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As regards the evolution of the health of the wooded areas, it is more difficult to make forecasts. 
The plants, subjected to more prolonged heat and water stress will certainly have lower resistance to 
attacks by diseases and pests. It may be held that, on the whole, pathogenic fungi will be rather 
disadvantaged by drought, while certain devastating insects will be advantaged by the rise in 
temperatures. For instance, there has currently been observed in France a northward spread of 
attacks by pine processionary caterpillars, as winter cold is one of their main limiting factors. 

2.2.4. Impacts on the soil 

Concerning the storage of carbon in the soils, the situation is complex to analyse. Heat (except when 
it becomes really excessive) increases the respiration and activity of living organisms, hence, in 
particular, those of soil micro-flora and micro-fauna. Their action of decomposing soil organic 
matter, and of processing the stored carbon into CO2, will therefore be accelerated by it. But also 
water is needed so that this activity could be significant. The increase in drought thus compensates 
partially that of heat. A precise analysis would require comparing the foreseeable evolutions of 
temperature and rainfall curves with the body of knowledge available on the eco-physiology of the 
main elements of this micro-flora and of this micro-fauna. It appears, nevertheless, quite likely that 
the general trend will be towards de-stocking. All the more so as the fires, whose risk will increase, 
can periodically destroy the organic matter of the uppermost soil layers.  

It is also probable that the sensitivity of the soils to erosion and desertification will increase, owing 
to lesser plant cover and lesser organic matter content of the soil. Erosion and desertification will 
also increase if extreme events increase: violent winds—as factors of wind erosion and 
sandstorms—, or rare but torrential rains—as factors of water erosion. These processes have, 
themselves, harmful impacts from an energy point of view: loss of soil fertility, and silting of dam 
reservoirs. 

2.3. Risks for biodiversity 

Each species has a certain intra-specific genetic biodiversity; also, within each species, each stand, 
present on a given site, has its own genetic diversity. Climate change will exert a strong "selection 
pressure" on the species and their stands. 

2.3.1. On-site adaptation ? 

It is probable that certain species will be able to draw upon their genetic diversity to adapt, and that 
their stands will be able to evolve on site and cope in spite of harder climatic conditions. It is quite 
probable, as well, that some other species, or stands, will not manage, because the extent of the 
changes will exceed that of their genetic adaptation capacities. They will have thus to move via the 
dissemination of seed or propagates, or disappear. But, in the absence of precise genetic knowledge 
on the overwhelming majority of species, it is quite difficult to predict today which will be in either 
of these situations. 

2.3.2. or displacement of distribution areas ? 

Notwithstanding these possibilities of on-site evolution of certain species, it is quite probable that 
there will be observed, in the course of the century, significant displacements of the geographical 
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areas of most of them. Indeed, each of the species will appreciably maintain the same bio-climatic 
requirements (rainfall and temperature).   

On the other hand, the bio-climatic features of a given geographical site will evolve according to the 
decreases in average rainfall and the increases in average minimum temperatures of the coldest 
month: certain humid places will become sub-humid; certain sub-humid places will become semi-
arid, etc. Likewise, certain cold places will become cool; certain cool places will become temperate, 
etc.  

To remain under the same bio-climatic conditions, plants will thus have to shift geographical area by 
dissemination of seed. In certain cases, this will be relatively easy: for instance, it would be enough 
easy to ascend a few hundred metres up a slope to find the same climatic conditions, or to shift 
from a southern slope to a nearby northern slope, or from a dry slope to a better watered slope. In 
other cases, it will be more difficult: plain or plateau along which it would be necessary to migrate 
several hundred kilometres to find analogous conditions. In some case it will be impossible at all: 
close to a mountain top or a sea shore.  

Topographic constraints are, thus, decisive as to the possibilities of migration of the species. 
However, it is obvious that man can aggravate them, particularly by splitting up the ecosystems into 
separated small islets, or by creating broad manmade cuts. But man can also help towards easing 
such constraints by transport of seeds or seedlings, either intentionally or accidentally. Besides, man 
can create "biological corridors" facilitating natural progression of the species.  

Vis-à-vis the need to migrate, plants stand unequal chances, according to their propagation and 
dissemination pattern. Annual plants and perennial plants which reproduce at a very young age will 
be advantaged by comparison with those which reproduce at an advanced age: the stands of the 
former can thus migrate at a much quicker "pace" than those of the latter. But, above all, it is the 
plants whose seed can be disseminated over a long distance by wind, birds or mammals will be 
largely advantaged compared with those which are disseminated only in the vicinity of seed-bearer 
ones. It may thus be held that that stands of pioneer plants and, to a lesser extent, of post-pioneer 
plants, will not find it too much difficult to migrate to follow the displacing of their favourite bio-
geographic areas. Conversely, stands of maturity plants (dryads) will encounter much more difficulty, 
and it is likely that entire stands will simply disappear. The case will be particularly serious for 
endemic dryads whose stands are very localised: disappearances of species are then probable.  

In short, the situation will be likely as follows: adaptation on site of certain species, a shift higher in 
altitude and northward of most of pioneer and post-pioneer species, and disappearance of maturity 
endemic species. 

2.4. Cumulative impacts of human and climate pressures 

Over millennia, Mediterranean wooded areas have often undergone very strong anthropogenic 
stresses: over-exploitation of firewood, very intensive pasture, temporary cultivation of marginal 
land. These stresses have induced two types of evolution:  

• irreversible impacts, or at least reversible on the very long term (in the order of  centuries, if  not 
millennia), due to erosion and loss of  soil loose layers. Plato already deplored erosion in ancient 
Greece.  

• reversible impacts in the medium and long term (in the order of  a few decades) inducing a 
degradation of  forests in a process of  "matorralisation" (change into maquis, scrubland or more 
or less wooded moors) and of  "storey lowering".   
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Thus, the naturalists of the early 20th century (the term ecologist was not common then) were 
describing the Lower Provence and the Languedoc “Garrigues” as the typical Holm Oak area. 
However, in these areas, there may be observed, over several decades now, a general trend toward 
the return of the pubescent Oak, which had been considered by these same naturalists as climacic in 
the wetter medium mountains of Upper Provence and Upper Languedoc. This return is now 
thought to be due to a reduction in the very high anthropogenic pressures of the 19th and early 20th 
century. Repeated cutting of coppices to produce firewood, as well as forest pasture, largely 
advantaged the Holm Oak at the expense of the pubescent Oak, even though the latter was well 
adapted to the bio-climatic conditions.   

This is but one example, but it is quite typical and can be easily generalised. The stresses caused by 
climate change and the stresses caused by an intense anthropogenic pressure have similar impacts: 
on the one hand, impacts of alteration of plant formations—generally reversible in the medium term 
owing to the good resilience of the Mediterranean flora; on the other hand, quasi-irreversible 
impacts due to erosion.  

The main conclusion to derive from this is that climate pressures and anthropogenic pressures add 
to each other. The Mediterranean ecosystems prove, on the whole, to have good resilience, but the 
latter has its limits, which unfortunately we know little about. If the pressures accumulate, the limits 
of resilience may be exceeded, and irreversible evolutions may be brought on.   

One of the best ways of combating the adverse impacts of climate change is, besides the Kyoto 
Protocol, that of preventing these cumulative effects and, hence, of reducing anthropogenic 
pressures.  

In the Northern Mediterranean Countries (NMCs), this reduction of the pressures has been carried 
out de facto, over a more or less long time, via the modernisation of agriculture and the rural way of 
life: intensive exploitation of firewood, forest pasture, and temporary harrowing have all very largely 
disappeared; the forest quite significantly benefited from it to spontaneously develop again, 
increasing in all these countries in terms both of area and of stumpage. The main threats now are 
fires and the clearings connected with a not always properly controlled urbanization and, hence, 
inducing great area wastage (houses, tourism facilities, transport infrastructures…). 

In these countries, it is however advisable to remain quite vigilant: prevention and control of fires, 
whose risk is set to increase; proper land planning; balanced management of still exploited resources; 
and, of course, prudent energy use of natural vegetation biomass. One should not, under pretext of 
intensive utilisation of an existing biomass, exert new excessively high pressures which would 
aggravate those of the climate, even though a certain reopening up of the spaces can be favourable, 
particularly in terms of biodiversity.   

Prudent management of the forests and wooded areas of European countries is thus more than ever 
a necessity. To be really efficient, it must involve all the stakeholders of an area (owners, elected 
representatives, users, NGOs, economic stakeholders) within a good governance framework. Many 
proven experiences exist in European Union countries.  

In the Southern and Eastern Mediterranean Countries (SEMCs), the situation is more difficult. 
Modernisation of agricultural production is, admittedly, in progress, but agriculture is still markedly 
dual there, with very poor subsistence farming sectors. And, unfortunately, the wooded areas are 
part of the latter. The struggle for the conservation of wooded areas, just like the fight against 
erosion and desertification, is there, first and foremost, a struggle against rural poverty and requires 
sustainable rural development actions integrating not only the modernisation of farming and 
pastoral practices, but also education, health care, infrastructures, and the development of secondary 
and tertiary economic activities. The governments and the administrations of these countries are, on 
the whole, quite aware of this imperative need. But much remains to be done, and difficulties of 
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implementation are considerable. The works in progress by CIHEAM and Plan Bleu on sustainable 
rural development—which integrate pastoral and forestry aspects—and the implementation of the 
Mediterranean Strategy for Sustainable Development (MSSD) account for it.  
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II. CONTRIBUTIONS TO COMBATING CLIMATE CHANGE 

1. Carbon accumulation by natural wooded areas 

Mediterranean forests and wooded areas are not highly-active carbon sinks, and this owing to the 
fact that their primary productivity is fairly low, their soils contain relatively little organic matter, and 
they are subject to fire hazards.  

Nonetheless, at present, these sinks function rather well in the countries of the northern rim 
(NMCs), as the wooded areas increase, as well as the volumes to the hectare of standing timber.  

Let us attempt a very rough calculation :  

The whole of these countries (Spain, France, Italy, the Balkans, Greece) have 50 million hectares of 
forests. But, if one were to consider only the “really” Mediterranean forests, one would eliminate a 
large part of France and of the Balkans, as well as the north of Spain, of Italy and of Greece. Thus, 
there would remain 20 to 25 million ha of really Mediterranean forests. To these, there should be 
added 20 million ha of other woodlands which, themselves, are almost all really Mediterranean. Let 
us assume that, currently, timber on the stump storage represents on average about 500 kilos of 
carbon per hectare and per year in the forests, and about a hundred in the other woodlands. This 
would yield an order of magnitude in the range of 10 to 15 million tons of carbon stored per year.  

The large Eastern forest country, Turkey, has 10 million ha of forests and 10 million other 
woodlands. Forest areas are on the increase there, and probably stumpage, too, even though less 
rapidly than in Europe.  

The Maghreb has 6 million ha of forests, and 4 million other woodlands. The forest areas seem to 
be stabilised. On the other hand, the volumes are probably on the decrease, particularly in Morocco, 
which would induce a certain de-stocking, though undoubtedly compensated, for the major part, by 
storage in the north.  

As for the other countries, they are too small or too little wooded to strongly influence the overall 
balance.     

For the Basin as a whole, the order of magnitude of carbon storage by the Mediterranean forests 
and other wooded areas, thus, remains about 10 to 15 million tons per year.  This figure must, 
obviously, be considered with great caution.  

Should the climatic conditions remain identical, this storage—modest though it may be, but  
nevertheless appreciable—could continue to accumulate over many decades, as Mediterranean 
forests are very far from having reached their maximum stumpage. The additional volume annually 
stored on stump could even grow for several reasons:  

• In the north, the forests are back to a better biological state after centuries of  agro-sylvo-pastoral 
overexploitation. Their capacity to produce more wood, accordingly, increases. This is quite 
visible when one compares the growth data of  the French national forestry conducted at 
decennial intervals;  

• Much of  other wooded areas (matorrals, scrubland, maquis) spontaneously convert into forests 
and, hence, develop their capacity to store carbon;  

• In the south, the efforts for rural poverty reduction and for development should lead, inter alia, 
to a fall of  anthropogenic pressure on the forests and, hence, an increase in their storage capacity.  
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But, these promising prospects may be called into question by the aggravation of the climate, which 
will slow down the forests growth potential. All in all, one may assume that, for some time still 
(some twenty years or so?), the annual storage capacity of Mediterranean wooded areas will continue 
to grow, then it will probably stabilise and regress. But at which pace and to what extent? The 
answer depends obviously on the effectiveness of combating GHGs, but also on many unknown 
factors on the resilience of the forests and their capacity of response to climate change. 

2. The fire issue 

Fires periodically come to jeopardise the sustainability of the carbon stock made up by the forests. 
For a better grasp over this aspect, let us try to estimate not precise figures, but  orders of magnitude 
of the quantities of carbon de-stocked during a fire.  

When a fire comes to pass, there only burn the leaves, small branches, twigs, litter and the surface 
parts of the trunks and of the large and medium branches. The quantity of carbon released depends 
on the intensity of the fire, its speed, and the nature of the vegetation. Let us say that the order of 
magnitude could be in the range of 1 to 10 tons of carbon per burnt hectare released in the 
atmosphere.  

In the aftermath of a fire, there remain standing the trunks, as well as the large and medium 
branches, which represent the major part of the biomass.9 Certain trees can survive: those with a 
very thick bark (cork oaks ) or those incompletely burned. Those that die fall on the ground only a 
few years after the fire; then, their biomass continues to decompose on the ground, under the effect 
of wood insects and, especially, of decay fungi. This process can take a few ten years, during which 
carbon is gradually released. Decay is accelerated by heat and moisture. In the soil, part of the 
stumps and dead roots also decompose and release their carbon; another part may, however, end up 
incorporated into the organic matter of the soil. Finally, certain stumps remain alive and give rise to 
shoots. The total quantity of carbon de-stocked during this slow process of decomposition is quite 
variable, and depends on the biomass of the stand that has burned. It can range from a few tons to 
the hectare, for a not very dense matorral, to over a hundred for a high forest. Fortunately, among 
the areas burned, those of matorral are generally much wider than those of high forest.  

After a fire, several issues come to the fore. There is, initially, that of reforestation. In most cases, 
under the climatic conditions of the 20th century, reforesting was not necessary: nature 
spontaneously restored an ecosystem similar to that which had burned; therein, precisely, lies 
resilience. But once climate has changed, it will perhaps be, more often than in the past, necessary to 
reforest with species better adapted to aridity, as the limits of resilience of the burnt stand will have 
been exceeded.  

Another question is: after the fire, would it be advisable to recover the biomass of the burned trees,  
instead of letting it decompose on the stump? The answer to this question must be qualified. From a 
carbon balance point of view, this seems to be desirable, when this biomass is sufficiently significant. 
But it should not be forgotten that economic efficiency is the third pillar of sustainable 
development: it is necessary, therefore, that this biomass should be valuable and that its operation 
costs (manpower, transport…) are not too high. From an ecological point of view, it is generally 
recommended to cut back (close to the ground) the trees likely to stump shoots (oak coppices, more 
                                                      
9 This pattern is that of Mediterranean forest fires, where the fire face passes very quickly, within a few minutes, driven by often violent wind. It 
thus has time to burn only fine or surface elements. In the northern forests, the process is generally quite different: the fire face advances very 
slowly and burns a much larger portion of tree biomass; if, in addition, the soil is made up of a thick layer of dried peat, the carbon mass 
released can be very large.  
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especially). But it is also advisable to leave on stump any damaged or even dead conifers which still 
carry seed (pine cones in particular). These trees can also provide relative shelter to seedlings.    

In the countries of the northern rim (NMCs), fires have so far been under control, enough for 
forestry areas and stumpage to increase. This control is obtained thanks to a considerable and fairly 
expensive fire prevention and fighting mechanism: maintenance and preventive equipment of 
certain wooded areas, increasingly professionally qualified firemen, modern and high-performance 
land means (specialized vehicles) and air means (fire-fighting helicopters and planes). However, risk 
does increase with climate change, and this has been confirmed over the last few years by very vast 
fires, connected with heat wave episodes. To sustain the pace of carbon storage, it will be certainly 
necessary to intensify prevention and control, and, hence, increase their cost.  

In the countries of the southern and eastern rim (SEMCs),  fire was not, until recently, a major 
problem, as the underwood was kept "clean", i.e. well cleared of brushwood, by very intensive 
animal pasture. But the modernization of farming and of stockbreeding is reducing this beneficial 
effect. It is very difficult to strike proper balance between too much pasture, which causes 
degradation of plant cover and erosion, and not enough pasture, which increases brushwood 
proliferation and fire hazards. These countries are thus set to be faced with a difficult problem: 
proper management of fire prevention based on stockbreeding so as not to have to purchase quite 
costly modern fire-fighting means in large quantity.  

3. Traditional or enhanced energy uses of forestry biomass  

3.1. Traditional uses 

Over millennia, wood has made up the main source of energy used by Mediterranean societies, not 
only for domestic use (heating, cooking) and for urban use (thermal baths, hammams), but also for 
crafts and pre-industrial uses (brick/ tile/ pottery firing, manufacture and melting of glass, 
metallurgy of copper/ iron/ lead and other metals…). To obtain the high temperatures often 
necessary (glass, metals), charcoal was used, and not wood directly. Produced in forest, charcoal has, 
moreover, the advantage of being much lighter than wood and, hence, easier to transport, for 
instance to supply cities that are remote from the forest.  

These uses have too often led to an overexploitation of the forests, i.e. a non sustainable 
exploitation where annual wood abstractions were higher than biological increase. This 
overexploitation, coupled with overgrazing and temporary cultivation, has—in various areas and at 
various times—caused the degradation of the plant cover and of the soil, as well as the decline of the 
activities which rested on them. Forestry history is a long succession of conflicts between holders of 
property rights, often abusive users with disputed rights, and public authorities seeking more or less 
successfully to arbitrate; which conflicts being often contained on political and legal level, but 
aggravating at times and degenerating into violence.  

During the 19th and 20th centuries, such energies as coal, oil, natural gas, or electricity came to be 
substituted to the majority of these pre-industrial uses of wood and charcoal. In the countries of the 
northern rim (NMCs), domestic uses of fuel wood endured longer, especially in the countryside, but 
they very strongly regressed in the second half of the 20th century, before experiencing a certain 
revival for a few years now. By contrast, the use of fuel wood is still quite significant in the countries 
of the southern and eastern rim (SEMCs), where it continues to put at risk the sustainability of some 
forests.  



PART 3 Vulnerability and Adaptation of the energy sector
CHAPTER 9 WOODED LANDS, CLIMATE CHANGE AND ENERGY IN THE MEDITERRANEAN
 

  9-23
 

This difference between north and south is due to a difference of incomes, or, more precisely, a 
difference of labour opportunity cost. Felling wood in the forest, cutting it into logs, handling and 
transporting it require great work. The low price of alternative energy sources and the high level of 
wage costs were such that, in the countries of the northern rim, it was no longer economically 
profitable to pay workmen to do this job. There continued to cut wood in the forest only those 
people who had a little costly labour capacity (farmers  without another more profitable activity in 
off-season, often cutting wood for their subsistence), or who had access to a "niche" market 
optimising the product above its mere energy value (fire lighting in the chimneys of second homes).  

Conversely, in the countries of the southern and eastern rims, the necessary work is quite as hard, 
but latent unemployment in poor countryside, and the ensuing low opportunity cost of the work, are 
such that there still exist many people in rural areas who are willing to cut wood in the forest, 
sometimes even illicitly. 

3.2. What prospects for platelets ? 

If one observes today a certain recovery in the countries of the northern rim, it is due to the rise in 
the prices of fossil energies and, more still, to awareness of the need to reduce GHG emissions. 
However, interventions by the public authorities often prove to be necessary (subsidies for wood-
fired boilers). In any case, it does not seem that "traditional" log cutting would allow a significant 
resumption of the use of fuel-wood. If this were to occur, it would be based on fully mechanized 
methods, after processing the wood into platelets delivered by trucks to boilers installations, the 
latter being themselves fully automated. These platelets will often be manufactured by chopper 
machines, tractor-drawn or motorized, circulating in the forest, collecting either exploitation 
remnants (rare in Mediterranean forests), or small or medium-sized whole trees (coppice cuts, fire-
wall brushwood clearance).   

It is worth considering, on the one hand, the economic viability of such a fully mechanized sector 
and, on the other hand, its ecological impacts.  

Currently, the cost of a platelet delivered to the user is estimated in France, by ITEBE, as between 
31 and 85 € ton,10 hence a cost per kilowatt-hour of about 1.5 to 2 cents of a euro per ton. This cost 
is thus competitive, it being of the same order as that of the main alternative fuels (industrial coal, 
industrial heavy fuel, natural gas).  

Platelets obtained from Mediterranean wood, being drier and dense, have a rather high thermal 
value. But collection conditions are frequently difficult  (little dense stands, often sloping and rocky 
grounds giving rise to difficult working conditions to both personnel and equipment, distant access 
roads), and, hence, collection cost may then rise rapidly. If the sector develops, it is probable that 
these costs will drop (better professional qualification of the personnel, optimisation of the 
equipment, organisation of timber yards …), though it is likely that the platelet produced in 
Mediterranean natural forest will continue to have an average production cost higher than in other 
regions.   

On the ecological level, it may be considered that this consists in a renewal of coppice cuts, but with 
a modern technology. At constant climate, there would be undoubtedly no major problem, subject 
to the work being based on proper forestry land use plans, observing minimum rotation time-
                                                      
10 Two modes of supply may be distinguished:  
 - in direct flow, wood is processed into platelets in the forest, then directly conveyed to the user. The costs are lower, but the platelets are 
still wet and have a thermal value in the range of 2200 to 2800 kWh per ton;  
 - with intermediate storage: the wood is stored to dry, before or after shredding into platelets. The costs are higher, but the thermal value, 
too: 3300 to 3900 kWh per ton.  
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periods (20 or 25 years at least), and carefully avoiding erosion risks (particularly by access roads). It 
would be observed, no doubt, that easy stump shoot species (Holm Oak, especially) would again be 
much advantaged: there would thus be a certain move backwards with respect to the evolution of 
the past few years. But we are not any more at constant climate. Synergy between the pressures due 
to the climate and those due to cutting could foster the regression of the stands to ecosystems that 
are more adapted to aridity, but less productive. A precise monitoring of these ecological evolutions 
would need be to established.  

With regard to the carbon balance, recourse to forest biomass helps avoid the burning of fossil fuels. 
But maintaining an increasing carbon stock on the stump also has advantages: the optimisation of 
such contradictory advantages depends much on the assumptions made as to the evolution, over the 
coming decades, of the opportunity cost of a ton of carbon stored: if this cost decreases, one may 
find it more beneficial to rapidly consume the stocks. But if it increases, one would be better advised 
to preserve over the longest time possible the stock on the stump. Calculations are complex, and 
they depend on global energy scenarios.  

Besides, on social and political level, there may be a concern that large-area timber yards would give 
rise to vigorous opposition in the residential or touristical areas.  

On the whole, the use of Mediterranean forest platelets as fuel is an economically viable solution 
provided that the harvesting not too difficult and that its cost remains fairly low. It can only be done 
by observing the conditions of rigorous forestry land use plans ensuring yield sustainability. It 
should not be undertaken if it involves notable risks of erosion or loss of biodiversity.   

However, so that the cost of use of platelets be competitive, it is necessary that the price of the 
standing timber paid to the owner be also as low as possible: this is not quite incentive, and is likely 
to limit the mobilisation of wood. It is, therefore, possible to consider that, in practice, this 
technology will develop in the following cases:  

• a certain number of  rural owners get equipped with small boilers and will call upon small 
choppers on their forest plots which will manufacture platelets for their own-use and, possibly, to 
be passed on to their neighbours and acquaintances. The advantages of  the mechanisation and of  
the automation of  the boiler will play a major role;  

• forest municipalities will equip some of  their public buildings with boilers supplied with platelets 
produced in their municipal forests, either by workers under control of  the green spaces service, 
or by contract with enterprises that are generally small-sized and local;  

• a large-scale industrial sector would probably develop only if  the cost of  alternative energies were 
to increase significantly.   

A particular case proper to the Mediterranean region is that of optimising the biomass crushed 
during brushwood clearance operations for purposes of fuel reduction and protection against fire 
(alongside roads and tracks, strategic fuel cuts, safety arrangements in the vicinity of buildings and 
other sensitive spots): it is perfectly advisable to turn this biomass into energy, if this allows 
reduction of the cost of brushwood clearance which, in general, remains high. Moreover, if it were 
to be left on the spot, this biomass would release its carbon as it decomposes: accordingly its use as 
fuel would amount to carbon saving. In fact, in the case of brushwood clearance, the relevant logic 
is that of optimisation of waste.  

As for the use of the biomass generated by the wood sector industry wastes, its advantages are the 
same in the Mediterranean region as in other regions, and it is not likely to meet with any particular 
difficulties there. The only problem is that the quantities available are relatively low: preliminary 
processing industries (paper pulp, sawn wood) are little developed around the Mediterranean, and 
this, for various reasons (the resource is very heterogeneous, not very abundant, difficult to mobilise 
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and exploit; absence of historical traditions); secondary processing industries are developed locally 
(furniture industry in Italy…), but produce less waste.   

3.3. Combating overexploitation in the south 

All this relates to the European countries. In the countries of the southern rim, particularly in the 
Maghreb, the issue is completely different. Very poor rural populations still often exert, there, a very 
strong pressure of firewood gathering, notably in the Maghreb, hence a degradation of the plant 
cover and increase of erosion. The responses provided are of several types:  

• Repression of  "felling offences" by the local forestry services. This classical solution did not 
always help achieve the results expected, and it leads sometimes to violent conflicts. The political 
disadvantages are obvious. Moreover, the image of  forest guards as "green policemen" does not 
quite match the role of  sustainable rural development agents that the new forestry policies seek, 
quite justifiably, to confer upon them;  

• Plantation of  fast-growing species, particularly eucalyptus, in the vicinity of  consumption zones, 
to ease the pressure on natural forests. Thus, Moroccan foresters often say that the eucalypti have 
saved the forest of  Mamora, natural cork oak forest located north of  Rabat. But this is only 
possible on favourable soils that are enough supplied in water;  

• Substitution of  wood, for domestic use, by fossil energies: butane, propane, fuel. This policy is 
put into question by the current evolutions, especially in non oil-producing countries;  

• Replacement of  traditional open hearths (which recover not more than about 10% of  the 
potential energy) by satisfactory energy efficiency devices: for instance, in Moroccan mountains, 
by sheet metal stoves, which help at the same time to heat the room where they are found, to 
cook food, and to have a hot water reserve. The models promoted are sufficiently simple to be 
repaired, or even built by local craftsmen. As for urban hammams, more energy efficient boiler 
models have also been developed. The development of  solar energy also has a role to play in 
countries where sunshine is quite favourable. 

4. Towards the production of new forest bio-energies ? 

4.1. Which bio-energies ? 

What has just been analysed relates to classical uses (direct wood or charcoal combustion) of matter 
collected either from natural forests (particularly oak coppices), or from reforestations based on 
species traditionally present in the Mediterranean (above all, various species of pine, and some other 
conifers). It is worth considering now other uses (bio-fuels, wood chemistry) or other production 
methods (fast-growing species).  

Back in the Second World War already, to compensate the lack of oil products in Germany and in 
the occupied countries, substitutes had been developed: 

• Certain private or transportation vehicles had been equipped with "gas generators". These 
devices, mounted on the rear of  the vehicles, processed via pyrolysis of  the small wood sticks 
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into fuel gas in the engines, based on some adjustment in their supply. The energy output was 
low, and the engines were quickly clogged, but that helped moving on;  

• On the industrial level, the processing of  coal into liquid fuels, particularly for military vehicles, 
tanks and aircraft, had been largely prompted, based on carbon hydrogenation reaction (Fischer-
Tropsch synthesis). The same type of  synthesis is also possible based on wood or on charcoal.  

The "bio-fuels” or, rather, first generation “agro-fuels” used today, have several origins:  

• cereal starch processed into ethanol, usable in petrol engines;  

• beet or cane sugar, also processed into ethanol;  

• vegetable oils, processed into diester, usable in diesel engines.  

The forest stands are not yet fit to provide such products. On the contrary, they are liable to 
significantly suffer from their development. Thus, there have been observed in Indonesia and in 
Malaysia massive deforestation of the wet tropical forest to establish plantations of oil palm trees 
intended for "bio-diesel", and massive deforestation of the dry tropical forest of the "Cerrado", in 
Brazil, to produce sugar cane for ethanol. However, Mediterranean wooded areas seem little 
threatened by such clearings, owing to the little productive potential of most of the soils which they 
cover.   

These first generation fuels, issuing from cultivated food plants, are increasingly subject to debate, 
and it is likely that, in the medium term, the main trend would be towards the production of second 
generation bio-fuels, using the woody-cellulose matter of the whole plants, and not just their 
nutritive part (starch, sugar or oil). Two major processes are possible:  

• processing into sugars of  the whole plant by cellulose hydrolysis, then by processing of  these 
sugars into ethanol;  

• processing the whole plant into oil type products, by "Fischer-Tropsch" hydrogenation of  the 
contained carbon.  

Forest plants lend themselves well to these second generation productions. However, for this use, as 
for many other productive uses, Mediterranean natural forests present several deficiencies: relatively 
low productivity, difficult access, often sloping and rocky soil. It looks likely that the sources of 
biomass used will be mainly:  

• on the one hand, the wastes of  the wood sector industries and the "remnants"11 (branches, small 
wood, bark) of  forest cuts;   

• on the other hand, fast-growing plantation species, especially dedicated to the production of  bio-
fuels.   

The relative structural deficiency of forestry utilisation and of preliminary processing industries in 
the Mediterranean region is likely to continue to limit the importance of the resource available in 
terms of remnants and waste. On the other hand, it is worth considering the extent to which fast-
growing plant species are likely to develop on industrial scale. 

                                                      
11 Besides, in the use of remnants, it is necessary to guard against causing loss of fertility of the ecosystems by excessive export of nutrients, as 
the latter are markedly more abundant in the remnants than in the wood; as well as against inducing a loss of biodiversity by too significant a 
reduction in "necro-mass", formed by dead plant elements, as the latter accommodate a flora (fungi, in particular) and a fauna (insects) essential 
to a proper balance of the ecosystems.  
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4.2. Fast-growing plant species ? 

Many species can be envisioned, whether indigenous (poplars, willows, platanus …) or  introduced 
(eucalyptus…); there may also be considered non-arborescent plants (Arundo donax …); they may, 
furthermore, be selected or genetically modified to maximize their cellulose production. The heat of 
the Mediterranean climate is a very favourable factor for high productivity. Rather than forestry 
production, in the classical sense of the term, it will be a form of intensive agriculture, with recourse to 
mechanization for all operations of cultivation, fertilisers, plant health products and, very often, 
irrigation.  

A first limitation is due to the fact that such plantations can only be envisioned on easy to mechanise 
land for purposes of their setting, tending and harvest. On these areas, which are relatively limited 
around the Mediterranean, they will thus be in competition with the other agricultural productions, 
and the choices made by the farmers will depend primarily on the comparison between the incomes 
which they can derive from these various productions and, hence, on the relative demand on the 
various products.  

An even more severe limitation will be related to water availability. To fully develop their productive 
potential, these species will need ample water: a water sheet of about 1500 to 2000 millimetres per 
year. Rainfall is not as ample as this, except in a few rare sectors of the Mediterranean basin (coastal 
mountain zones facing the incoming wet winds). Even in these rare cases, rain does not fall mainly 
during the most favourable seasons. And, almost everywhere, it will undoubtedly be necessary to apply 
at least subsistence irrigation to help these plantations survive without serious, if not mortal, decay 
during the long dry summers.   

However, water is rare in the Mediterranean region; and it will be increasingly so in a context of 
climate change. Its opportunity cost is high and it is set to grow higher. It would, thus, be necessary 
that energy prices should become very high so that it would be convenient to use water to produce 
energy crops. But, in any case, many other areas of the world are fit for the production of such crops 
at lower cost. Therefore, it is quite likely that intensive energy crops will not develop in the 
Mediterranean, except for the rare cases where water would be available in abundance, at low cost, and 
in the absence of more optimal uses.  

Conflicts might, however, arise in places where water provides significant environmental services 
without this resulting in a corresponding commercial value: natural wetlands  consume by 
evapotranspiration a significant water sheet, of the same order of magnitude as that which would be 
consumed by an energy crop. The value produced by these lands is partly economic (fishery products, 
tourist attractiveness…), but also non commercial, to a large extent: environmental services, chief 
among which is the conservation of biodiversity. If energy costs increase, it is likely that a pressure 
would be exerted to cultivate these lands, which might seem to be financially profitable for certain 
economic developers, but would nevertheless incur a loss of overall economic value, both commercial 
and non commercial.   

4.3. And, what about bio-products ? 

Besides energy production, plants can be used as raw material for several chemical substances. Many 
used to be collected and processed over centuries, if not since antiquity, based on traditional 
techniques (resins, gums, perfumes, dyes, tanning products…); some experienced a significant growth 
in production at the beginning of the industrial era: vegetable dyes, products derived from the resin of 
intensively tapped pines, products derived from wood pyrolysis, synthetic materials developed based 
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on cellulose, lignin, tar, charcoal… In the 20th century, for most of these productions there were 
substituted synthetic products derived from coal, oil or natural gas. But if these carbon fossil sources 
become more costly than wood (including the internalisation of their respective ecological costs, in 
particular those related to the carbon cycle), it is quite foreseeable to resume, at least partially, a 
chemistry based on wood.  

The issue concerning the plant resource for chemistry is quite similar to that for energy. The 
Mediterranean region appears to be little favourable: scarcely productive and not easily exploitable 
natural stands; low woody waste potential; intensive plantations in competition with other productions 
not only for land fit for mechanisation, but also, and more especially, for water. Obviously, there 
remain traditional "niche products" in the Mediterranean related to aromatic plants (essential oils) and 
to the large diversity of plants (cosmetic, pharmacology). The quantities are limited, by definition, but 
the value added can be quite high.  

In the construction sector, recourse to wood helps improve the carbon balance in two ways: on the 
one hand, the wood used immobilizes carbon for very long periods; on the other hand, it is 
substituted, at least partly, for cement or for metals whose production emits much carbon dioxide in 
the atmosphere. But, here again, Mediterranean forests are hardly competitive: very heterogeneous 
wood, difficult to collect, difficult to work, or at least poorly suitable for current technologies. 
Currently, wood used in the region is often imported from Scandinavian countries (sawn wood) or 
tropical countries (veneer wood). The recourse to modern products of reconstructed wood can ease 
these difficulties, but there arise again the impediments already emphasized with regard to energy or 
basic chemistry. Moreover, in spite of a few local exceptions, Mediterranean cultures value more 
stone-built houses (rich people’s houses) than wooden houses (poor people’s houses).   

Moreover, wooden houses do not properly insulate against heat (whereas they insulate well against the 
cold) and do not have thermal inertia allowing for optimisation of the natural coolness of 
Mediterranean summer nights or the heat of the winter sunny days.  

On the whole, the Mediterranean region does not appear to be quite favourable for a large-scale 
development of second generation bio-energy or biochemical sectors based on the exploitation of 
intensive woody crops; which by no means excludes the development of local projects based on an 
often original and diversified local resource, coupled with other renewable sources of energy whose 
potential is significant in the Mediterranean: solar, wind, geothermal. 
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III. CONCLUSION: RECOMMENDATIONS FOR ACTION 

1. Need for a prudent management 

The stresses due to anthropogenic pressures and those due to climatic pressures combine their 
impacts on wooded ecosystems (cf. above, § II – 4). In order to avoid serious and irreversible 
consequences (significant biodiversity losses, extinction of many endemic species, massive 
resumption of erosion, encroachment by desertification), it is essential not to exceed the capacity of 
resilience of these ecosystems. However, the thresholds beyond which this capacity declines, if not 
breaks down, are scarcely known today. It is thus essential to adopt a prudent management.  

This prudent management rests, in the north as in the south, on a common base, which is that of all 
proper sustainable forest management: 

• not to annually yield, on average, more than the annual growth (principle of  sustainable yield, 
stipulated, in France, in royal edicts since the 14th century, but not always strictly enacted before 
the 19th); 

• respect the integrity and the fertility of  the soil, by prohibiting any interventions likely to cause 
erosion, compaction, loss of  organic matter (soils left unprotected, unsuitable working 
machinery, badly designed access roads…); 

• respect the "environmental services" provided by the ecosystems, in particular the conservation 
of  biodiversity, in general, and of  rare or endangered species of  flora and fauna, in particular, as 
well as the protection of  the water cycle. Should it prove difficult to reckon these services in 
monetary terms and to internalise their value in calculation of  the costs, they should be 
considered as constraints to be observed; 

• take into account the various goods and economic and social services provided by wooded areas: 
products other than wood, gathering, hunting, pasture, forest recreation, landscape. Likewise, 
should it prove difficult to reckon and internalise their value, they should be considered as 
constraints to be observed; 

• identify with precision the property and user rights and ensure legal assurance thereof.   

• establish participation procedures allowing all social agents intervening in actual management of  
the wooded area, and all the stakeholders concerned by the produced goods and services, to be 
actually involved in the good governance of  these areas (Lazarev, 2008). 

These common principles of sustainable and prudent management will apply in various ways 
according to the countries, and according to their social and economic specificities. In the north, the 
main threats are connected with fire hazards which are set to increase (cf. § III  – 2), as well as with 
the land pressure related to urban sprawl and infrastructures. In the south, these threats are already 
quite present, though those due to overexploitation of the resources by a very poor rural population 
are still quite high.  

In the north, local government al all levels (municipalities, provinces or departments, regions ) and 
civil society (major national or international NGOs, more local user associations or those dedicated 
to the defence of a site) are generally quite present and very active in the management of wooded 
areas. Forest owners and managers, be they public or private, are accustomed to working with them. 
In the south, “local government” and civil society are in full development, but they are in general 
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weaker than in the north; private forest property plays generally a minor role there. State foresters 
continue, accordingly, to hold a key role in the south. In order to implement a sustainable 
management of wooded areas, the methods and procedures of necessary governance, thus, depend 
strongly on the economic, social, cultural and legal context of the country.  

 

A high-value resource to be prudently managed in view of the risk of decay: the Cork Oak 

The case of the cork oak forests eloquently attests to this need for prudent management. These forests are found in all the 
countries of the western Mediterranean, from Portugal and Atlantic Morocco to Sardinia and northern Tunisia, provided 
that the soil is free from limestone (cork oak is quite limestone intolerant). Over millennia, cork has been put to various 
uses: stoppers, floats, hives… Demand on quality cork (stoppers) rose considerably in the 19th and 20th centuries, and new 
products derived from cork have emerged: decoration products and, especially, thermal insulation materials, which 
corresponds to an appreciable potential market, owing to energy saving. Alternative products, based on various plastic 
matter, have come to compete with it, but it may be held that, owing to its exceptional physical and thermal qualities, 
and in a context of return to products of plant origin, it still has good prospects ahead. 

Initially, the harvest could be done by mere gathering based on barking the trees. But, for a long time now, highly 
organised and rationalised exploitation methods have been developed. The most notable are those of the Iberian 
southwest: they combined periodic barking (once every 9 to 12 years, according to the location) of the trees over a certain 
height, under-storey pasture of various animals (cattle, sheep and, even, pigs which are fattened in the autumn, feeding 
on acorns), and temporary cultivation of cereals. They helped create, over millions of hectares, quite specific agro-sylvo-
pastoral landscapes, called “dehesas” in Spain and “montados” in Portugal. In the other producing regions (Catalonia, 
Provence Maures, Corsica, Sardinia, northern Tunisia, north-eastern Algeria, north-western Morocco), rationalised methods 
of periodical barking have been introduced everywhere, at various dates. Under-storey pasture, and even cultivation, have 
also been practiced there, at quite variable intensities, though—on the whole—hardly organised and, sometimes, quite 
damaging (overgrazing and erosive harrowing).  

Today, there may be observed, in many cork oak forests around the Mediterranean, frequent decay of cork oak, of quite 
variable intensity, ranging from slight clarification of foliage through to high mortality, and this, not only in the dehesas 
and  montados regions, traditionally managed, but also in sectors where exploitation is now largely abandoned. One reason 
could be that climate change, added to the stress of traditional exploitation (barking, pasture, harrowing), has caused 
certain stands to fall below their resilience threshold. The most affected could be those where the cork oak forests had 
been extended by plantation beyond the optimal distribution of cork oak. Would it be advisable to change certain 
exploitation practices, in order to make them less stressful in a climate grown hotter and drier? Studies are underway, 
especially in Portugal, a leading country in matter of cork, in cooperation with the other Mediterranean countries. 

2. Knowledge development and sharing 

In order to carry out prudent management, it is necessary to have appropriate knowledge; and when 
this knowledge is lacking, there is a need to step up prudence so as not to reach the—still little 
known—irreversibility thresholds.  

The relationship between climate change, evolution of wooded areas and energy sets many questions 
for research: these questions are complex and interdisciplinary. Some are being addressed, but 
knowledge is still rather uncertain or incomplete. Without seeking to be fully exhaustive, one may 
mention some of the most significant ones:  

• How will the climate evolve in each of  the sub-regions of  the Mediterranean basin? This is a 
question which decision-makers and the public at large are, quite legitimately, asking. Only 
research conducted on global level can provide parts of  the answer. Such research is underway, 
within the framework of  the IPCC, and relate not only to deepening fundamental environmental 
knowledge (atmosphere, oceans, biosphere) but also to the building of  models which are, by 
definition, quite complex;  
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• How will the Mediterranean wooded ecosystems react to this climate change? In view of  the 
economic stake involved, works have already been conducted concerning certain crop plants. As 
for wild plants, as well as for the natural ecosystems, little research is conducted in the 
Mediterranean region, and the reasoning proceeds mainly by analogy. Mediterranean forest 
ecology is, however, a field where the need for a good international cooperation was felt very 
early: already before the First World War, some foresters had set the principle of  what was later 
to become the Silva Mediterranea commission of  FAO. Yet, the results have not always been up 
to the intentions, for lack of  a sufficiently strong will among the participating Sates. The 
European Union has, fortunately, been quite supportive of  Mediterranean forestry research, 
which allowed notable progress and maintenance of  research networks, in particular as regards 
forest genetics and prevention of  forest fires. For a few years now, European or national 
networks of  forestry ecology observation and monitoring sites have contributed a large amount 
of  data, whose analysis is quite profitable. It would be very useful to extend these networks to all 
the countries of  the basin;  

• How to better evaluate and better optimise the multiple environmental assets and services 
(biodiversity, protection against desertification, carbon storage, social and cultural amenities…) 
provided by these wooded areas, in order to properly take them into account in management 
decisions? Some preliminary results have been obtained by the MEDFOREX programme, whose 
works could be taken further by the EFIMED network within the framework of  the EFI; 

• How, in the face of  the risks and of  the importance of  the stakes, to improve the governance of  
Mediterranean wooded spaces, by bringing on board the social agents and stakeholders 
concerned? Rather than research works per se, some reflection is in progress, related to exchange 
of  experiences and best practices, particularly within the framework of  AIFM (Association 
Internationale Forêt Méditerranéenne/ International Association Mediterranean Forest);  

• In the field of  energy, research, and development on large-scale industrial processes for second-
generation bio-fuels or basic biochemistry are issues arising on global, and not Mediterranean, 
level. However, "niche", or typically Mediterranean, productions rightfully claim dedicated 
research (plant-based fine chemistry, cosmetics, medicine … and, cork, of  course);   

• a more economical and sustainable use of  forest and pastoral resources by the poor rural 
populations of  the south is a key question with regard to the future of  the natural areas of  these 
countries. It is currently the subject of  local experiments which deserve to be better known and 
coordinated.  

The development of knowledge on the linkages between climate, forests and energy thus calls upon 
a very large number of disciplines: mathematics, data processing, physics, chemistry, biology, 
ecology, agronomy, economy, sociology, law, technologies…, and ranges from basic research to 
"do-it-yourself", through operational research and research & development, hence its major 
relevance, but also its great difficulty, further increased by the natural tendency of research to prefer 
more basic, or mono-disciplinary, issues.  

Moreover, works related to the wooded areas of the Mediterranean region are scantier than those 
concerning other types of forests. This region groups, in fact, on the one hand, countries which have 
relatively scarce research means and, on the other hand, countries which have more significant 
means, but where the Mediterranean is not a top priority. A very active cooperation between all 
countries is, therefore, indispensable to enable them to progress in spite of these small means.  

But this cooperation should not be limited to exchanges between scientists and technologists to 
advance the state of scientific and technical knowledge. It should also help disseminate best 
practices and good behaviour among all agents concerned, be they institutional (local government, 
professional organizations, NGOs…) or individual (farmers, stockbreeders, forestry owners, various 
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types of users…). For so doing, it must also facilitate a better understanding by these agents, and 
even by the whole public opinion, of the main problems and stakes; hence, the importance of 
training in and information on these issues. Indeed, "best practices" can be identified only in view of 
these shared stakes.  

One issue is particularly central: that of participation. States can no longer today claim to want to 
manage forest areas in a centralised manner, even when having a quality forestry administration. 
They need to rely on the active participation of other stakeholders: communities, civil society, 
economic developers. Such participation cannot function properly unless all these stakeholders have 
a minimum common vision of the problems, the stakes and the objectives to be achieved. This 
common vision is long and difficult to build, but it is fundamental. Herein lies the objective which 
the development and sharing of knowledge should seek to achieve.  

3. Institutional and financial means 

So that sustainable management improves, it would not be enough to have the necessary knowledge 
available. There must also be set up adequate institutional, legal and financial mechanisms. 

The actions targeted at mitigating the negative impacts of climate change on wooded areas (fire 
prevention, combating desertification, conservation of the natural heritage…) and those aimed at 
harnessing their potential in the best way possible (storage of carbon on stump, substitution of 
wood for energies and for fossil raw materials) must be mainstreamed in consistent projects, resting 
on a diagnosis and a vision shared by the local stakeholders,  and must relate to relevant territories. 
This concept of project territory may take various forms according to the countries: regional natural 
reserves, country contracts and area-based forestry charters in France; development of comarcas in 
Spain and comunita montane in Italy; LEADER+ on European level… It is, of course, up to each 
country to construct its own approach, and many examples prevail all around the Mediterranean. In 
spite of the specificity of each situation, experience sharing is always very enriching.  

The consistency of any project on the level of the local territory is fundamental; but it is quite as 
necessary that there should exist, on the level of each State, a clear vision and formulation of a 
strategy, with its objectives and its means. This strategy must be integrated within a National 
Strategy for Sustainable Development (NSSD). It can take various forms, according to the countries: 
national forestry plan, national forestry strategy, guidelines, forestry framework law … and cascade 
into various components (combating desertification, protection of catchment areas, wood sector 
…), and also be integrated in other dimensions (poverty reduction, rural development, energy, water 
resources, biodiversity…). All the countries of the Mediterranean basin are currently engaged in 
processes of design, monitoring or updating of such strategies. According to the extent of 
decentralization of the countries, this strategy design function may be carried out mainly on national 
State level, or on the level of the regions or provinces, according to their reciprocal attributions.    

There is no applicable strategy without the necessary human, technical, legal and financial means. 
However, these means are scarce in many Mediterranean countries. Significant efficiency gains and 
economies of scale can be made by pooling some of these means, particularly in such areas as higher 
education, research, expertise: convincing achievements are already there to attest to it, especially 
CIHEAM and MAP. The European Union has certainly a significant role to play in this regard.  

The joint use of big fire control means, in particular, fire-fighting planes and helicopters, is also a 
promising field: these means are very costly to purchase, maintain and use. Nevertheless, big fire 
control is essential for many reasons, not least among which is avoiding release into the atmosphere 
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of the carbon stored on the stump in forests. Many cooperation agreements between the riparian 
countries exist already and they operate well. They could, however, be extended and make of this 
control a flagship of Mediterranean joint action.  

Lastly, it should never be forgotten that economic efficiency is the third pillar of sustainable 
development: there can be no safeguarding of the natural asset in the long run, nor can there be any 
equity in the distribution of the wealth produced, unless the wastages of natural, human and 
economic resources are avoided. Any policy or any project, whatever its scale, must be liable to 
evaluation, as regards its efficiency (results/means ratio) and its effectiveness (results/objectives 
ratio). Forestry or energy policies and projects must be subject to this requirement. For so doing, 
procedures must be established, with possibility to include —in an appropriate manner—classical 
legal controls, voluntary certification and labelling procedures, sustainable development indicators. 
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KEY MESSAGES 

In the Mediterranean-rim countries, water resources are limited and unevenly distributed over space and time. Southern 
rim countries can count on only 13% of total resources. The Mediterranean countries’ water demand, having doubled up 
within the second half of the twentieth century,  is expected to increase by about 50 km3 by 2025 to reach some 330 
km3/year, well beyond the renewable resource stock . Climate change will deepen the gap between water demand and 
the available resources. 

Water and climate change: impacts on energy production  

• Water is essential to the production of electricity. It is the "fuel" of hydroelectric power, but also the cold source of 
power stations. 13% of the electricity generated in the Southern and Eastern Mediterranean countries is hydroelectric, 
with the rest coming from power stations.  

• The fight against climate change is one of the great challenges facing energeticians. Climate variability is the source 
of many hazards and has a very strong impact on almost all of the electricity production consumption cycle. Some 
countries have already registered a significant drop in their hydroelectric production due mainly to the decrease in 
the amount of surface water at the dams. The increased temperature of rivers may result in a significant decrease in 
electricity production in so far as the discharge temperature downstream power stations must not exceed a limit 
value. 

• A good and long-term analysis of climate change impact on water flows and river temperatures is essential for the 
design and future management of electricity production plants. Thus, it is essential to continue to acquire knowledge 
on the availability of water resources and the factors that affect its quality.  

• Improving the efficiency of existing hydroelectric plants and installing energy transfer stations by pumping are 
solutions under consideration to cope with the growth in energy needs. The development of micro-hydroelectric 
power plants, the links between hydro and wind energy and the potential of marine energy are other areas of 
investigation. 

Water and climate change: impacts on energy consumption  

• Energy needs for water will highly increase due to i) the increase in water demand, exacerbated by climate change, 
ii) the exploitation of increasingly remote water resources (deep groundwater resources, water transfers) and iii) the 
development of non conventional water production (desalination, reuse), notably as adaptation option to climate 
change and to face crisis situations. 

• The current electricity needs for water production and mobilization represent 5% (for the North Mediterranean) to 
10% (South and East) of the total demand for electricity. By 2025, this figure could reach 20% in the Southern and 
Eastern countries.  

• The first response to the increasing demand for water and the growing pressures on resources is the development of 
water rational use policies, and this in the different using sectors. 

• If the desalination techniques are now well controlled, their implementation requires large amounts of energy which 
are both costly (the cost of water produced through desalination of sea water would be at least twice higher than the 
one of conventional water, without taking into account the high capital costs) and potential sources of greenhouse 
gas emissions. The reuse of treated wastewater is a less costly solution in energy. 

• Estimating the energy required for irrigation, the largest water consumer sector in the Mediterranean is essential to 
ensure the sustainability of irrigated agriculture. It requires to reinforce, at local level, the collection of data 
concerning the amounts of water withdrawn and used, as well as the various items of energy consumption. 

• In the Mediterranean, the interactions between water and energy are very strong and vulnerable to climate change. 
This reinforces the need to develop strategies for integrated management of water resources and energy, with a 
prospective vision.  

• In order to avoid any kind of development encouraging unsustainable patterns of production and consumption, the 
valorization of produced water and the possibilities for renewable energy development and measures for the rational 
use of energy for non conventional water production should be considered. 
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INTRODUCTION 

Context  

In the Mediterranean-rim countries, water resources are limited and unevenly distributed over space 
and time. Southern rim countries can count on only 13% of total resources. The Mediterranean 
countries’ water demand, having doubled up within the second half of the twentieth century,  is 
expected to increase by about 50 km3 by 2025 to reach some 330 km3/year, well beyond the 
renewable resource stock. Climate change will deepen the gap between water demand and the 
available resources.  

At the same time, total commercial primary energy demand is expected to increase by 65% by 2025. 
In the Southern and Eastern Mediterranean countries (SEMC), in full development and where the 
population growth will be the strongest, the rates of increase in energy demand could be 4 times 
higher than those of the Northern Mediterranean countries (NMC). Here again, climate change will 
deepen the rift between demand and supply. Yet, energy consumption is today a major cause of 
global warming. In the Mediterranean, the rate of increase of CO2 emissions is particularly high 
(with respect to the global average) because of the prevalence of fossil fuels as sources of energy. 
This is particularly true of Southern and Eastern Mediterranean countries.  

The Mediterranean region has been earmarked as a climate change “hot spot”, a zone where changes 
and inter-annual variabilities in mean temperatures and precipitation will be most felt.  Extreme 
weather events will also be more common. All these pressures call for immediate action to manage 
water resources and hydrological risks. 

The interactions between water, energy and climate change only add to this pressing need. The rise 
in water demand, made sharper by climate change, would induce a rise in energy consumption and, 
consequently, in greenhouse gases emissions. Part of the energy production rests, conversely, on the 
use of water resources (hydro-electricity, cooling of thermal power stations…) that are likely to 
decrease and thus to disturb, in particular, the production of electricity and the management of 
infrastructures (dams).  

 

Objective of the chapter  

This chapter will attempt to address the following questions:  

What are the trends in energy needs related to water demand increases, and can they become key 
drivers of global energy demand? 

Conversely, how much water will be needed to quench the thirst of the energy sector? What 
tensions are likely to arise around energy production and water resources? 

How vulnerable is the "water-energy" system to the impacts of climate change? 

What are the possible options to adapt the “water-energy” system to the constraints imposed by 
climate change without increasing GHG emissions? 

Do such concepts as “water demand management”, “energy efficiency” and “renewable energy” 
already apply to the “water-energy” system? 

What are the best investment options and what are their costs? 

 

information sources, methodology 
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In order to address these various questions, Plan Bleu and MEDITEP (Type II Initiative on 
sustainable energy in the Mediterranean) jointly organised, within the framework of their partnership 
on activities in matter of energy in the Mediterranean, a workshop on the topic “Water, energy and 
Climate Change” (Gammarth-Tunisia, 17 December 2007). The results of this workshop constitute 
the main source of information of this chapter. 

Information related to the artificial production of freshwater through desalination of sea water or 
brackish water comes from a Plan Bleu regional study report « Water, energy, desalination and 
climate change in the Mediterranean » (Boyé, 2008). 

content of chapter  

This chapter consists of 2 parts. The first one focuses on water needs for energy production and the 
second one on energy needs for water production and mobilisation. Each party relies on the main 
findings and conclusions of thematic presentations by experts involved in the regional workshop, as 
well as on the issues and discussions among the participants. 

Thus, this chapter is not intended to present an exhaustive analysis of the "water energy" system in 
the context of climate change in the Mediterranean, but describes the situation of some countries 
(France, Morocco and Egypt) and a few key sectors (hydroelectricity, desalination, water purification 
and irrigation).. 
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I. WATER NEEDS FOR ENERGY AND CLIMATE CHANGE, 
CURRENT AND PROSPECTIVE SITUATION 

This part focuses on the themes of hydroelectricity, main source of renewable electricity, and 
cooling of thermo-electric (fossil and nuclear) power plants with an emphasis on France, Morocco 
and Egypt1. 

1. WATER, AN ESSENTIAL RESOURCE TO GENERATE ELECTRICITY 

In the Mediterranean, the demand for electricity is soaring dramatically in the South and East: 
between 1970 and 2005, the final consumption of electricity has increased by 3 in the Northern 
Mediterranean countries, even though it was by 15 in the Southern and Eastern Mediterranean 
countries. If no action is taken to curb the demand for electricity in both North and South, the 
scenario of the Mediterranean Energy Observatory (OME) shows that this could lead to a doubling 
of electricity consumption of the SEMC by 2020.  

Water is essential to the production of electricity. It even concerns almost all the means of 
production. It is the "fuel" of hydroelectric power, but is also the cold source of flame or nuclear 
power stations, wherever located near the sea or along rivers. In 2005, 13% of the electricity 
generated in the SEMC is hydroelectric (12% in the NMC), with the rest coming from gas, oil and 
coal power stations, respectively 60, 16 and 21% (in the NMC, the rates are 18, 7 and 18%, plus 
40% for the nuclear and 5% for renewable energy)2.  

Figure 1 - Share of hydraulic in the energy balance in 2004 

and growth of the total primary energy supply (1990-2004) 

 
Sources: Plan Bleu, data: IEA 

Today, the sharing of water resources has become more complex. To meet the increase in demand 
for water for all sectors of activity3 and the need for better water quality in rivers and on the 
seafront, the regulatory and legislative environment has evolved. Meanwhile, severe hydroclimatic 
                                                      
1 It is based on the following presentations: Water needs for energy in the French Mediterranean region (Mr Bernard Mahiou, EDF), Dams and 
hydro-electricity in Morocco (Ms Laila Oualkacha, Secretariat of State in charge of Water and the Environment in Morocco), Current and 
prospective role of hydro-electricity in Egypt (Mr Adel Soliman, Sustainable Energy Users Association, Egypt). 
2 Source of data: OME, 2007. 
3 Refer to Blue Plan  Note « Facing water stress and shortage in the Mediterranean » (Plan Bleu, 2006). 
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crisis (floods, heat waves, droughts…) have significantly marked resource availability and are 
warning signs, in the medium and long term, of even greater strains related to climate change 
impacts in the region. Today, in some countries, water withdrawals already near or even exceed the 
limit threshold of renewable resources. By 2025, the significant increase in pressures on water 
resources, gauged by the exploitation index of renewable natural water resources4, highlights strong 
and sometimes alarming contrasts as regards the “future of water” (figure 2). New mitigation and 
adaptation policies are necessary and clearly demanded by Europe (Green Paper on climate change) 
and by the governments of various countries. 

Figure 2 - Exploitation indices of renewable natural water resources, entire countries, 2000 and 2025 

 
Source : Plan Bleu, J. Margat 

 
The presentations have helped to highlight the fact that the fight against climate change was one of 
the great challenges facing energeticians and that it was even a priority challenge for climate 
"dependent" companies such as major electricity operators of the region managing significant 
hydroelectric capacity. Climate variability is the source of many hazards and has a very strong impact 
on almost all of the electricity production consumption cycle. Electricity consumption is, first of all, 
very sensitive to changes in air temperature. The production depends, in turn, greatly on the quantity 
and quality of the available water resources. Finally, the safety of the transportation and distribution 
network may be permanently affected by major climatic events (such as storms, sticky snow 
episodes…). 

2. THE IMPACTS OF CLIMATE CHANGE ON ELECTRICITY PRODUCTION: 
FROM THE RETROSPECTIVE ANALYSIS 

Retrospective analysis of the South of France shows that the already recorded rise in air 
temperatures had a direct impact on: 

• snowfall which recent developments have led to significant consequence, already visible to the 
operation of  a large pool at the head of  valley like that of  Serre-Ponçon, a displacement of  
available merged volumes and a more difficult seasonal reserve management (particularly in 

                                                      
4 Indices nearing or exceeding 75% reveal very strong pressures exerted on water resources; ratios between 50 and 75% point significant 
medium-term risks of structural stress; indices between 25 and 50% indicate that countries may endure local or fluctuating stress. 
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ensuring the availability of  water during the summer). It is thus necessary to move from an 
annual management to an interannual management of  the retention level. 

• the temperatures of  the Rhone waters. The impact of  the recent heat waves is very visible: in July 
2006, temperatures above 27°C were measured at the outlet of  Lake Geneva and in 2007, 
measured temperatures in April were consistent with those normally observed in mid-July. More 
generally, over the past 30 years, the Rhone River and its streams have seen their temperature 
increase significantly from +0.5 to +1.6°C depending on the measuring stations. 

The increased temperature of rivers may result in a significant decrease in electricity production in so 
far as the discharge temperature downstream production sites (power stations) must not exceed a 
limit value - generally set at 28°C in France - regardless of the prevailing conditions upstream. 
During the summer of 2006, the power of some stations has been made temporarily unavailable as a 
result of these environmental constraints. At the peak of the sequence, the maximum power erasure 
has reached 5000 MW over the Rhone, which is considerable in terms of conditions of security and 
stability in the network. 

Figure 3 - Reduced total power of nuclear power plants of the Rhone, July 2006 

 

 
Source : EDF, 2007 

 

Morocco, which began in the 1960's the realization of a large number of dams, water and hydro-
electric works to cope with the spatial and temporal variability of precipitation and develop its water 
and energy resources, has registered a significant drop of its hydroelectric production due mainly to 
the decrease in contributions in surface water at the dams. The national average for such 
contributions has, in fact, dropped by around 20% over the past 30 years under the impact of 
climate change and the change in rainfall. Loss of productive capital can also be explained by a lack 
of maintenance and the problems of siltation of dams. 

Choices on the allocation of water between uses are increasingly needed, the supply of drinking 
water and irrigation get highest priority. The average production achieved in the past 20 years has 
fluctuated between 450 and 1500 million kWh, representing only about half the expected output (the 
average goal of energy production is 3200 GWh per year for the whole hydroelectric plants built 
until 2007). If hydroelectric power still plays a significant role in meeting the energy needs of the 
country (contributing to 8% of the national electricity production), the impacts of drought on this 
production have compelled the National Office of Electricity of Morocco to move towards the 
production of thermal energy and renewable energy. 
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3. TO PROSPECTIVE ANALYSIS: TOWARDS A REDUCTION OF 
MOBILISABLE HYDROELECTRIC POWER 

In addition to the analysis of already recorded data, it is necessary to evaluate the impact of climate 
change on water resources, in the longer term. First, concerning stream flows, simulations 
conducted at the European level (from 2 different climate models) show that, in general, the 
countries of northern Europe will see a significant increase in the flow of their rivers and, inversely, 
the southern countries - including France - are expected to experience a decline in their flows on the 
order of 10%, decline even more pronounced on the Mediterranean shore. As for snowfall, which 
had already undergone a significant change over the past 20 years, the simulations in the French 
Alps showed a very significant deterioration in 2050 on the whole with less available stock in the 
form of snow and melting occurring almost one month earlier. Spring and summer flows will be 
changed consequently, just like the summer low flows which will be more stressful and more 
difficult to sustain. 

Figure 4 - Flow evolution of the Isere at Saint-Gervais-le-Port 

 
Source : EDF, 2007 

Significant consequences should follow on the seasonal management of major hydroelectric reserves 
and the peak energy reserve, as well as a probable reduction of mobilizable hydroelectric power to 
be taken into account to set realistic targets for renewable energy in the long term. Similar results, 
and just as marked, occur when one examines the evolution of water temperatures under climate 
change. 

In Egypt, hydroelectric production is entirely based on the exploitation of the Nile waters. The large 
uncertainties about the impacts of climate change on the development of water resources (though 
some studies estimate an increase of 30% in water resources in the catchment area of the Nile, 
others forecast a decrease of 20 to 70% of these resources by the year 2100) and on that of the Nile 
flow make it very difficult to estimate expected hydroelectric power5. 

 

                                                      
5 It would be necessary to develop studies related to the evolution of the Nile flow at the entrance of Lac Nasser. 
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4. WHAT ARE THE FUTURE PROSPECTS FOR THE PRODUCTION OF 
ENERGY FROM WATER, WHAT STRATEGIES TO PUT IN PLACE? 

A good analysis of climate change impact on water flows and river temperatures is essential for the 
design and future management of electricity production plants. This is even more true that certain 
infrastructures (e.g. ERP - European pressurized reactor - for thermal power plants) are planned to 
operate at dates when climate change will be actually felt. 

Today, the management of uncertain future climate from the past can take into account the risks 
due to the high variability of water resources quantity and quality. It guarantees the safe and 
optimized management of all the means of production. In the longer term, the potential impact of 
climate change on the availability and variability of water resources should be directly addressed, 
both in terms of quantity with regard to the availability of the resource and in terms of quality in 
relation to the impacts on the environment. This will include adapting the regulatory scheme 
applicable to thermal power plants (fossil and nuclear) according to the observed trend in river flows 
and temperatures resulting from climate change, while seeking the absence of significant impacts on 
biodiversity. The targets for renewable energy must also be adapted. 

In Egypt, where hydroelectricity accounts for nearly 11% of total electricity supply in 2007 
(estimated at 3.5% to 2025), national authorities are planning to cope with the growth in energy 
needs by: 

• improving the efficiency of  existing hydroelectric plants (improving water flows management, 
improving the equipment), 

• installing Energy Transfer Stations by pumping (ETSP) which are a suitable solution for the 
countries where the use of  wind energy is important and where load curves vary widely. The 
pumping turbining which allows, among other things, to manage peaks in demand, is an 
appropriate field of  investigation. 

• reconsidering the proposed transfer of  seawater towards Quattara depression for hydroelectric 
power production (“hydro-solar" energy). 

Actions may also be conducted in the framework of regional cooperation with other African 
countries (having not reached their full potential in terms of hydroelectricity) in order to meet the 
needs of the countries, and even to export electricity to Europe. With other countries, Egypt 
promotes the concept of a continent-wide electricity grid. It is currently implementing regional 
power cooperation and interconnection projects particularly with its southern neighbour riparian 
countries to the Nile basin. Several initiatives are under way (the Nile Basin Initiative, the New 
Partnership for Africa's Development and the Union of Producers, Conveyors and Distributors of 
Electrical Energy in Africa). 

Workshop participants pointed to other areas of investigation or lines of thought, including: 

• The development of  micro-hydroelectric power plants, 

• The links between renewable hydro and renewable wind  energy, 

• The potential of  marine energy (currents, waves, thermal energy, tidal energy…), with the need 
to identify areas that may be concerned.  

To complement these developments, it is essential to continue to acquire knowledge on the 
availability of water resources and the factors that affect its quality. This requires the strengthening 
of measuring and monitoring programs and continuing research efforts in the field of heat and 
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rivers biology. This will include fostering trans-disciplinary studies (hydrology, climatology, biology, 
ecotoxicology, physical chemistry…) to better understand all the factors influencing the evolution of 
aquatic biodiversity and draw paths to the future. It will also be necessary to construct these 
adaptations in seeking the best possible scientific consensus, in particular through transfrontier 
actions and research programs (e.g. research programs on ecological impacts), which will enable to 
promote common knowledge and share all useful experience. 
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II. WATER ENERGY NEEDS AND CLIMATE CHANGE, 
CURRENT AND PROSPECTIVE SITUATION 

This section presents a comprehensive review of energy needs for water in the Mediterranean and 
then goes over the details of the energy needs for water desalination, reuse of treated wastewater and 
irrigation6. 

1. THE CURRENT AND FUTURE ELECTRICITY NEEDS FOR WATER 
MANAGEMENT IN THE MEDITERRANEAN 

A recent study7 showed that the current electricity needs for water management (including pumping, 
drinking water treatment, wastewater treatment, desalination, transfers…) in the Mediterranean 
countries represent 5% (for the Northern countries) to 10% (for the Southern and Eastern countries 
) of the total demand for electricity (noting that electricity is the main source of energy used in the 
water sector). 
While it has been extremely difficult to collect statistics on energy-related water use in all the 
Mediterranean countries, some information has been obtained for France (consumption of 15 TWh 
for water production in 2003, or about 3.5% of the national consumption of electricity), Israel 
(11.5% of the national consumption of electricity) and Tunisia (SONEDE having counted about 
200 GWh in 2004 for the management of drinking water). The data collected were used to obtain 
orders of magnitude depending on the types of activities in the water sector and to extrapolate to 
similar situations. 

The average electricity consumption for water varies greatly in the Mediterranean region. Based on 
the data collected, it was estimated in 2000 at 0.4 kWh/m3 in France (where water is produced 
primarily in a conventional way) and 1.5 kWh/m3 in Israel (where unconventional water production 
- seawater desalination, transfers - is important). To estimate the average amount of energy required 
in the Mediterranean, the following values have been retained for 2000: between 0.2 and 0.3 
kWh/m3 of water produced and processed in the Southern and Eastern countries (SEMC), 0.4 
kWh/m3 for the Northern countries (NMC). The results obtained are presented in the following 
table. 

                                                      
6 It is based on the following presentations: Energy needs for water in the Mediterranean (Ms Houda Ben Jannet Allal and Mr Jean-Loup Rouyer, 
OME), Energy for water and wastewater treatment (Mr Michel Coeytaux, Veolia Water), Sea water desalination, renewable and nuclear 
energies (Mr Alain Maurel, consultant), Energy needs for irrigation in Egypt (Mr Mohamed Nour El Din, Ain Shams University, Cairo). 
7 Rouyer, J.-L., Morel, J. (2007). De l’énergie pour l’eau dans le bassin méditerranéen. Report prepared for the Hydrotop Conference, France. 
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Table 1 - Water and electricity demands in 2000 and 2025 

NMC SEMC 
Total 

Mediterranean 
2000 2025 2000 2025 2000 2025 

Water demand 
(km3/an) 138 133 152 200 290 333 
Electricity demand 
(TWh) 1150 1800 350 1000 1500 2800 

Electricity demand for water (TWh) 55 93 30 à 45 200 85 à 100 293 

% electricity for water 4,8 5 8,5 à 13 20 5,6 à 6,7 10 

PNM PSEM Total Méditerranée 

2000 2025 2000 2025 2000 2025 
Demande en eau 
(km3/an) 138 133 152 200 290 333 
Demande en électricité 
(TWh) 1150 1800 350 1000 1500 2800 

dont pour l'eau (TWh) 55 93 30 à 45 200 85 à 100 293 

% électricité pour l’eau 4,8 5 8,5 à 13 20 5,6 à 6,7 10 
Sources : Jean Margat (Plan Bleu), Jean-Loup Rouyer (OME) 

 
Figure 5 - Water and electricity demands in 2000 and 2025 

in the Southern and Eastern Mediterranean countries 

 
 

Sources : Jean Margat (Plan Bleu), Jean-Loup Rouyer (OME) 
 
According to the projections of Plan Bleu (baseline scenario), water demand may increase by a 
further 43 km3 by 20258, essentially in the Southern and Eastern countries (notably in Turkey and 
Syria), mainly because of the demographic growth. Agriculture is expected to remain the main water 
user in volume. 

The increase in water demand, exacerbated by climate change, will inevitably lead to an increase in 
energy requirements for water production and mobilization. Meeting water demand will also rely on 
the exploitation of resources, increasingly energy costly (withdrawals of deep groundwater resources, 
transfer of increasingly remote water resources, desalination of seawater…).  

                                                      
8 Refer to Blue Plan  Note « Facing water stress and shortage in the Mediterranean » (Plan Bleu, 2006). 
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Thus, by 2025, electricity consumption for 1 m3 of mobilized water could be in the order of 1 kWh 
for the SEMC and 0.7 kWh for the NMC. At this horizon, electricity needs for water management 
in the Mediterranean would be in the range of 5% (for the Northern countries) to 20% (for the 
Southern and Eastern countries) of the total electricity demand (Rouyer, 2007). 
It should be noted that these global estimates (by major geographic regions), and taking into account 
only electric energy, are loaded with uncertainties and do not indicate whether some countries (or 
some territories within the countries) will be more forced than others by large increases in their 
electricity needs for water. It would be necessary to specify the estimates for each country and 
complete the analysis by the consumption of fossil fuels for water management. 

2. WHAT SOURCES OF ENERGY TO DESALINATE WATER? 

Desalination techniques are well controlled since, to date, the total installed capacity at the global 
level exceeds 40 million m3/day. Some Mediterranean countries have already substantial installed 
capacity (see Table 3). The total installed capacity for the Mediterranean region could grow sixfold 
by 2030 to reach 30 million m3/day.   

Table 2 - Desalination in the Mediterranean countries 

Countries Installed capacity Projects scheduled Remarks 
Algeria 600 000 m3/d 2 300 000 m3/d (2009) Water supply 

for major urban centres 
Cyprus 10 000 m3/d Ongoing enlargement  
Egypt  Projects in isolated areas (Sinaï, Red Sea) Use of wind energy 
Israel 800 000 m3/d  320 000 m3/d in Ashkelon (reverse osmosis 

plant) 
Libya 1 000 000 m3/d 

(distillation) 
Nuclear desalination Project  

Malta 150 000 m3/d  60% of drinking water supply 
Morocco 20 000 m3/d 150 000 m3/d (3 plants)  

Spain 2 500 000 m3/d Many ongoing projects for agriculture 
(greenhouse vegetables) 

The only Mediterranean country to use 
desalinated water for agriculture 

Tunisia 100 000 m3/d 250 000 m3/d (5 plants) A desalination project with renewable energy  
Source : Plan Bleu, Boyé, 2008 

 
If the desalination of sea water or brackish water is one of the possible adaptation response to  the 
increasing water stress and shortage in some Mediterranean countries, it is not, per se, a sustainable 
development option. Its implementation requires large amounts of energy (heat or electricity) which 
are both costly and potential sources of greenhouse gas emissions. 

In fifty years, the various processes have made considerable progress in terms of energy 
consumption. Thus, there exists on the market multiple effects distillation facilities, which require 
about 250 MJ/m3 (~ 60.103 kcal/m3) of low level thermal energy (~ 100°C) over 2 to 3 kWh of 
electric energy for the recirculation of seawater. The process of reverse osmosis, for its part, through 
the establishment of energy recovery systems and much more efficient membranes, requires only 3 
to 4 kWh of electricity per m3 of water. When the primary energy fuel is available, energy 
consumption is of the order of 1 kg of heavy oil (10000 kcal/kg or 42 MJ/kg) for 1 m3 of water 
with reverse osmosis (with energy recovery) and about 3.5 kg of heavy oil for distillation. 

Desalination techniques do not depend on primary energy source. Thus, the use of nuclear energy, 
planned for high capacity desalination units, does not have specific technology desalination. It is an 
integrated complex where the nuclear reactor and the desalination plant are built on the same site. In 
the case of reverse osmosis, which only needs electric energy, no coupling problem arises. Thus, a 
standard reactor of 900 MW could produce more than 5 million m3/day of freshwater. If nuclear 



PART III Vulnerability and Adaptation of the energy sector
CHAPTER 10 Water for energy/energy for water and climate change in the Mediterranean 
 

  10-17
 

energy has a number of benefits (in terms of preservation of fossil resources, reducing emissions of 
greenhouse gases, price stability…), countries wishing to use it must cope with the high cost of 
initial investment as well as the problem of public acceptance (including security and the future of 
nuclear waste). They must also put in place an adequate administrative and regulatory system. 

Renewable energy (solar and wind energy) can be used to power small desalination units in isolated 
locations. Using the sun's energy to distill sea water is not, in fact, a new idea. "Greenhouse" 
distillation system is the oldest and simplest process of desalination, but whose potential remains 
limited. Productivity may not exceed 4 to 5 litres of fresh water per square meter of still surface per 
day and it happens that we quickly have very significant greenhouse surfaces. 

Another possibility is to use renewable energies with conventional high productivity desalination 
processes: multiple effects distillation associated with solar collectors; reverse osmosis is associated 
with either solar cells or air generators. However, the development of these processes faces two 
problems: 

• the high cost of  investments relating to both the energy source and the high productivity 
desalination plant (hence the use of  very high energy performance desalination processes); 

• the discontinuous and random character of  renewable energy (regular day / night  alternance for 
the solar, weather risks for the solar and wind energy), which implies a more or less important 
energy storage (in batteries for small capacity units, by connection to a power grid for capacity 
units ≥ 1 000 m3/d). 

Figure 6 - Solar desalination unit (photovoltaic and reverse osmosis) 

in the village of Ksar Ghilène, Tunisia 

 

 

 

 

 
Desalination Unit Operation conditions Cost of produced 

water 
Salinity of brack water: 4.5 g/l  

Capacity of the reverse osmosis unit: 2 m3/hr  
Conversion Rate: 70%  

Power Requirements: 3.57 kW  
Energy use: 1.7 kW/ m3 

Summer
35 kWh/d 

i.e. 15 m3/d 
(7,5 h/d*2 m3/h) 

Winter 
16 kWh/d 

i.e. 7,5 m3/d 
(3,75 h/d*2 m3/h) 

5.6 €/m3 

(compared with 8.5 
€/m3 for the 

trucking) 

Source : Maurel, 2007 
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Desalination, a costly solution to face crisis 

The industrial production of freshwater through desalination of sea water or brackish water is a growing non-conventional 
resource in the Mediterranean9. Initially developed in situations of insular isolation (Malta, Balearic Islands, Cyprus…) and 
coastline situation (Libya), notably to respond to the needs of the tourist sector with high season peaks, it is today 
expanding quite rapidly all around the Mediterranean. It represents up to 60% of drinking water supply in Malta. Algeria - 
which benefits from cheap energy - has clearly chosen the option of desalination to supply major urban centres (such as 
Alger, Oran or Skikda) with drinking water. Spain, ranking in fourth position globally, has the characteristic of allotting a 
significant portion of the desalinated water to the agriculture sector for the production of “off-season” greenhouse 
vegetables intended for exports. In Cyprus, desalination - for domestic use  - contributes to face up to successive droughts 
situations and to minimize drinking water rationing measures… 

Large-scale desalination is a large power consuming, greenhouse gas emissions producing and costly option. The cost of 
water produced through desalination of sea water would range from about 0,4 to 0,6 €/m3 (and from 0,2 to 0,3 €/m3 for the 
desalination of brackish water) for large scale plants, i.e. approximately twice higher than the one of conventional water 
and 1,5 times higher than the one of water treated to be reused, and this without taking into account the high capital 
costs. These costs are higher for smaller, lower performance or old plants, and obviously very sensitive to the cost of 
energy which differs according to the countries. It is also worth underlining the negative impacts of desalination on the 
local environment: the usual impacts of infrastructures on the coastline, but also the ones linked to the brine discharge in 
the natural medium (which can affect the aquatic ecosystems and water quality). 

Thus, certain criteria should be observed before developing or financing any desalination project: 

• Use of the desalinated water only for the water supply of populations, 

• Justification of the need for and the opportunity of the desalination project (in regards to the other existing 
alternatives for the supply in freshwater), 

• Choice of an operation method maximising avoidance of the negative impacts (minimizing energy consumption, 
encouraging the use of carbon imprint-free energies, minimizing the impacts on the local environment…), 

• Implementation of a plan of environmental management of effluents (brines), 

• Integration of significant fringe benefits in terms of employment, development of industrial sectors, creation of 
services enterprises, etc. 

Source : Plan Bleu, Boyé, 2008 

3. THE REUSE OF TREATED WASTEWATER: A LESS ENERGY DEMANDING 
SOLUTION 

The comparative analysis of 3 applications (desalination of brack water, the treatment of urban 
waste water and reuse of treated wastewater) has helped to highlight the following conclusions: 

• The desalination of  brack water (containing 1 to 10 g/l of  salt) consumes less energy than the 
desalination of  sea water (1.5 kWh/m3 instead of  4 kWh/m3 for sea water) as far as brackish 
waters are of  good biologic quality, contain little suspended solids (hence simplified pre-
treatment) and have an osmotic pressure lower than sea water. The rate of  use of  desalinated 
brack water is high (~ 90%), but the elimination of  salty residue remains problematic. 

• The energy criterion is an additional criterion for assessing the purification processes of  urban 
waste water. Traditionally, energy recovery from sludge allows the achievement of  a coverage rate 
of  the needs in the order of  60%. Energy autonomy from sewage treatment plants is feasible in 
the short term. 

• The reuse of  treated wastewater requires low energy consumption (~ 1 kWh/ m3) compared to 
desalination (seawater or brack water) and the import of  water if  the distance is over 60 km. It is 
also a better way to preserve the resource. 

                                                      
9 In 2000, these resources approached 0,4 km3 per year in the entire Mediterranean basin (Algeria, Cyprus, Egypt, Israel, Libya, Malta, Morocco, 
Spain, Syria, Tunisia). 
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4. ENERGY REQUIREMENTS FOR IRRIGATION 

Agriculture is the main water-consuming sector in the Mediterranean. In 2000, it accounted for 64% 
of total water demand (45% in the North and 82% in the South and East). According to the 
projections of Plan Bleu, water demand for agriculture may increase by a further 32 km3 by 2025, 
essentially in the Southern and Eastern countries. These projections reinforce the necessity to 
improve the efficiency of irrigation water transport and use (through, notably, the implementation of 
water and energy saving equipments and technologies).  

Because of the increase of both the demand for irrigation water and energy costs, it is important to 
estimate the energy required for irrigation to ensure the sustainability of irrigated agriculture. In the 
regional study conducted by Rouyer and Morel (2007), the energy required for 1 m3 of water for 
irrigation is estimated at 1kWh (for the collection, transport and irrigation in the plot).  

In the case of Egypt, for example, large amounts of energy are required to: 

• gravity irrigation of  ancient lands in the Nile Valley and Delta. For this traditional irrigation 
based mainly on the use of  diesel pumps to bring water from the Nile up to 1.5 to 2 m, the 
energy requirements are estimated between 10,000 and 32,000 kWh/ha/yr (Goosens and Bonnet, 
2001); 

• irrigation of  new reclaimed lands (mostly in the desert) based on pressurized canal systems 
(sprinkling, drop irrigation) and depending primarily on groundwater. Most of  the pumps used to 
operate the groundwater (to a depth of  50 to 300 m) are electric pumps; 

• pumping drainage water for disposal or reuse (6 billion m3 of  water drainage are reused every 
year to provide additional irrigation water); 

• water renewal in fish farms.. 

In the case of traditional irrigation, projects substituting individual small diesel pumps for collective 
pumping stations upstream irrigation canals aim at improving the efficiency of water use and 
reducing energy consumption. Additional significant energy savings could be obtained by 
electrification of these pumps.  

The estimation of current and future energy requirements for irrigation is very difficult because of 
the lack of reliable data at the local level for these various items of energy consumption. It requires 
further data on the quantities of water drawn for irrigation and drained, the energy consumed for 
operating the pumps, the establishment and operation of fish farms, and so on. 

5. OTHER OPTIONS TO EXPLORE FOR A SUSTAINABLE FRESHWATER 
PRODUCTION 

There is a wide range of resource management methods - not yet sufficiently explored - that would 
make it possible to increase the exploitable potential of renewable natural resources at the lowest 
possible energetic, economic and environmental cost. Some options developed for the arid countries 
(artificially recharging the water tables, dividing up regulatory works upstream of catchment areas,  
water and soil conservation…) merit consideration in detail in all countries, although they often call 
for innovations covering a wide spectrum (hydro-geology, hydrology, agronomy, study of soils…). 
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Other options, such as harnessing coastal or underwater freshwaters, are beginning to be explored in 
the Mediterranean (La Mortola in Italy, Menton in France). The production of fresh water from 
underwater sources requires very few energy consumptions (since fresh water goes up naturally to 
the surface) and doesn’t imply any organic or mineral discharge. The cost of water coming from 
underwater sources would be up to 10 times lower than the one of water produced through 
desalination of sea water. 
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III. CONCLUSIONS  

Within a context of rising trend in demand for water and power supply, the countries bordering the 
Mediterranean are faced with a number of challenges: manage sustainably water and limited energy 
resources, provide access to safe drinking water and electricity to unserved populations and 
encourage users to saving behavior. These challenges are all the more important as tensions over 
resources are likely to be exacerbated by the effects of climate change. The expected temperature 
increase and the decrease in precipitations would lead to both a reduction in resources and an 
increase in water demand. They would equally create a drop in the production of electricity 
(hydroelectricity, thermal power plants) and increased demand for energy for the production and 
mobilization of water (electricity demand for water production already represents  nearly 10% of the 
total demand for electricity in the South and East of the Mediterranean).  

Factors to be taken into account when choosing investments to be carried out in the water-energy 
sector are as follows (see Table 1):  

The first response to the increasing demand for water is the development of demand management 
policies likely to reduce losses and misuses, to manage water resources equitably while ensuring that 
the different uses are satisfied. Similarly, the initial response to the increasing demand for energy is a 
better demand side management (energy efficiency), which offers a very significant potential in the 
countries of southern and eastern shores of the Mediterranean in particular. 

Moreover, in some countries, an increase in the supply of water, to organize through better resource 
management (increase in the exploitable potential, pollution control…) or via non-conventional 
forms of water supply, is also necessary. Similarly, the increase in the supply of energy in the 
Mediterranean is and will be necessary, while diversifying energy mix through renewable resources 
(solar and wind) and promoting sustainable energy development.   

The desalination of seawater or brack water is thus one of the possible answers to adapt to the 
increasing scarcity of water resources in some Mediterranean countries. However, if the desalination 
techniques are now well controlled, their implementation requires large amounts of energy which are 
both costly and potential sources of emissions of greenhouse gases. The reuse of treated wastewater 
is a less costly solution for energy and more "virtuous" for the preservation of the resource. In order 
to avoid any kind of development encouraging unsustainable patterns of production and 
consumption, we should consider the valorization (uses and management) of desalinated water and 
the possibilities for renewable energy development and measures for the rational use of energy for 
desalination.  

In the arid and sparsely populated countries in the South and East of the Mediterranean, the supply 
of decentralized solar electricity is already a reality (Maghreb, Egypt…). The declining trend in the 
cost of photovoltaic cells and the increase of that of fossil fuels should encourage the development 
of renewable energy in these arid rural regions, but also gradually in the densely populated coastal 
urban and peri-urban areas. 

In the Mediterranean, the interactions between water and energy are very strong and extremely 
vulnerable to climate change. This reinforces the need to develop strategies for integrated 
management of water resources and energy, with a prospective vision. Morocco has, in this sense, 
developed an adaptation strategy of the "water-energy" system to climate change. 
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Table 3 - Adaptation of "water-energy" to climate change in Morocco 

Strategies for sustainable and integrated water 
resources management 

Development strategies in the energy sector 

• Integrating the climate change factor into national planning of 
water resources,  

• Integrated management of conventional and nonconventional 
water resources (desalination, reuse…), 

• Implementation of a national strategy to save water that 
promotes water demand management, installation of water-
saving equipment, 

• Implementation of appropriate water governance 
(decentralization, consultation and participation of 
stakeholders),  

• Introduction of a cost recovery system consistent with the 
funding requirements of the sector,  

• Adoption of an adequate institutional and regulatory 
framework. 

• Seek the cheapest kWh : rational use of energy, development 
of operational performance, encouragement to private 
investment, adoption of appropriate tariff structures,  

• Diversification of sources of supply: practical mix between 
different types of fuels and their origins, development of 
renewable energy (solar, wind and water), introduction of new 
environment-friendly technologies, continuation of studies for 
the use of electronuclear energy for the production of energy,  

• Attendance of the National Office of Electricity at international 
forums to valorize the know-how and exchange of experiences. 

Source: Secretariat of State in charge of water and the environment in Morocco, 2007 
 

Among the lines of investigation to explore or investigate, the speakers and participants at the 
workshop highlighted the following points: 

• Improve the production and collection of  data on water needs for energy and energy needs for 
water in the countries (consolidate orders of  magnitude, develop country-by-country analyses…), 

• Continue or develop, country by country, prospective studies on the evolution of  water and 
energy resources and demands, integrating the "climate change" factor, 

• Further analysis of  the issue of  sea water and brack water desalination, and especially the future 
of  renewable energy and energy efficiency in the global supply of  energy for desalination, 

• Study the potential offered by pumping turbine, micro-electricity and tidal energy, 

• Continue the exchange of  experience on the links between water, energy and the environment 
(including the climate change factor) among Mediterranean countries, within the framework of  
regional cooperation. 
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KEY MESSAGES 

Tourism 

Tourism, both national and international, is a major activity for most of the 21 countries of the Mediterranean basin. 
Indeed, they receive over 30% of international tourism, which represents a major source of foreign currency. The most 
attractive countries of the Southern and Eastern rims of the Mediterranean are Turkey, Egypt, Tunisia and Morocco, which 
received in 2005 respectively 20, 8.2, 6.4 and 5.8 million international tourists. 

However, this sector is quite vulnerable to climate change. The Northern and Eastern Mediterranean rims stand out, 
especially in view of the forecasts of increased frequency of droughts and heat waves potentially affecting directly 
tourism frequentation. Low lying coastal areas are particularly exposed. In Tunisia, for instance, where 90% of the 
accommodation capacity is located on the coast, the Gulf of Gabès seems to be quite vulnerable. The same applies to the 
Mediterranean coast of Egypt, where domestic tourism reports a rapid development. The aggravation of natural resources 
scarcity (such as water), to which tourism contributes, is also a factor which could affect negatively tourism activities.  

It is also proven that the contribution of tourism to global CO2 emissions is about 5%, of which three quarters must be 
ascribed to transport (Céron, 2007). The continuation of the trends observed (business-as-usual scenario) reveals that the 
growth of tourism could generate GHG emissions likely to reach 152% by 2035 (Céron, 2007), thus playing a major role in 
the aggravation of climate change, itself causing, in fine, great economic losses in this sector.  

In terms of adaptation, the tourists themselves will probably reconsider the choice of their destination as the climate 
conditions deteriorate in the Mediterranean destinations.   

However, the shift of the tourism activity to less exposed zones is not always possible, in particular for the small local 
operators strongly attached to a given location. To mitigate such losses, it seems necessary to anticipate the future 
impacts within the current investments, which requires climate information that is not always available (vulnerability 
maps) (Billé, 2007).    

The eliciting of solutions is currently focused on adaptation options that are low CO2 emitter, such as:  

• establishment of the facilities in areas not exposed to variations of sea level and to increased frequency of extreme 
events, 

• tourism offers that minimise water and land wastages, 

• environmental management and energy efficiency in tourism facilities (buildings in particular), thus allowing, at the 
same time, to cater for the comfort needs of tourists and to reduce GHG emissions, 

• better control over air transport, a highly GHG emitting sector, by acting—for instance—on the frequency of 
departures, especially for very long routes. It requires a change in the mindset, in the travel culture, of the future 
generations. 

Urban areas 

Cities and urban areas are, quite rightly, considered as sites of high carbon dioxide emissions into the atmosphere 
(housing and buildings, transport, industry). At the same time, climate change brings a “natural” risk dimension to bear 
on cities. Their future, thus, constitutes a major stake. 

In the whole of the twenty one riparian countries of the Mediterranean, the urban population—living in conurbations of 
over 10 000 inhabitants—passed from 94 million in 1950 (44% of the population) to 274 million in 2000 (64%). The Southern 
and Eastern Mediterranean Countries (SEMCs) report an accelerated urbanization (74% of the population of the SEMCs 
would be urban by 2025), owing to a still steady demographic growth, interurban migrations, as well as a rural migration 
which continues to prevail in certain countries.  

By 2025, the urban population is likely to exceed 243 million in the SEMCs (representing 74% of the urban population of 
2025 and 100 million more than in 2000). 

These evolutions, associated with urban development patterns that are hardly under control, in particular on the socio-
spatial level, exacerbate the vulnerability of Mediterranean cities vis-à-vis the impacts of climate change.  

Owing to the very nature of the urban structure, local warming is more exacerbated in the city than in the surrounding 
country. In the Mediterranean, the unregulated, high-density housing areas, are particularly exposed to extreme events 
(floods, landslides) whose frequency and intensity are likely to increase in the future. Cities located in very low-lying 
coastal areas and in delta zones will have to contend with the rise in sea level.  The city of Alexandria, but also the cities 
of Rosetta and Port Saïd, are particularly vulnerable: a rise in sea level by 50 cm is likely to entail the loss of 200 000 jobs 
and incur the loss of 30 billion dollars in farmland and housing infrastructures (business-as-usual scenario) (El Raey, 2007). 

Apart from the displacement of the populations of low-lying coastal areas to higher altitude areas or the installation of 
efficient coastal protection, which could take between 20 and 30 years, the building and the transport sector are huge 



11-6  
 

area of potential action. 

The construction and transport sectors account for the most significant energy consumption rates in urban environment, 
together with the most GHG emitting sectors. 

The construction sector (residential and tertiary) holds a quite high potential of energy efficiency and of recourse to 
renewable energies. Those options in this sector are at same time adaptation and mitigation action (e.g.: better 
insulation of buildings against heat wawe). It justifies to give it a priority. The tapping of this potential is met with two 
major difficulties: the first one involves the stock of new housing units and relates to the difficulty of introduction of the 
known technical solutions in a market characterized by a large portion of self-construction; the second one involves the 
stock of existing and old dwellings—which is quite considerable in the Mediterranean—and relates to the difficulty of 
improving and replicating, on a significant scale, the renovation and rehabilitation techniques.  

The urban transport sector raises more daunting problems than those related to construction. The increase in power 
consumption is quite rapid in the underlying scenarios. In the emissions stabilisation strategies, two main pathways are 
explored: on the travel supply side, this involves the development of public transport networks and modal transfer 
policies; on the travel demand side, the solutions belong in the urban policies combining functional mixes and land cover 
densities, in order to contain urban sprawl. This is admittedly a more difficult course of action, though not the less 
urgent.. 
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INTRODUCTION 

Objectives of the chapter 

This chapter aims at a better understanding of the impact of climate change on the tourism sector 
and on urban areas in the Mediterranean, as well as at considering this issue from a energy-focused 
perspective.  

 

It does not purport to be exhaustive with regard to the topics addressed. What it rather seeks to do 
is to offer pathways of reflection on the vulnerabilities and the possibilities of action based on the 
experiences accruing in some Mediterranean cities or countries and on analyses of the situation of 
the tourism sector in certain countries of the region.    

 

Information sources 

This chapter draws, in part, upon the information disseminated during the two roundtables (one on 
cities, the other on tourism) organised by Plan Bleu at ENERGAIA, on 6 and 7 December 2007, 
which offered an opportunity to present the experiences and the reflections obtaining in some 
countries of the region (Egypt, France, Morocco, Turkey). It also draws upon the recent works 
conducted by Plan Bleu (cf. References), as well as upon the relevant available literature.  

 

Contents of the chapter   

This chapter is divided into two sections. The first section offers an overview of the situation of 
urban areas, while the second focuses on the tourism sector. They present the vulnerability  of these 
areas and of this sector to climate change and highlight the twofold nature of these issues when 
considered from the energy perspective (mitigation versus adaptation).  
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I. TOURISM AND CLIMATE CHANGE 

The Mediterranean countries are set to be soon faced with difficulties related to climate change, 
characterized by an increase in temperature, a reduction in rainfall, a rise in sea level and a greater 
occurrence of extreme events.  

 Tourism is one of the sectors most exposed to the climate. The economic losses anticipated for the 
region will thus be all the higher as this activity has a significant weight in the aggregate income of 
most of the economies of the Mediterranean region. 

However, the relation between climate and tourism is complex and remains difficult to grasp. It calls 
for special attention insofar as it relates to an activity sector being at once highly vulnerable and a 
major GHG emitter.  

In this regard, the issue to be addressed is necessarily dual: it involves the aspect related to the 
impact of tourism on climate change, which refers to the stakes pertaining to the reduction of GHG 
emissions, and the aspect related to the impact of climate change on tourism, which refers to the 
stakes pertaining to vulnerability and adaptation. However, these two aspects of the issue of 
"tourism and climate change" are partly interrelated, with the mechanisms of adaptation to climate 
change being also likely to be CO2 emissions saving.  

After briefly recalling the importance of tourism in the Mediterranean, we will see the extent to 
which the evolution of this sector follows a non sustainable trend in this region, particularly in view 
of the adverse impacts it generates in terms of GHG emissions, as well as in view of the loss of 
attractiveness of the region owing to climate variability. This will help us to highlight the need for 
the enforcement of adaptation measures likely to generate net social benefits, even if the climate 
variability proves to be different from that which was anticipated (‘no-regrets policies’), and which 
could be compatible with the mitigation objectives. We will propose, in this regard, pathways of 
reflection concerning the main action levers likely to help address the twofold issue of tourism and 
climate change. 

1. TOURISM AND CLIMATE CHANGE: WHAT LINKS ?  

1.1. Tourism: A major activity in the Mediterranean  

Tourism, both national and international, is a major activity for most of the 21 countries of the 
Mediterranean basin. Indeed, they receive over 30% of international tourism, which represents a 
major source of foreign currency (Figure 7). The growth of this sector has ranged since the 
beginning of the present decade between 3 and 4% per year. In Turkey, for instance, this amounted 
to 17 billion dollars of earnings in 2006. In this same country, 20% of exports, on average, are 
generated by tourism which employs 3 million people (Tosun, 2007). 
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Figure 1 – International tourism receipts and their importance fot the GNP in 2005 

 
Source : OMT / WTO, Compendium 1980-1983 à / to 2007 ; OMT / WTO Fait saillants du tourisme, édition 2007 ; Plan Bleu 
 
The most attractive countries of the Southern and Eastern rims of the Mediterranean are Turkey, 
Egypt, Tunisia and Morocco, which received in 2005 respectively 20, 8.2, 6.4 and 5.8 million 
international tourists. This phenomenon is set to intensify in the coming years, since—for the 
countries of the basin as a whole—, the projections for the time frame 2025 highlight a significant 
increase in international tourist entries, especially in the countries which are currently among the 
region’s least attractive ones (Plan Bleu, 2005) (Figure 2).  

Figure 2 – International tourism entries in 2025  

 
Source : OMT, Plan Bleu 
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1.2. … which contributes to climate change … 

The development of tourism follows today a trend that is fraught with adverse environmental 
impacts of several orders: degradation of the ecosystems, wastage of water resources, and—above 
all—an increase in GHG emissions. 

On the latter point, it is proven that the contribution of tourism to global CO2 emissions is about 
5%, of which three quarters must be ascribed to transport (Céron, 2007). The continuation of the 
trends observed (business-as-usual scenario) reveals that the growth of tourism could generate GHG 
emissions likely to reach 152% by 2035 (Céron, 2007), thus playing a major role in the aggravation 
of climate change, itself causing, in fine, great economic losses in this sector. 

1.3. … and which bears (will bear) the brunt of its adverse impacts  

The impacts of climate change on tourism may be divided into four types (Billé, 2007; Ceron, 2007): 

• direct climate impacts: increased variability of  the climate, hence more difficult conditions for the 
exercise of  the activity; change in comfort, health and safety conditions; extreme events (storms, 
floods, heat waves, etc). Local "improvements" are not to be excluded: lower rainfall, extension 
of  the summer period;  

• indirect impacts via environmental change. For instance, a reduction in availability of  the water 
resource—especially in the summer—is envisioned in several Mediterranean areas and may have 
varied impacts on the tourism sector through problems of  access to drinking water, water 
activities, alteration of  attractive natural and agricultural landscape. The expected rise of  sea level, 
associated with other natural phenomena, or ones of  anthropogenic origin, also constitutes a 
threat to a number of  coastal tourism resources, ranging from infrastructures to beaches;  

• indirect impacts of  emission mitigation policies, in particular on transport costs and features. 
According to the objectives to be set by our societies and the measures which they will take in the 
years to come, these impacts could prove to be largely higher for tourism than those due to 
climate change itself;  

• the consequences of  the global impacts of  climate change on the societies: way of  life, economic 
growth, political stability, etc. Herein lie the greatest uncertainties and the most complex 
interrelationships, tourism being dependent on numerous other sectors.   

• In combination, these four types of  impact contribute towards putting into question the 
attractiveness of  the destinations. In the Mediterranean, where the main tourist flow currently 
goes from Northern Europe to the Mediterranean basin, the possible impacts on the destinations 
are numerous (Table 1).  
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Table 1 - Expected impacts of climate change on Mediterranean tourism destinations 

 
In Turkey, for instance, 42% of the total flows take place during the summer months (Tosun, 2007). 
However, several climate scenarios predict summer temperatures above 40° in the years to come. 
The impacts of the climate on the environment and on society would increase considerably and 
would induce a loss of attractiveness of the country in matter of tourism. Over the longer term, this 
situation could be worsened by the rise in sea level which would entail losses of tourism 
accommodation facilities and equipment. Besides, currently reputed beaches would be inundated. 
The future loss of tourists in Turkey in the summer period is estimated on average as 45% within 
the thirty coming years compared with today.  

More generally, to each of the four types of impacts there correspond several forms of  
vulnerability—varying according to the areas and the tourism practices—and which call for the 
following elements of reflection: 

• For the direct impacts of  climate change, the identification of  the "hot spots of  tourism and 
climate change" on global level cross-compiles the WTO figures of  tourist flows and the IPCC 
analyses on climate change. The Northern and Eastern Mediterranean rims stand out, especially 
in view of  the forecasts of  increased frequency of  droughts and heat waves: these hot spots are 
particularly vulnerable to direct climate impacts.  

• The vulnerability to the indirect impacts of  a climate change is multidimensional, but—quite 
obviously—low lying coastal areas are particularly exposed. In Tunisia, for instance, where 90% 
of  the accommodation capacity is located on the coast, the Gulf  of  Gabès seems to be quite 
vulnerable. The same applies to the Mediterranean coast of  Egypt, where domestic tourism 
reports a rapid development.  

•  The average tourist is a great consumer of  resources: he consumes in particular much water 
(food, bath, swimming pool, cleaning, garden, golf  course, etc), and this, in seasons of  little 
availability. Tourism thus competes with local uses (household consumption, agriculture, industry, 
etc), adding to the vulnerability of  the area where it is established—and, hence, its own area. In 
Turkey, for instance, the daily consumption in the tourism industry amounts, on average, to 400 
litres of  water per person, while the country’s residents use only 70 litres of  it (Tosun, 2007). 
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2. IDENTIFICATION OF ADAPTATION ACTIONS 

2.1. What possible « sustainable » adaptations? 

To promote sustainable tourism in the Mediterranean in a context of climate change, several 
adaptation measures may be envisioned. To date, there is hardly any country in the region that  
anticipates the impacts of climate change on tourism and that takes measures to mitigate the future 
costs related thereto. It is worth pointing out, however, that tourism in the Mediterranean is at 
present (therefore, in a non climate change context) very scarcely responsive to the criteria of 
sustainable development, as attested by the guidance and actions recommended by the 
Mediterranean Strategy for Sustainable Development (MSSD). Consequently, the riparian countries 
are faced with a twofold challenge: (i) regulate and direct the tourism activity towards a greater 
sustainability (economic, societal and environmental), while seeking simultaneously (ii) to anticipate 
the impacts of climate change and take measures to mitigate the costs related thereto. The task is 
gargantuan.  

In terms of adaptation, the tourists themselves will probably reconsider the choice of their 
destination as the climate conditions deteriorate in the Mediterranean destinations.   

Among travel agents, the adaptation will also probably require the choice of new destinations for the 
offer of tourism travel and holidays.   

However, the shift of the tourism activity to less exposed zones is not always possible, in particular 
for the small local operators strongly attached to a given location. Accordingly, in the countries 
concerned by a change in climate conditions causing tourism stays to be uncomfortable (for 
example, with temperatures above 40°), many small and medium-sized enterprises (SMEs) of the 
hotel sector, as well as all tourism related activities (catering, leisure, etc), could incur significant 
losses, likely to have an impact on the economy as a whole (Ceron, 2007). To mitigate such losses, it 
seems necessary to anticipate the future impacts within the current investments, which requires 
climate information that is not always available (vulnerability maps). (Billé, 2007).    

The environmental management of tourism facilities, with the involvement of the tourists (e.g.: 
water and energy saving, rainwater collection systems, reuse of treated wastewater, adapted design 
and architecture), based on incentive financial measures, constitutes an adaptation measure that 
could be envisioned by the countries. However, so that these  measures can be accepted by the 
operators, they should subsequently generate operation saving.  

The diversification of the tourism offer in the Mediterranean is equally promising in a context of 
climate change. Seaside tourism (sun, sand and sea)—being dominant in the Mediterranean—is 
particularly vulnerable to climate change (coastal erosion and rise in sea level). The stake is, 
therefore, not only to develop less climate sensitive activities or, in any case, activities with 
differentiated climate sensitivities, but also less resource demanding activities (Billé, 2007).  

The reduction of seasonality, via a better distribution of tourist arrivals throughout the year, 
constitutes another adaptation measure, helping avoid, for instance, the heat wave periods of the 
summer season.  

Yet, a sustainable development scenario requires, at the same time, maintaining tourism, mitigating 
the vulnerability of the countries to the climate, as well a reducing GHG emissions.  
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2.2. Which options for emission reduction scenarios for the time frame 
2035?  

On global level, two major options for 30-year scenarios have been considered:  

• a high technology option with energy efficiency gains of  50% for aircraft and of  2% for the 
other sectors; 

• an option combining modal transfer and increase of  stay period, with a boost of  train and bus 
transport by 2.4% to 5% per year and an increase in stay time by 0.5% per year. 

For the time frame 2035, the “Technological Efficiency” scenario, compared with the “business-as-
usual” scenario, offers a reduction of emissions of 36%; on the other hand, the “Modal transfer and 
length of stay” scenario reduces emissions by 43%. The scenario  combining both options allows, 
therefore, a large scale reduction (68%) in such a way that the emissions would range within a level 
less than that of 2005 (Figure 1) (Céron, Dubois, 2008)  

Figure 3 - Tourism emissions scenarios for the time frame 2035 

 
Source : Céron, Dubois, 2008 

2.3. A few possible action levers ? 

In order to achieve these objectives, several action levers could be put to the task. Rather, it would 
be more judicious to speak of a combination of levers to be activated simultaneously, the objective 
being twofold (to adapt and to reduce emissions) and the tourism sector being completely cross-
cutting. 
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Even though the contribution of technology remains limited, the gains generated by technical 
progress are not to be neglected, especially with regard to the energy efficiency of the means of 
transport and of construction.   

Moreover, the State can contribute to financing the infrastructures necessary to allow limited 
recourse to air transport (financing railroads, for instance…); train and bus being the means of 
transport to be granted precedence, such as illustrated by the case of France (Table 2). 

Table 2- GHG emissions and distances covered according to the various modes of transport in France 

 
Source. Direction des études économiques et de l’évaluation environnementale, (Department of Economic Studies and Environmental Assessment) 
02/ 2008 
 
In the Mediterranean, arrivals of international tourists by rail reported a decrease by 6 to 4% over 
the period 1988-2005, while those by air increased from 23 to 40% (Figure 4). The reduction of 
GHG emissions due to tourism undoubtedly requires reversing this trend. The improvement of the 
energy efficiency of road transport (public and individual) also remains a worthwhile course of 
action in matter of reduction of GHG emissions, the road being still the most used transport mode 
(52%) in 2005.   

Figure 4 - Arrivals of international tourists in the Mediterranean countries by transport mode 

Source : WTO ; Plan Bleu 2008 
 
A highly effective action lever would lie in price level (Fotiou, 2007). Tourism gives rise to negative 
externalities: it produces GHG emissions likely to impact the climate, the ecosystem, people’s health, 
as well as cause degradation to the environment and society. If these externalities were factored by 
the market prices, investor decision-making and consumer behaviour would become more in line 
with the objectives of sustainable development. This is why it is important that tourists should pay 
for the damage due to them. That would make it possible, on the one hand, to finance the repairs 
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and would, on the other hand, serve as an incentive system towards limiting emissions and 
degradations. It would be possible, in this regard, to consider the introduction of high and dissuasive 
air taxes, for instance.  

Another key point—likely to make the countries aware of the problems caused by tourism and to 
induce them to adopt preventive and adaptation measures—consists in reducing the information 
asymmetries (Fotiou, 2007). Indeed, the anticipated costs must be known by all people, in all the 
countries, in order to help them channel their decisions in an optimal way.   

Moreover, more precise information is necessary: a step must be taken to move from the climate, as 
a broad concept, to "what the weather is like", i.e. to translate the models output parameters 
(rainfall, mean and maximum temperatures) into indicators that are closer to what is felt by the 
tourists in order to effect a change in the decisions of both tourists and operators. This requires a 
reinforcement of research and a scientific extension effort (Céron, 2007).  

Lastly, to help this scenario materialise requires a change in the mindset, in the travel culture, of the 
future generations. Tourists might prefer activities closer to their home, which is likely to be induced 
via an improvement of the living environment (Céron, 2007). Departures would be less frequent and 
stays would be longer, and it would be possible to compensate for this reduced mobility by an 
increase in proximity trips.    
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II. URBAN AREAS, ENERGY AND CLIMATE CHANGE 

Grasping climate change issues requires an appreciation of the local impacts of global changes, with 
significant regional differentiations and complex retroactions. 

Cities and urban areas are, quite rightly, considered as sites of high carbon dioxide emissions into the 
atmosphere (housing and buildings, transport, industry). At the same time, climate change brings a 
“natural” risk dimension to bear on cities. Their future, thus, constitutes a major stake. 

1. URBAN AREA AND CLIMATE CHANGE: WHAT LINK?  

1.1. An increasingly urban population 

In the whole of the twenty one riparian countries of the Mediterranean, the urban population—
living in conurbations of over 10 000 inhabitants—passed from 94 million in 1950 (44 % of the 
population) to 274 million in 2000 (64 %). The Northern Mediterranean Countries (NMCs) today 
report quite moderate growth patterns (0.7 % for 1970-2000) which are set to continue into the 
future, while the Southern and Eastern Mediterranean Countries (SEMCs) report an accelerated 
urbanization (3.6 % for 1970-2000) which poses huge challenges in terms of sustainable 
development.  

By 2025, the urban population is likely to exceed 243 million in the SEMCs (145 million in 2000) 
and to be in the order of 135 million in the NMCs (129 million in 2000). A sizeable third of this 
growth will take place in Mediterranean coastal areas (Plan Bleu, 2005).  

With the urbanization and the fall in fertility reported in the SEMCs, the family pattern changes, the 
size of the households is reduced, the number of households increases at a higher pace than that of 
demographic growth, and demand on housing becomes more massive. For example, the housing 
deficit stands at 1 million in Morocco, and the additional needs are estimated as between 100 000 
and 125 000 housing units per year (Guerida, 2007).  
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Figure 5 – Population in Mediterranean cities  

 
Source Source : Plan Bleu, after Géopolis 1998 and UN Population Division. World Urbanization Prospects: The 2005 Revision   

 
In the coastal areas, the population is likely to reach 174 million inhabitants by 2025 (143 million in 
2000), of which 90 million in coastal cities. To these, there must be added the seasonal tourist flows, 
which can double up the number of inhabitants on the coastline during the peak periods. These 
demographic and tourism trends induce a high growth of infrastructures and equipment on the 
coastline, thus translating, in fine, into an increasing artificialisation of the coasts and a more acute 
vulnerability of the ecosystems and coastline landscapes (Plan Bleu, 2005). 

1.2. Vulnerability of urban areas and adaptation to climate change 

The impacts of climate change on urban areas and the constructed space relate mainly to 
temperature increases, extreme hydro-meteorological events and sea level rises.   

Owing to the very nature of the urban structure, local warming is more exacerbated in the city than 
in the surrounding country. Heat waves are more marked there, being intensified by the reduced 
area of green spaces and the low evapotranspiration of the vegetation, with dreadful impacts on 
health, the economy and the environment: increased mortality among the vulnerable population 
groups (old people), reduction in the comfort of city-dwellers and their productivity—as well as that 
of the urban economy—, peaks of demand on the installation of air-conditioning and peaks of 
power consumption, with an increase in global warming. In 2003, the heat wave that had struck 
Europe claimed a toll of over 30 000 deaths; in the future, the impacts of very hot summers and 
more frequent heat waves will be heavy in the Mediterranean cities.  

The climate models predict a substantial increase in urban vulnerability to hydro-meteorological 
disasters. In the Mediterranean, the unregulated, high-density housing areas, are particularly exposed 
to extreme events (floods, landslides) whose frequency and intensity are likely to increase in the 
future. Between 1975 and 2001, out of 480 extreme events which had occurred in the 
Mediterranean, the countries reporting the heaviest toll in terms of victims were Turkey, Italy, 
Algeria, Greece and Egypt. Catastrophic floods attendant upon violent rainfall, and further 
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aggravated by deforestation and construction on slopes, constitute a major risk for a great number 
of Mediterranean cities in Spain, France, Italy, Algeria, etc. The floods that struck Algiers in 2001 
(920 dead, 50 000 disaster victims) and other very fatal disasters of the same type, regularly highlight 
the deficient application of town planning and construction rules, thus accentuating the vulnerability 
of cities (Plan Bleu, 2005).  

Cities located in very low-lying coastal areas and in delta zones will have to contend with the rise in 
sea level  (Figure 2). A rise in sea level by 1 metre1 would affect 6% and 10% of the total population 
in Tunisia and in Egypt, respectively (Figure 6). More significant exposures of the infrastructures to 
the action of the waves (erosion) and coastal storms are among the most serious impacts.  

In Egypt, the financial impact could claim as much as 7% of GDP—loss of 13% of farmland, loss 
of habitat, biodiversity and water resources, as well as adverse impacts on health (Figure 7). The city 
of Alexandria, but also the cities of Rosetta and Port Saïd, are particularly vulnerable: a rise in sea 
level by 50 cm is likely to entail the loss of 200 000 jobs and incur the loss of 30 billion dollars in 
farmland and housing infrastructures (business-as-usual scenario)  (El Raey, 2007).   

As regards adaptation, the displacement of the populations of low-lying coastal areas to higher 
altitude areas is considered, but the implementation of such an alternative would be quite difficult. 
Another possibility is the installation of efficient coastal protection, which could take between 20 
and 30 years. All things considered, it is necessary that adaptation should become a priority for the 
public authorities as of now, so that it can make a difference tomorrow.  

Figure 6 - Impact of sea level rise in the Mediterranean 

 

                                                      
1 It is worth pointing out, however, that the climate models predict a rise in sea level, on certain banks, ranging between 30 and 60 cm for the 
time frame 2100 and that knowledge on the matter for the Mediterranean is still quite incomplete. For further details, cf. Chapter 1 of Part 1.  
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Figure 7 - Impact of sea level rise on the population of the countries of the MENA region 

 
Source. El Raey, 2007 
 

Figure 8 - Cost of sea level rise in the countries of the MENA region (in % of GDP) 

 
Source. El Rey, 2007 

2. IDENTIFICATION OF ACTION FOR ADAPTATION 

2.1. Energy saving and strategies of mitigation of climate change 

Energy is consumed mainly in the cities. There is a lack of data to quantify this consumption, but it 
is known that, in the Northern Mediterranean Countries (NMCs), the growth of final energy 
consumption is due, above all, to the transport sector, which accounted for about a third of the total 
in 2005, as against approximately 20 % in 1970. In the Southern and Eastern Mediterranean 
Countries (SEMCs), it is the residential/ tertiary sector which ranks first in the consumption list 
(nearly 40 %) and which currently reports spectacular increase (annual growth by about 5 % 
between 1971 and 2005).   

On global level, the cities generate approximately 75% of GHG emissions. The most significant 
consumption in urban areas is due to buildings and transport, two of the highest GHG emitting 
sectors. 
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Transport is the key sector when it comes to reducing the consumption of fossil energies and 
reducing GHG emissions. Nevertheless, effecting a medium-term change in this regard is deemed to 
be more difficult than in buildings. The building sector has a potential of energy saving considered 
to be also quite significant; it is the sector where such saving becomes the more accessible in the 
medium term.2    

2.2. Building, a sector with a high energy saving potential  

The building sector is a heavyweight energy consumer. In Europe, it represents the top sector in the 
consumption of electricity, and ranks second in the consumption of fossil energies (after transport).  

The energy consumption of buildings—residential, administrative and commercial—depends mainly 
on the features of the natural environment. The energy needs of buildings can be reduced by a well 
insulated construction, designed according to the rules of bio-climatic architecture. The historical 
sites of Rome, Venice, Florence, Athens, Barcelona, Marseilles, Istanbul, or the medina of Arab 
cities, offer examples of the "bio-climatic" city whose construction had been guided by a concern to 
save energy and by architectural principles that are now freshly capitalised, such as:  

• orientation chosen to capture the sun in the winter and to reduce heat inflows in the summer; 

• insulation of  walls and roofs, reduction of  heat losses; 

• minimising the need for cooling (ventilation, outside shade, colours, solar protection of  window 
panes, walls and roofs); 

• inside lighting, taking into account the specific luminosity in the Mediterranean. 

With the massive use of fossil energies, it is the glass and steel skyscraper international 
architecture—nonviable without air conditioning or heating—that has developed everywhere, 
including on the rims of the Mediterranean. The very recent, planet-wide ecological concerns induce 
a return to the principles of bio-climatic architecture, whose potential can be scaled up in the wake 
of current technologies.  

As regards heat insulation and lighting, dedicated technical solutions are available to reduce the 
energy consumption of buildings: preliminary sunshine study, use of available solar energy (under 
the form of light or of heat) while avoiding summer overheating, heat insulation, night ventilation…, 
for the stock of new housing units. The difficulty lies in building such housing units at a cost (or 
with a financing) accessible and at a sufficiently substantial pace so that the results can be significant 
in energy terms.   

In the Mediterranean, considering that 30 to 60 % of the housing stock in the cities of the SEMCs 
(as well as in the cities of the EACs (Eastern Adriatic Countries)) belongs in the unregulated housing 
sector, the problem lies in the ways of promoting the penetration or the reintroduction of the 
techniques of bio-climatic architecture in the construction market, which also requires a proper 
grasp over the socio-economic processes that govern such a market, both formal and informal. In 
Morocco, for instance, 80 % of house building is done via self-construction; significant programmes 
of energy efficiency and building promotion have recently been set up (box 1). 

                                                      
2 Besides, the development of new energies and of energy efficiency can be regarded as an economic opportunity and can generate many new 
jobs, in particular in the buildings sector.   
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box 1 - Buildings, energy efficiency and urban upgrading in Morocco   

Morocco is in process of implementing a energy efficiency programme in buildings (programme of the Ministry of Housing, 
Ministry of Tourism, Ministry of Health and Ministry of National Education) based on thermal regulations involving 
architectural design, construction materials and electro-mechanical systems (e.g.: air-conditioning or heating, 
specifications approach). This initiative belongs within the framework of a national programme assigned an objective of 10 
% renewable energy use for the time frame 2012. 

In order to meet the objectives of urban development and housing needs, a programme to promote the construction sector 
has been set up: 100 000 new housing units were put on offer in 2005, as against 30 to 40 000 on average as of 2002. For 
the five coming years, the programme envisions to reach 150 000 to 200 000 new housing units per year, a necessary 
objective to meet the demand.  

Besides, a urban upgrading programme dedicated to the elimination of shantytowns involves about 750 000 households and 
a similar number of housing units in state of disrepair, generally in major cities. Finally, the country needs to lay down a 
new town planning code which would identify the areas to be set out for urbanisation. 

As for the existing housing units and the old buildings (their portion is difficult to quantify3) 
however, the restoration and renovation will require considerable efforts to make dedicated 
products available to the reconstruction market. In view of the size of the stock of existing buildings 
in the Mediterranean and the low level of their energy performance, the project of the Institut du 
Bâtiment Méditerranéen - IB Med (cf. networks list in References below), dedicated to enhancing 
rehabilitation practices, stands as a promising initiative.   

"Solar hot water" also presents a significant potential of reduction of energy consumption in the 
Mediterranean region. Although much progress remains to be achieved in this regard, several 
riparian countries are already tapping these energy solutions. Programmes have been initiated in 
Morocco4 (Figure 9) and in Tunisia to promote the solar water heating market. In Turkey, Greece 
and Cyprus, the roofs of city buildings are often used for this type of installations.   

Figure 9 - Installation of solar water heaters in Morocco (in m²) 

 
Source. Berdaï, 2007 
 
The actions implemented remain, however, quite limited in view of the opportunities offered by the 
region’s exceptional sunshine. Besides, in the Southern and Eastern Mediterranean Countries 
(SEMCs), the initiatives generally rest with the public authorities on national level and not with the 
cities themselves, owing to the latter’s low administrative, and especially technical and financial, 
capacities.   

On the northern rim of the Mediterranean, the conurbation of Montpellier provides an example of a 
more thought-out attempt at energy efficiency (Box 2) and urbanization, with the set up of a "eco-
quarter" characterized by an efficient management of energy, water, waste and development of 
public transport. 

                                                      
3 Concerning France, 2/3 of the existing housing units were built before 1974, that is prior to any prescription related to energy performance.  
4 Morocco also boasts a success story as regards photovoltaic solar energy in rural environment and the conservation of the firewood 
resource. The energy efficiency programme in buildings is set to foster decentralised penetration of renewable energies in cities.  
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box 2 - The experience of the conurbation of Montpellier (Hérault), 470 000 inhabitants 

In 1985, the creation of a energy service, now comprising 21 employees, allowed the inception of a energy efficiency 
programme: 

• Engineering consultancy for the design of energy installations (3 persons),  

• Maintenance service for operation and control of the 311 boiler rooms (16 persons), 

• Energy management service for monitoring consumption and bills, as well as for pricing optimisation (2 persons).  

“Town-planned” Montpellier  

A strong political will to restore urbanisation balance in Montpellier was marked by: 

• Creation of the Antigone and Port-Marianne districts, near the town centre, in order to bring housing sites closer to the 
workplace.  

• Fitting out a large pedestrian area in the town centre, in order to significantly reduce car traffic.  

• Creation of 54 km of cycle tracks.  

• Laying, in 2000, a first tramway line of 15 km.  

• Besides, a deployment agreement with EDF-GDF (Electricity Utility + Gas Utility) on the Port-Marianne district 
promotes the use of natural gas as a substitute for electric heating.  

• Creation of a “eco-quarter”. 

“Productive and distributive” Montpellier 

• Distribution of heat (50 000 MWh) and cold (18 000 MWh) via the heating and cooling Montpellier network (RMCC), 
regulated by a mixed-economy company of the city of Montpellier (SERM).  

• Use of Cévennes coal and of natural gas in the RMCC.  

• Setting up, in autumn 1996, a natural-gas-fired co-generation plant onto the RMCC. 

• Equipment of public buildings with photovoltaic and solar thermal (in 2005, installation de 1600 m² de captors 
producing 129 000 kW). 

• Extraction of  biogas from the old land fills for over 25 years, which is made use of on site. 

“Consumer” Montpellier 

Municipal buildings: 

• Consistency between the design of buildings, the operation of the energy installations and the management of energy 
expenditure, in order to ensure best overall cost.  

• Actions for the control of power demand.  

• Remote management of boiler rooms.  

Street lighting:  

• - Modernisation of the 17 000 lighting points by high-output appliances.  

Energy management:  

• - Pricing optimisation on a yearly basis.  

• - In-house: memoranda to raise awareness among municipal staff as to the need for heating and power saving in 
buildings, as well as for better design of energy installations during the rehabilitation or the construction of municipal 
equipment.  

• - Outreach: information on the actions of the city of Montpellier in matter of energy saving, on the stakes of energy 
efficiency, and on pricing optimisation of EDF (Electricity Utility) subscriptions. 

Results and projects:  

On the whole, between 1985 (date of establishment of the energy service) and 1999, energy efficiency actions helped cut 
down by 53.5 % the energy bill of municipal buildings. Since 2005, the return on the investment made in this field has been 
of 64 000 euros per year.  To these, there must be added the earnings obtaining from the recycling of wastes (35 000 euros 
per year). A programme with an amount of 2 million euros has been incepted with a view to equipping both old and new 
buildings with 3200 m² of heat or photovoltaic captors allowing the production of 590 000 kW of heat or electricity based 
on avoiding the disposal of 100 tons of carbon dioxide. 

Objective: Reduction by 20% of energy consumption on current or future equipments.    

Source: J. P. Mourre, 2007  and information derived from http://www.sortirdunucleaire.org/   
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2.3. Transport and land use 

The future of the energy consumptions of the transport sector is a greater cause for concern; their 
increase seems to be more rapid in the underlying scenarios. The determining factors are more 
difficult to impact by public policies.   

On a global level, between 1990 and 2004, CO2 emissions of the transport sector increased by 36.5 
%; the growth of the emissions due to road transport stood at 29 % in industrialized countries and 
61 % in transition economies and developing countries. Three quarters of the emissions (76 %) are 
generated by road transport, in particular cars, commercial vehicles, light vans (GTZ 2007, 
according to IEA 2006), but figures are still lacking to show the relative share of urban transport in 
this total.  

Three courses of action are nowadays explored to reduce CO2 emissions due to transport. The first 
two aim at making the urban transport offer more environment friendly; their impact on the 
reduction of emissions depends on the following factors: number of vehicles, level of congestion, 
driver behaviour (speeds), state of the vehicle fleet, type of fuel.  

The improvement of the energy efficiency of vehicles and the shift to less carbonaceous fuels are 
conducive to a reduction of local air pollution (cf. the Egyptian policy of conversion of the vehicle 
fleet to natural gas). In spite of their interest, these are so-called "end of the pipe" policies; all studies 
concur to the fact that they will not be enough to achieve the goals of stabilization of GHG 
emissions.  

The second course of action, that of modal transfer to less polluting modes, requires vigorous 
policies of development of public transport (infrastructures of mass transport, subsidies to 
operation…), together with concurrent measures aimed at limiting the use of the private car (paying 
parking in the city centre, urban toll…). 

 In the Mediterranean, tram construction and projects, for instance, have multiplied over the past 
few years (Alicante, Valencia, Barcelona, Montpellier, Marseilles, Nice, Rome, Naples, Palermo, 
Athens, Cairo, Tunis, Algiers, Constantine, Oran, Rabat…), with some examples of reduction in 
congestion, in energy consumption and in polluting emissions in the central areas of cities. However, 
problems of traffic outside of the city centre have worsened.  

Lastly, as the development of mass transport can cause urban sprawl and increase the use of the car 
on the outskirts of cities, the third type of measures aims at cutting down the demand on motorized 
travel, by acting on the urban structure, on the space organization of cities, the latter exerting a 
strong influence on the travel demand and energy consumption of the transport  sector. This 
consists particularly in control over urban sprawl and on the transport demand via cross-planning of 
the city and transport, by preserving compact urban structures and by organizing the city in such a 
way as to generate less travel, especially of the motorized type.5 In other words, it consists in 
pursuing the "city of short distances". 

The actions in this field involve the very long term future; this, accordingly, confers upon them a 
certain urgency. Yet, they are very difficult to implement, as the urban structure is largely governed 
by the operation of powerful land property and real estate markets. Nevertheless, it is possible to 
somewhat induce a shift in trends based on development and town planning schemes (urbanization 
areas, functional mixes, land use density), alongside with the activation of inner city housing.    

                                                      
5 The cross-planning of the city and transport has recently been introduced in industrialized countries (The Netherlands, Great Britain, 
Norway…) and in developing countries (Brazil, Singapore…) in order to contain the excessive use of the car. Emphasis is laid on densifying the 
urban fabric, in particular around public transport stations and connection points.  
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2.4. Pathways of reflection for further consideration 

The southern Mediterranean countries experience an accelerated urbanisation (74% of the 
population of the SEMCS would be urban by 2025). This first section has addressed the anticipated 
impacts of climate change on urban areas and highlighted their increasing vulnerability to global 
warming, extreme hydro-meteorological events and sea level rises.  

The strategies of adaptation to climate change and those aimed at mitigation have been considered 
in view of their more or less great difficulty of implementation.  

With the large-scale demand on housing in the southern Mediterranean, the construction sector 
(residential and tertiary) offers a very high energy saving potential. Technical solutions are known 
enough to allow hope for some progress in the medium term. The major difficulties are two-
pronged:   

• on the one hand, how to foster the penetration or reintroduction of  the technical solutions in the 
market of  new housing when between 30 and 60 % of  the housing stock of  the cities of  the 
Southern and Eastern Mediterranean Countries (SEMCs) (and also of  the Eastern Adriatic 
Countries (EACs)) belongs in the unregulated and self-construction housing types;  

• on the other hand, considering the sizeable stock of  existing and old buildings in the 
Mediterranean, how to improve and extend renovation and rehabilitation practices to achieve 
significant energy objectives. 

In the urban transport sector, two major courses of action for progress have been mentioned. The 
first one consists of:  

• actions on the urban transport supply side, in order to mitigate impacts on the local and global 
environment, particularly via public transport and modal transfer promotion policies;   

• policies aimed at acting on the travel demand at source, via a space organisation of  the city which 
generates less travel; these are solutions in terms of  urban policies, combining functional mixes 
and densities in order to contain urban sprawl. 

The second course of  action is certainly the more difficult, as the determining factors of  demand 
are too complex to be influenced by public policies. This course of  action is, nonetheless, 
inescapable if  the prevailing trends are to be inverted. Both reflection and action in this regard are 
all the more urgent. 
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A few professional networks and projects  

Energie Cités. Counting not less than 150 members from 24 countries, representing over 500 cities, Energie-Cités is 
the association of European local government for a sustainable local energy policy.  

MEDENER. Association of national energy efficiency agencies of Mediterranean countries. 

UMAR (Union of Mediterranean Architects). Founded in 1994 in Rabat, UMAR gathers the national organisations 
representative of the architects of the Mediterranean basin riparian countries: 18 countries from around the 
Mediterranean are represented in it. UMAR has signed a partnership agreement with the international association 
SD-MED (Association for cooperation in development and sustainable construction in the Mediterranean). 

IB Med. The Provence Alpes Côte d’Azur Region (France) launched, in late 2006, a pre-feasibility study with a view to 
creating a Mediterranean Building Institute. The project is supported by seven organisations (PUCA, ANAH, 
ADEME, Caisse des Dépôts et Consignations (Deposits and Consignments Fund), UMAR). A IB Med call for 
projects was launched in order to complement the body of available knowledge in the field of housing and town 
planning in Mediterranean areas, as well as to facilitate the mainstreaming of sustainable development objectives in 
buildings and urban land use planning projects. In view of the sizeable stock of existing buildings and of their poor 
energy performance, the option selected was to focus on improving the rehabilitation practices. 

EnviroBAT. The EnviroBAT - Méditerranée association aims to promote and enhance the environmental quality of 
building and land use planning operations in the Mediterranean region.  

Supported by the PACA (Provence Alpes Côte d’Azur) Region and ADEME, it groups the actors of the entire land use 
planning – building sector: project owners, local government, architects, consultancies, professionals, contractors, 
landscape architects, town planners ... 

MED-ENEC. Mediterranean project of energy efficiency and the use of solar energy in the building sector in the 
Mediterranean.     

 




