHS AND CONCLUSIONS

The objective of the study was to estimate the direct short-term economic cost of not engaging
actions as described in the MSSD targeting the field of energy. The method used has consisted in
coupling a standard economic channel in volume reconstructing the operating conditions of three
countries from the Southern Mediterranean rim (accounting for nearly 45% of the population, a
third of the energy consumption, and a quarter of the economic production) and an energy channel
which estimates the volume of energy necessary to the operation of the economies. This simulation
was, initially, calibrated in such a way as to reconstruct the trends of the 3 economies over the past
15 years. Then, the operation is extended until 2015, that is an extra 10 years. This extension
describes a trend, baseline, scenario which stands for non action in terms of national energy strategy.

Four (4) alternative scenarios inspired from the objectives of the MSSD, standing each for a certain
type of actions in favour of rational energy use (REU) or of development of renewable energies
(RE) were compared to the baseline scenario in order to calculate the potential direct economic
gains generated by these types of action. These possible gains are then interpreted:

e cither in terms of “cost of non action”, since the cost of energy in the baseline scenario is higher
than the same cost in the identical economic context of the alternative scenario, but the latter
taking into account the behavioural changes with respect to energy;

e orin terms of financial room for manoeuvre elicited mainly for the financing of the described
actions, assuming that, with a expenditure budget maintained, the price differential obtained can
be invested in the field of energy efficiency.

The quantified illustration in the case of the three countries is given in the following table:
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Table 5 - Summary of the results

Alternative scenarios:

In volume (Thousand TOE)

Cost of "non action" Price of barrel in 2015

Million dollars

Price of barrel in 2015
75

120

175

1A : Actions of Rational Energy Use targeted at households and transport (demand sid
Leading to a decrease by -10% in 10 years of the energy consumed per GDP unit

-

Egypt

Morocco

Tunisia

-21 381

6177

-4 317

-6 161

-1765

-1259

9291

-2 661

-1899

12 949

3708

2647

1B : Actions of Rational Energy Use targeted at industrial sectors (demand side)
Leading to a decrease by -10% in 10 years of the energy consumed per GDP unit

Egypt

Morocco

Tunisia

-11650

2121

-192

-3 354

-606

-231

-5 058

-914

-348

7049

1274

485

Low hypothesis:

3A: Diversification of the domestic energy supply by promoting renewable energies exclusive of biomass

Egypt
Increase domestic production to reach 1% of the App. Consumption in 10 years (from 47
to787 Ktoe)

Morocco
Double up domestic production from 150 to300 Ktoe in 10 years (from 1.3 to 1.7% of the
App. Consumption)

Tunisia
Increase domestic production to reach 1% of the App. Consumption in 10 years (from 4 to
130 Ktoe)

-1984

-685

-360

124

-184

-133

-1099

=277

-202

1540

386

283

High hypothesis:

3B : Diversification of the domestic energy supply by promoting renewable energies exclusive of biomass

Egypt
Increase domestic production to reach 3.0% of the App. Consumption in 10 years ( 47 to 2
360 Ktoe)

Morocco
Increase domestic production to reach 3.0% of the App. Consumption in 10 years (from 150
to 530 Ktoe)

Tunisia
Increase domestic production to reach 3.0% of the App. Consumption in 10 years (from 4 to
390 Ktoe)

-5 203

-1161

-885

-2 099

-332

-367

-3 200

-502

-560

4499

699

789
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The quantified illustration tends to indicate that most of the possible actions generate an appreciable
direct economic benefit under the form of non used and, hence, available resources for alternative
uses. It helps visualize directly the strictly economic and immediate cost of not investing in a better
energy management, which we called cost of non action (Cf. following graphs), which cost is broken
down into used energy volume and into financial cost in the case of importing countries.

Graph 13 - Cost of non action in terms of resource saving
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Graph 14 - Cost of non action in thousand dollars, according to oil price
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In conclusion to this chapter, we will sum up the results by aggregating the potential gains for the
three countries before extrapolating these figures on the level of the 10 MCs, which will help
appreciate the extent of the stakes, both in economic terms and in environmental protection terms.

For the three countries of the analysis—Egypt, Morocco and Tunisia—, to take actions of rational
energy use on the demand side aimed at cutting down by 10%, for the time frame 2015, the energy
intensity of households and industries (scenarios 1A and 1B), while modestly developing renewable
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energies so that they account for 1% of consumption (scenario 3A), would lead to the saving of 49
468 thousand toe in 10 years, of which 10 146 thousand tons for the year 2015 alone, which
accounts for 17.6% of the Final Consumption 2005. The cost thus avoided for the last three years
(2013-2015) would amount to 14.4 billion dollars if the oil price were to drop back to 75 §, 21.7
billion if the price of the barrel were to stabilize at 120 §, or it would amount to as much as 30.3
billion dollars if the oil price were to rise to 175 § by 2015 (that is, the aggregate total exports of
goods of Tunisia and Morocco in 2005 i.e. 21.6 billion dollars). As regards the environment, these
actions would help avoid the emission of 190 million tons of CO,, of which 39 million tons for the
year 2015 alone, that is 17.0% of the emissions reported in 2005.

By combining the actions of rational energy use (REU) with a more ambitious development of
renewable energies (RE)—which would reach 3% of consumption (scenario 3B)—, the volume of
energy saved would amount in 10 years to 53 688 thousand toe (almost the total final consumption
(TFC) of the 3 countries in 2005 - 93%), of which 11 700 thousand toe for the year 2015 alone
(20.2% of the consumption in 2005). That would generate, according to the evolution of oil prices, a
saving in the range of 16.2 billion to 34.1 billion dollars. This would have helped avoid, over the
same decade, the emission of 209 million tons of CO, (19.8% of the level of 2005, or again
approximately the sum of the emissions of Egypt and Morocco in 2005).

Recalling the percentages represented by the 3 countries in the 10 MCs as a whole (Cf. Table 1),
these results can be extrapolated to the whole of the Southern rim as follows:

1) According to a trend scenario, knowing that the three countries accounted in 2005 for 33% of
the TFC of the MCs, the final consumption in 2015 in the 10 MCs would total 267 thousand
toe. The estimated cost to meet these needs would then amount, for the region, to: 66.9 billion
dollars for a barrel dropping to 75 § (more than the GDP of Morocco in 2005: 55.6 billion
dollars), 107.1 billion with a barrel price stabilizing at 120 $ and 156.1 billion in the event of a
moderate rise of barrel price to 175 § (exceeding the GDP of Egypt 2005:93.2 billion §);

2) In the case of scenario 1A, which simulates actions fostering rational energy use (REU) among
households in the first place, the possible gain in energy volume would be about 96.593
thousand toe, of which about 19 455 thousand for the year 2015 alone. Here, the cost of non
action extended to the Southern rim would range between 23 billion dollars for a barrel at 75 §,
27.8 billion for a barrel at 120 §, and up to 58.5 billion if the barrel were to reach 175 §. It is
worth recalling that the nominal GDP of Tunisia stood at 28.7 billion dollars in 2005;

3) In the case of scenario 1B, which evaluates the impact of actions of rational energy use (REU)
targeted at industries—and recalling that the 3 countries of the analysis account for 25% of the
regional GDP—, the possible gain in volume would exceed 58 252 thousand toe, of which
more than 11 652 thousand toe in the year 2015 alone. According to the price of the barrel, the
value of these savings would amount to 16.8 billion dollars, 25.3 billion and up to 35.2 billion,
respectively;

4) The recourse to renewable energies, were it to be as modest as in the case of scenario 3A,
would help save—all the same—not less than 9 180 thousand toe, of which over 2 462
thousand in the year 2015 alone. The amounts which these potential savings represent (and
which may be considered as investment potential) would amount to 3.2 billion dollars if the oil
price were to drop to 75 $ per barrel, 4.8 billion if the price were to stabilize at 120 §, or 6.7
billion if the oil price were to rise to 175 dollars;

5) A stronger effort of recourse to renewable energies (RE), raising the share of the latter to 3%
of consumption (scenario 3B)—which is slightly less than a half of the MSSD target—would
generate a saving of about 21 966 thousand toe in 10 years, of which over 7 172 thousand per
year in 2015 (it is worth recalling that total final consumption (TFC) of Tunisia in 2005 stood at
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6 434 thousand tons). The value of the savings generated for the last three years would, then, be
about 8 billion dollars with a barrel at 75 $, 12.9 billion with a bartrel at 120 § and 18.1 billion
with a barrel at 175%;

In terms of CO, emissions—again, based on the fact that the 3 countries of the sample
account for 33% of the regional TFC—the regional aggregate of the emissions avoided over
the period 2005-2015 would amount to 30 million tons in the case of scenario 3A, 85 million
tons in the case of scenario 3B, 174 million tons in the case of scenario 1B, and 373 million
tons in the case of scenario 1A. By combining the actions of Rational Energy Use (REU) and a
rise in the share of Renewable Energies (RE), the potential reduction of CO, emissions would
range between some 577 million and some 632 million tons. In annual terms, in 2015, the
region could avoid the emission of a volume ranging between 119 million to 139 million tons.

5-45






CHAPTER 6

Renewable energy and rational energy use in the South
and East Mediterranean countries: current situation and
outlook






PART 2 MITIGATION OF CLIMATE CHANGE: TOWARD A LOW CARBON ENERGY SECTOR
CHAPTER 6 Renewable energy and rational energy use in the South and East Mediterranean countries: current
situation and outlook

TABLE DES MATIERES

KEY MESSAGES 5

INTRODUCTION 6

I. ANALYSIS OF THE CURRENT RENEWABLE ENERGY AND ENERGY EFFICIENCY
SITUATIONS IN VIEW OF MEDITERRANEAN STRATEGY FOR SUSTAINABLE

DEVELOPMENT (MSSD) OBJECTIVES 8
1. RE and REU potential in the SEMC and objective of the MSSD 8
2. National RE and REU promotion policies in slow progress 9
3. Quantified indicators: Some progress, but current trends far from heading towards MSSD objectives 15
4. CONCLUSION 27
Il. BARRIERS STILL TO OVERCOME 29
1. Institutional and legal barriers 29
2. Technical and technological barriers 31
3. Barriers related to social and psychological acceptability 32
4. Economic and financial barriers: Reality or perception? 33

Ill. RE AND REU: MANY ADVANTAGES, PARTICULARLY IN THE FIELD OF

EMPLOYMENT 45
1. Obvious strategic, environmental and financial benefits 45
2. An opportunity to substitute employment for fossil fuels imports 45
IV. SUMMARY AND CONCLUSIONS 47

1. The institutional frameworks dedicated to RE and REU are still incomplete, little visible and, sometimes,

instable 48
2. The issue of energy efficiency is neglected 48
3. Insufficient R&D, information and training negatively affects RE and REU fields development and the

efficiency of incentive measures 49
4. Insufficient means and economic incentives to reach significant results 49
5. ODA experience is promising but FDIs are little attracted 50
BIBLIOGRAPHIE 51

6-3



TABLE DES ILLUSTRATIONS

Table 1 - Policies, legal and institutional support to RE and RUE in the SEMC.........ccccocoiiviiiiiniiciniiiiiccccicns 10
Table 2 - Part Share of renewable energy in the total primary energy supply
Table 3 - Renewable energy installed capacity in 2006 (I MW) ...
Table 4 : Financial support mechanism to RE and RUE in the SEMC ...

Table 5 - Examples of synergy between adaptation measures and mitigation one in the energy sector of the
MEAITEITANEAN ..ottt 45

Graph 1 — Total energy intensity in the Mediterranean and Mediterranean Strategy for Sustainable Development
ODJECHIVE .ottt bbb 16

Graph 2 — Energy efficiency in the industry in a few SEMC (Toe consumed per USD of value added in the
INAUSTEY) TOISTT00 ..o 17

Graph 3 — Efficiency of electricity transportation and distribution (% of electricity production 108s) ......ccoevevvieicireuienee 18
Graph 4 — Energy efficiency in the residential sector (consumption of the residential sector, in tep per inhabitant)......... 19
Graph 5 — RE share in the total primary energy consumption (%) ...
Graph 6 - Renewable energy installed capacity in 2006 (in MW per inahbitant) .....cccovievieiiiiniciicecieenens
Graph 7 — Production capacity in wind energy in 2005, MW .......ccccviviimiiiiiiiiiecseiessssssese s sesssseses
Graph 8 — Solar water heater in a few mediterranean countries: 1000 of m2 installed in 2005.........cccceuviviniciriiiinininnenne
Graph 9 — Solar photovoltaic capacity in 2005 (IMW) ....coiiiiiiiiiiiii e ss
Graph 10 - Share by area of activity of the the installelled solar photovoltaic capacity in Egypt, 2006

Graph 11 — Solar water heater market in TUNISIA ..o

Graph 12 — Installed wind power plants capacity present and planned until 2010 distributed according to
cooperating CoUNtries I EEGYPt. . i 42

Box 1 - Towards a power interconnections loop in the Mediterranean basin: An opportunity for renewable

energies deployment in the FEGION ..ot 27
Box 2 - MED CLEAN: Practical cases of the Regional Activities Centte for Clean Production/ Meditetranean
ACHON PIAN/ UNEDP ..ottt v sttt ettt et et sssess st et etes st sesesssessaessatasasesasssssesssesssssesesssstsnnen 35

6-4



PART 2 MITIGATION OF CLIMATE CHANGE: TOWARD A LOW CARBON ENERGY SECTOR
CHAPTER 6 Renewable energy and rational energy use in the South and East Mediterranean countries: current
situation and outlook

KEY MESSAGES

Thanks to their geographical location in one of the world sunniest place, many windy sites and considerable geothermal
resources, Mediterranean countries from the South and East (SEMC) have huge potential for renewable energy.
Additionally, estimates of potential energy saving is about 40%, which allow enormous progress in energy efficiency.

In order to use this potential, the 21 Mediterranean countries and territories adopted, late in 2005, the Mediterranean
Strategy for Sustainable Development (MSSD) which, while being non binding, proposes guidance, actions and objectives
in matter of RE and REU.

In the SEMCs, the analysis of recent trends compared with MSSD objectives reveals that, with very few exceptions,
concrete implementation of RE is steadily increasing in scope, but that it remains limited. The share of RE in the primary
energy supply was 2,5% in 2000 and reach 2,8% in 2006. This trend is not compatible with the MSSD objective of 7% by
2015. Energy intensity of the whole basin improved by 0,3% per year between 1992 and 2003, which is far from objectives
of 1 to 2% improvement suggested by the MSSD. Besides, the use of REU potentials seems to be “neglected” by
comparison with RES development.

Energy demand management options are then underexploited. Yet, the several projects implemented and the
experiences of a few countries (Tunisia, Morocco, Egypt and Israel, for instance), reveal that RE and REU are credible,
appropriate and advantageous. Thus, what is at stake today is to undertake a large-scale generalization of these
experiences and to create a Mediterranean RE and REU market.

Significant progress has been reported in almost all SEMCs in the implementation of an institutional framework necessary
for the development of a real energy efficiency market. However, the progress made remains often incomplete, scarcely
visible and, sometimes, instable. Yet, as attested by the experience of the more advanced countries (Tunisia, for
instance), the simultaneous presence of these three factors is decisive.

Two of the major weaknesses of the institutional and legal frameworks are in the SEMC are:

e The issue of the financial and administrative terms of connection to the power distribution network for independent
RE producers, and

e The lack of institutional coordination or the absence of an institution in charge of energy efficiency.

The under-utilisation of the REU potential in the SEMCs also seems to result partly from a lack of information and of
visibility concerning possible economic and financial gains. Besides, the exploitation of this potential is still hampered by
economic impediments: subsidies to fossil fuel which results in relatively low final consumption prices, little efficiency of
economic and financial incentives provided for RE and REU. The countries that have established incentives are facing, on
the one hand, funding difficulties and, on the other hand, little efficiency due to incomplete/not implemented/non
enforceable institutional and legal frameworks.

Within this perspective, the building/ residential/ tertiary sector emerges as a key sector, as it already accounts for
about 40% of SEMCs energy consumption and, in view of the expected demographic growth and urban development, it
may be a significant contributor to future CO2 emissions increases.

The solar sector is an opportunity for the future in the region since it can be integrated in buildings and in urban
development which is presently and for coming years booming in the SEMC. The development of this sector is also an
industrial opportunity for the SEMC. It could increase co-benefit in term of employment and development (industry and
services) already proven, particularly in countries where adapted professionals trainings are set up (Tunisia, Morocco). To
become reality, the large scale development of energy demand management needs technology transfers and know how
(training) in RE and RUE from the Northern rim to the Southern one.

The climate/energy package of the EU could become a positive driver in the future for the SEMC if it exists an
institutional and legal framework compatible with the one of the EU.

The Official Development Assistance (ODA) funds have participated to the promotion of RE and REU in the SEMCs and can
have important leverage effects on private national invesment. Today, private international investment funds are
available and the Clean Development Mechanism (CDM) plays a role of incentive, but SEMCs are lacking a sufficiently
important number of project iniator — and attractive environment for foreign direct investment

To finalise the construction of a complete and effective legal framework in the SEMC and allow a convergence of RE/RUE
policies of the Mediterranean basin countries will be a determinant factor. If it succeeds, it could become realistic that
the SEMC control there increase of CO2 emissions in one hand, and help the EU to achieve its objectives in term of
climate and energy in the other hand, thanks to the exchange of green and sustainable energy produced in solar plant.
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INTRODUCTION

Main issues and context

The energy supply, production, distribution and consumption system in the Mediterranean is
characterized by: (i) its vulnerability, notably related to prices and supply; (i) the inequality of natural
provision, access and consumption of energy among the countries; and (iii) the damage—irreversible
sometimes—which it causes to the environment and to human health. Such an energy development
pattern shows its limits and its incompatibility with sustainable development objectives. It
increasingly contributes, in particular, to global warming and highlights a certain vulnerability vis-a-
vis the new regional climate context.

In spite of different situations and priorities, the Mediterranean countries have all room for
manoeuvre to enhance rational energy use (REU). Besides, it is now generally admitted that
renewable energies (RE) and energy efficiency are two factors that will play a significant role in
addressing the need to secure energy supply, to avoid an aggravation of the impacts on the local
environment (air pollution) and global environment (greenhouse gas (GHG) emissions), to gain in
competitiveness, as well as to improve individual well-being in an increasingly free, open and
competitive Mediterranean market and in an increasingly volatile and uncertain international energy
context. It is in this context that the 21 Mediterranean countries and territories adopted in
November 2005 the Mediterranean Strategy for Sustainable Development (MSSD), of which a
Chapter is dedicated to energy issues.

Objectives
This chapter aims to present the national policies and actions implemented in order to promote RE
and REU, the barriers to their development and the solutions to be undertaken in order to

overcome them. The analysis refers systematically to the objectives and guidance set out in the
"Energy" chapter of the MSSD.

While the Mediterranean basin constitutes the framework of this study, the latter is, above all,
focused on the Southern and Eastern Mediterranean Countries (SEMCs) which group Algeria,
Egypt, Israel, Lebanon, Libya, Morocco, the Palestinian Territories, Syria, Tunisia and Turkey.1 It
also includes information onjordan.2

Information sources

This chapter is based, above all, upon a set of documents produced within the framework of the
cooperation programme on the MSSD/energy monitoring,, coordinated and facilitated by Plan Bleu
in 2006-2007. It refers to the national studies (in particular on Egypt, Israel, Libya, Morocco, Syria,
Tunisia and Turkey), as well as the regional studies which were produced within the framework of
this programme and discussed during a final workshop organized by Plan Bleu in March 2007 in
Monaco.® The tigures used are derived from these studies, as well as from international data bases
(mainly the International Energy Agency (IEA), the World Bank (WB) and the World Resource
Institute (WRI)). Additional information has been collected from documents of the Mediterranean

' Other Mediterranean countries are grouped under the denomination of Northern Mediterranean Countries (NMC) and include: Bosnia-
Herzegovina, Cyprus, Croatia, Spain, France, Italia, Greece, Malta, Monaco, and Slovenia.

2 Jordan is not bordering the Mediterranean Sea, hence non signatory of the Mediterranean Strategy for Sustainable Development, but is part of
the euro-mediterranean partnership.

3 All documents available at : www.planbleu.org
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