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Climate change and interconnected risks to
sustainable development in the Mediterranean
Wolfgang Cramer1*, Joël Guiot2, Marianela Fader3, Joaquim Garrabou4,5, Jean-Pierre Gattuso6,7,
Ana Iglesias8, Manfred A. Lange9, Piero Lionello10,11, Maria Carmen Llasat12, Shlomit Paz13,
Josep Peñuelas14,15, Maria Snoussi16, Andrea Toreti17, Michael N. Tsimplis18 and Elena Xoplaki19
Recent accelerated climate change has exacerbated existing environmental problems in the Mediterranean Basin that are
caused by the combination of changes in land use, increasing pollution and declining biodiversity. For five broad and interconnected impact domains (water, ecosystems, food, health and security), current change and future scenarios consistently point
to significant and increasing risks during the coming decades. Policies for the sustainable development of Mediterranean countries need to mitigate these risks and consider adaptation options, but currently lack adequate information — particularly for
the most vulnerable southern Mediterranean societies, where fewer systematic observations schemes and impact models are
based. A dedicated effort to synthesize existing scientific knowledge across disciplines is underway and aims to provide a better understanding of the combined risks posed.

I

n the Mediterranean Basin, human society and the natural environment have co-evolved over several millennia, experiencing
significant climatic variations and laying the ground for diverse
and culturally rich communities. The region currently lies in a
transition zone between mid-latitude and sub-tropical atmospheric
circulation regimes. It is characterized by a complex morphology of mountain chains and strong land–sea contrasts, a dense
and growing human population and various environmental pressures. Observed rates of climate change in the Mediterranean Basin
exceed global trends for most variables. Basin-wide, annual mean
temperatures are now 1.4 °C above late-nineteenth-century levels
(Fig. 1), particularly during the summer months. Heat waves now
occur more frequently, and the frequency and intensity of droughts
have increased since 19501–3. For each of the most recent decades,
the surface of the Mediterranean Sea has warmed by around 0.4 °C4.
During the past two decades, sea level has risen by about 3 cm per
decade5 — comparable to global trends, but in part due to decadal
variability related to the North Atlantic Oscillation (NAO). This is
a sharp increase when compared to the period 1945–2000 (of 0.7±
0.2 mm yr−1)6 and to 1970–2006 when it increased to 1.1 mm yr−1
(ref. 7). Mediterranean seawater pH currently decreases by 0.018 to
0.028 pH units per decade8,9.
Future warming in the Mediterranean region is expected to
exceed global rates by 25%, notably with summer warming at a
pace 40% larger than the global mean10. Even for a ‘Paris-compliant’
global warming of 1.5 °C, a 2.2 °C increase in regional daytime
maxima is likely11. This increase is expected to be associated with
more frequent high-temperature events and heatwaves12. In the

eastern Mediterranean, heatwave return periods may change from
once every two years to multiple occurrences per year13. A global
atmospheric temperature increase of 2 °C will probably be accompanied by a reduction in summer precipitation of around 10–15%
in Southern France, Northwestern Spain and the Balkans, and up
to 30% in Turkey and Portugal14. Scenarios with 2–4 °C temperature increases in the 2080s for Southern Europe would imply widespread decreases in precipitation of up to 30% (especially in spring
and summer months) and a switch to a lack of a frost season in the
Balkans15. For each 1 °C of global warming, mean rainfall will probably decrease by about 4% in much of the region10 (Fig. 2), particularly in the south, lengthening dry spells by 7% for average global
warming16 of 1.5 °C. Heavy rainfall events are likely to intensify by
10–20%, in all seasons except summer17,18.
Global sea-level trends, estimated by the IPCC Fifth Assessment
Report (AR5) to be between 52 and 98 cm above present levels by
210019, and between 75 and 190 cm by a semi-empirical model20
will largely influence the Mediterranean Sea through the transport
of water through the Strait of Gibraltar21, although the precise contribution is still uncertain due to a lack of knowledge of specific
processes. Recent studies of Antarctic ice-sheet dynamics indicate
that estimates from process-based models may have to be adjusted
upwards by one metre or more for 210022. In addition, the estimated
uncertainties in global sea-level projections rely heavily on assumptions concerning the degree of interdependence of the various
contributing factors. Model analyses indicate that the difference in
the estimated uncertainty range between 20 cm for Representative
Concentration Pathway RCP4.5 and 67 cm for RCP8.5 scenarios23.
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Fig. 1 | Historic warming of the atmosphere globally and in the Mediterranean Basin. Annual mean air temperature anomalies are shown with respect
to the period 1880–1899, with the Mediterranean Basin (blue) and the globe (green) presented with (light curves) and without (dark curves) smoothing.
Data from http://berkeleyearth.org/

Africa (MENA) has quadrupled between 1960 and 2015, and the
degree of urbanization has risen from 35 to 64% during the same
period30. Agricultural land management is intensifying, particularly through enhanced irrigation — as many southern and eastern land systems seem to have the potential for further increase in
yields, agricultural management is likely to change further31, with
consequences for water resources, biodiversity and landscape functioning. Air and water pollution, despite local improvements from
wastewater treatment, increase as a consequence of growing urbanization, transport and other factors. Political conflicts impact the
environment dramatically and migration pressure continues, affecting resource-poor economies and reducing their capacity to adapt
to environmental change.
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Fig. 2 | Evolution of the Mediterranean regional climate towards warmer
and drier conditions. The trajectory of evolution (red line) describes the
ensemble mean as function of global mean temperature change, indicated
in the red circles. Results are based on an ensemble of 28 CMIP5 global
simulations, each represented by a grey line. All values are anomalies with
respect to the corresponding 1971–2000 mean. Data from ref. 10.

Regional projections of relative sea-level change are more uncertain than global projections because of the reduced skills of global
models and how the interaction between the Atlantic Ocean and
the Mediterranean Sea is taken into account24. For Mediterranean
coasts, regional changes in river runoff, the resultant salinity
changes and significant land movements in the eastern parts of the
basin need to be considered. It has been suggested that in the future
Mediterranean sea-level change will be dominated by global sealevel change, but circulation patterns in the Mediterranean could
still be modified, thus changing the regional sea-level patterns25.
This would induce local differences in sea-surface height of up to
10 cm. In Southern Italy, substantial coastal inundation is expected
by 210026. Significant shoreline modifications are also expected elsewhere, such as in the Balearic Islands27. Globally, CO2 uptake by the
oceans is expected to lead, by 2100, to acidification of 0.15–0.41 pH
units below 1870–1899 levels28 — similar rates must be expected for
the Mediterranean9,29.
The impacts of climate change on people, infrastructure and ecosystems occur in combination with other trends of environmental
change. The population of countries in the Middle East and North

Five interconnected impact domains

The combined risks arising from these forcings can be grouped into
five major interconnected domains: water resources, ecosystems,
food safety and security, health and human security. Impacts and
expected risks differ for each of them. However, the risk posed by
their combination demands further attention. Owing to the limitations in resources, the vulnerability to combined risks is unlikely
to be a sum of the vulnerability to each separate risk. Instead, their
combination may exacerbate the magnitude of the impact or may
produce successive, more frequent stress periods, which the least
resilient countries will find difficult to cope with.
Water resources. Among Mediterranean countries, water resources
are unevenly distributed with critical limitations in the southern
and eastern part of the basin (Fig. 3). Mediterranean societies will
face the double challenge of meeting higher water demands from all
sectors with less available freshwater water resources.
Owing to climate change (enhanced evapotranspiration and
reduced rainfall) alone, fresh water availability is likely to decrease
substantially (by 2–15% for 2 °C of warming), among the largest
decreases in the world32, with significant increases in the length of
meteorological dry spells16,33 and droughts34. River flow will generally be reduced, particularly in the south and the east where water is
in critically short supply15. The median reduction in runoff almost
doubles16 from about 9% (likely range: 4.5–15.5%) at 1.5 °C to 17%
(8–28%) at 2 °C. Water levels in lakes and reservoirs will probably
decline. For example, the largest Mediterranean lake, Beyşehir in
Turkey, may dry out by the 2040s if its outflow regime is not modified35. The seasonality of stream flows is very likely to change, with
earlier declines of high flows from snow melt in spring, intensification of low flows in summer and greater and more irregular
Nature Climate Change | www.nature.com/natureclimatechange
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Fig. 3 | Annual natural renewable water resources in the main
Mediterranean watersheds. Resources are expressed as per-capita levels
of shortage for human use (in m3 yr−1; see legend). Map reproduced with
permission from ref. 146, Plan Bleu.

discharge in winter36. In Greece and Turkey per-capita water availability may fall below 1,000 m3 yr−1 (the threshold generally accepted
for severe water stress) for the first time in 203037. The critically low
current water availabilities per capita in southeastern Spain and the
southern shores (Fig. 3) may drop to below 500 m3 yr−1 in future.
The importance of meeting environmental flow requirements to
ensure the healthy functioning of aquatic ecosystems will require
certain amounts of water to be retained in these systems, further
limiting availability for human uses38.
Other challenges to water availability and quality in coastal areas
will probably arise from salt-water intrusion driven by enhanced
extraction and sea-level rise, and increasing water pollution on the
southern and eastern shores37, from new industries, urban sprawl,
tourism development, migration and population growth. Recharge
of groundwater will be diminished, affecting most of the region.
The Northwestern Sahara aquifer system has a renewal rate of only
40% of the withdrawals39, indicating high vulnerability of the oasis
systems that depend on it.
The general increase in water scarcity as a consequence of climate change is enhanced by the increasing demand for irrigated
agriculture to stabilize production and to maintain food security40,41.
Irrigation demands in the Mediterranean region are projected to
increase between 4 and 18% by the end of the century due to climate
change alone (for 2 °C and 5 °C warming, respectively). Population
growth, and increased demand, may escalate these numbers42 to
between 22 and 74%. Water demand for manufacturing is also
projected to increase between 50 and 100% until the 2050s in the
Balkans and Southern France15. The expected increase in population, particularly in the coastal areas of countries in the eastern and
southern Mediterranean, and the increasing urbanization would
not only lead to higher water demand, but also to further deterioration of water quality. Satisfying the demands for high-quality drinking water and for increasing irrigation is a complex problem, often
involving conflicts between users of groundwater and land owners,
or between countries.
The Mediterranean region is regularly affected by flash floods,
which are a consequence of short and local heavy rains in small
catchments, many of them near the coast in densely populated
areas43. Flood risk, associated with extreme rainfall events, will
increase due to climate change, but also due to non-climatic factors
such as increasingly sealed surfaces in urban areas and ill-conceived
storm-water management systems. In the Eastern Iberian Peninsula,
observations indicate an increase in convective and heavy precipitation concentrated in fewer days, consistent with climate change
expected for this part of the basin44,45. Projections of flood hazards
Nature Climate Change | www.nature.com/natureclimatechange

thus vary regionally46. However, flood risk (also associated with illconceived storm water management systems, sealed urban surfaces
and major exposure and vulnerability in flood-prone regions) is
expected to increase in most areas in the Mediterranean Basin43,47.
Besides intensity, the timing of floods is also changing; floods are
expected to occur up to 14 days earlier per decade in the north of
Italy, south of France and eastern Greece, or later (1 day per decade)
near the northeastern Adriatic coast, eastern Spain, the south of
Italy and Greece48.
Natural and managed ecosystems. Forests, wetlands, coastal and
marine ecosystems in the Mediterranean Basin will be affected by
mean and seasonal changes in temperature and precipitation49, as
well as the changes in extremes. The increase in aridity (mainly
due to reduced rainfall, but also to higher temperatures) is probably the main threat to the diversity and survival of Mediterranean
land ecosystems50,51. Higher fire risk, longer fire seasons and more
frequent large, severe fires are also expected as a result of increasing
heatwaves in combination with drought and land-use change52–54.
Falling water levels and reduced water quality are also impacting
wildlife in Mediterranean inland wetlands55 and freshwater ecosystems32,38,56. The combination of these impacts with other global
change drivers, such as land-use change (urbanization, agricultural
abandonment or intensification), biological invasions, pollution
and overexploitation, alters the structure and function of organisms,
populations, communities and terrestrial ecosystems in the region,
often towards drier and less-productive systems52,57–59. Interactions
between different drivers are complex; however, the net outcome
of most changes is likely to be a decrease of the capacity of many
ecosystems to supply services at current levels60,61.
Climate change is greatly modifying the structure and function of marine and coastal ecosystems. Higher sea temperatures
are linked to increased mass mortality events of many different
species62–64. Impacts of the 2003 heat wave on benthic populations
were particularly strong and the geographical scale concerned tens
to thousands of kilometres of coastlines62. Since 1999 mass mortality events concerning different species have been reported almost
every year, although affecting fewer species and more limited in
geographic range63.
Shifts in the geographic distribution of a great diversity of native
species (including fishes, crustaceans and echinoderms) have been
linked to warming trends65–68. Warm-water species are moving
northwards, colonizing and establishing permanent populations in
new areas — in some cases within a few years. Meanwhile, in the
northern oceanic areas, warming is reducing suitable habitats for
cold-water species, causing significant decreases in their abundance
and even local extinctions66,69,70. The widening of the Suez Canal
and the transport of alien species through ballast water from ships
worsen the situation. The wider consequences of the modifications
to species composition on ecosystem functioning are still uncertain;
however, interspecific interactions (competition, for example) are
already causing changes in habitat use by former residents70.
More than 700 non-indigenous marine plant and animal species
have been recorded so far in the Mediterranean71, many of them are
favoured by the warmer conditions64,66. More than 50% of these have
entered through the Suez Canal. The eastern Mediterranean is the
area displaying the most severe environmental effects from invasive species72. During the coming decades, more tropical invasive
species are expected to find suitable environmental conditions to
colonize the entire Mediterranean, spreading the ecological consequences already observed in some areas72.
Ocean acidification is expected to have a significant impact on
a wide array of organisms that produce carbonate shells and skeletons9,29. The effects encompass biological (such as early-stage survival), as well as ecological (loss in biodiversity, changes in biomass
and trophic complexity, for example) processes73. Effects of recent
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acidification in the Mediterranean Sea have led to a significant
decrease in the thickness of coccoliths, calcareous plates constructed
by some phytoplankton, between 1993 and 20058. Overall, effects
are highly species-dependent. At the community level, modifications in species composition and abundance — from assemblages
dominated by calcifying species to non-calcified species such as
erect macroalgae — were reported even under moderate decrease in
pH74–76. In coming decades, synergies between warming and acidification are likely to affect a large number of marine species; including commercial species such as mussels77.
These ecological changes on land and in the ocean lead to an
overall biodiversity loss. They may also compromise the numerous benefits and services that Mediterranean ecosystems provide,
including renewable natural resources (such as food, medicines,
timber), environmental services (maintenance of biodiversity, soils
and water, regulation of air quality and climate, carbon storage, for
example) and social services (such as opportunities for recreational,
educational and leisure uses, traditional cultural values)78,79.
Food production and security. Food production from agriculture
and fisheries across the Mediterranean region is changing, due to
social, economic and environmental changes80,81. Although human
population growth and increased affluence in some regions, along
with changing diets, will lead to higher demand for food products,
crop, fish and livestock yields are projected to decline in many areas
due to climatic and other stress factors. In addition to the effects of
drought, extreme events such as heat waves, frost or heavy rainfall
during critical phenological stages may bring unexpected losses due
to crop diseases, yield reductions and increased yield variability82,83.
Yields for many winter and spring crops are expected to decrease
due to climate change, especially in the South. By 2050 yield reductions by 40% for legume production in Egypt, 12% for sunflowers
and 14% for tuber crops in southern Europe have been estimated.
Warming will also affect olive production by increasing irrigation
requirements84, the risk of heat stress around flowering and the
lack of chilling accumulation (time with cold weather required
for blossoming)85, and by altering fly infestation risk86. Although
the impact is not projected to be large for aggregated production,
local and regional disparities will emerge86. Changes in the phenological cycle towards shorter duration and earlier flowering are
projected for grapevines, with associated increases in the exposure
to extreme events and water stress87. These conditions could also
affect grape quality. Anticipated flowering and chilling accumulation are expected to impact yields from fruit trees as well88. For vegetables such as tomatoes, reduced water availability will be the main
yield-limiting factor89, although water‐saving strategies to enhance
the quality and nutritional aspects while maintaining satisfactory
yield levels could be developed90. In some crops, yield increases may
occur, due to CO2-fertilization effects that could increase wateruse efficiency and biomass productivity82, although the complex
interactions among the various factors and current knowledge gaps
imply high uncertainties91. Furthermore, these yield increases are
expected to be combined with decreased quality (for example, lower
protein content in cereals)92. Pests and diseases, as well as mycotoxins, could also represent a serious threat under unfavourable climate
conditions93. Sea-level rise, combined with land subsidence, may
significantly reduce the area available for agriculture in some areas.
The effects of sea-level rise will impose additional constraints on
agricultural land, especially in subsiding productive delta regions
such as the Nile delta94.
Livestock production systems play a central role in climate
change and agriculture due to their production, environmental and
social functions95,96. The Mediterranean region is currently characterized by mixed production systems in the northern regions
and in some southern ones, whereas grazing systems dominate
the southern regions97. The number of agricultural holdings with
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grazing livestock is in decline (but associated with an increase in the
number of animals per farm)95. The abandonment of marginal land
threatens the future of these pasture-based systems. A transition to
mixed crop–livestock systems could help to reduce the costs of climate and increase resilience to climate extremes in the Middle East
and North Africa98. In these regions, livestock units have increased
by 25% from 1993 to 2013; however, the growth in consumption
has led to animal food and feed imports of around 32% of the total
food import in 2014, and continues to increase99. The impacts of climate change on production potential, combined with the growing
demand for animal products will increase the food-import dependence of south Mediterranean countries in the coming decades
(estimated at around 50% for all food products in the Maghreb100).
Fisheries landings have shifted significantly for nearly 60% of the
59 most abundant commercial fish. Most (~70%) declined (on average by 44%), but increases were also found — mostly for species
with short lifespans, which seem to have benefited from increased
temperature101. For six out of eight of the fish species examined,
landings per unit of effort are correlated with temperature, indicating the influence on landings when the fishing effect is accounted
for101. In the Mediterranean, 91% of assessed fish stocks were overfished in 2014102. Although fish stocks are climate-sensitive and vulnerable, both climate change and overfishing undermine the future
of Mediterranean fisheries103.
Fisheries and aquaculture, crucial for food security and the
economy of the Mediterranean81, are currently impacted most by
overfishing and coastal development104. Ocean warming and acidification are very likely to impact fisheries more significantly during the coming decades, with more than 20% of exploited fish and
marine invertebrates expected to become locally extinct around
2050. Mediterranean countries import more fish products than they
export, as a result of the increasing demand for seafood. Despite
being major exporters, France, Spain and Italy are the countries
with the highest trade deficits for seafood. Global models project
that by 2040–2059 more than 20% of exploited fishes and invertebrates currently found in the eastern Mediterranean could become
locally extinct due to climate change105,106. By 2070–2099, more than
half (45) of the 75 endemic Mediterranean species are expected to
qualify for the IUCN Red List of Threatened Species, and 14 more
could have become extinct107. The expected migration of species to
cooler areas as the ocean warms108 is limited in enclosed seas. For
this reason, the Mediterranean Sea has been described as a ‘cul-desac’ for endemic fishes, including commercial species, facing climate change107.
Overall, expected climate and socio-economic changes pose
threats for food safety and security in the Mediterranean region.
These pressures will not be homogeneous across the region and its
production sectors, creating further regional imbalances and disputes. Thus, trade will be a key factor in maintaining food security.
The sustainability of food production represents an issue in unfavourable climate and socio-economic conditions. Collaborative
management of fisheries and oceanic food resources and sustainable management of the Mediterranean Sea will be increasingly
more necessary as unsustainable practices in one country, enhanced
by the effects of climate change and land-based pollution, will affect
catches in all other countries.
Human health. Climate change is one of many drivers affecting
health, acting directly (through heat, cold, drought, storms and other
forcings) or indirectly (through changes in food provision and quality, air pollution or other aspects of the social and cultural environments). Impacts vary in magnitude and timing as a function of the
local environmental conditions and the vulnerability of the human
population109. In the Mediterranean Basin, regions with particularly strong changes in ambient temperature and notable heatwaves
exist along the coasts and in densely populated urban centres110.
Nature Climate Change | www.nature.com/natureclimatechange
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Heat-related illnesses and fatalities can occur when high ambient
temperatures (particularly when combined with a high relative
humidity) exceed the body’s natural ability to dissipate heat. For
example, a recent analysis111 for Barcelona (Spain) has shown an
increased mortality risk due to natural, respiratory and cardiovascular causes for hot nights with temperatures higher than 23 °C. Older
adults, young children and people with pre-existing and chronic
medical conditions are particularly susceptible to these illnesses
and are therefore at high risk for heat-related mortality112. Although
most Mediterranean populations are relatively acclimatized to high
temperatures, an increase in the intensity and frequency of heatwaves, or a shift in seasonality, are significant health risks for vulnerable population groups, including those who live in poverty
with substandard housing and restricted access to air-conditioned
spaces113. The degree to which heat-related morbidity and mortality
rates will increase in the next few decades will depend on the adaptive capacity of Mediterranean population groups through acclimatization, adaptation of the urban environment to reduce heat-island
effects, implementation of public education programmes and the
preparedness of the healthcare system109. Increased population life
expectancies imply that the health protection of elderly people will
become a major challenge for all Mediterranean countries under
heatwave conditions. Indeed, increased mortality was found among
people over 65 years in Athens, Greece, at high and very high temperatures114. During the severe heat wave in France (summer 2003)
most of the extra deaths occurred in the elderly population115.
Climate change may influence the emergence of vector-borne
diseases as the life-cycle dynamics of the vector species, pathogenic
organisms and reservoir organisms are all sensitive to weather conditions116. The rates of replication, development and transmission of
the pathogens depend more strongly on temperature than on other
host–pathogen interactions117. In recent years, several outbreaks
of different vector-borne diseases have been documented in the
Mediterranean region116,118.
There is high certainty that the recent observed climatic trends
will contribute to the future transmission potential of vector-,
food- and water-borne diseases in the region118. Predicting the consequences of climate change for the severity of infectious diseases
and distributions remains a challenge, particularly for vector-borne
infections of humans, which are compounded by the complex interactions between hosts, pathogens and vectors or intermediate hosts
that make the cumulative influence of climate change on disease
outcomes elusive117,119. For 2025 and 2050, the areas with elevated
probability for West Nile infections (linked to climate change)120,
will probably expand and eventually include most Mediterranean
countries121. During recent years, dengue fever cases were reported
in several Mediterranean countries, such as Croatia, France, Greece,
Italy, Malta, Portugal and Spain. Although most cases were probably imported, in 2010 local transmission of dengue was reported in
Croatia and France. During the hot summer of 2017, outbreaks of
chikungunya were reported in France and Italy122. Today, there is an
apparent threat of outbreaks, transmitted by Aedes mosquitoes, in
the European Mediterranean countries123,124.
Human security. Security is affected by impacts of extreme events
and societal conflict, in other words, by a combination of natural
and social processes125. Globally, there is a trend towards higher
exposure to risk126: between 1970 and 2010 the global population
grew by 87%, but the population living in flood plains increased
by 114% and that in cyclone-prone coastlines by 192%. In the
Mediterranean, one-third of the population (about 150 million people) lives close to the sea. A small tidal range and relatively limited
storm surges have led to the development of coastal infrastructure,
land-use systems and human settlements that are very close to mean
sea level127. Sea-level rise, which may well exceed recent IPCC estimates and reach more than 1 m in 210020, will have considerable
Nature Climate Change | www.nature.com/natureclimatechange
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impact on Mediterranean coastal hazards, despite some expected
reduction of marine storminess128. High risk for wave overtopping
in Northern Mediterranean ports is manifest129,130; however, such
coastal risks may be even higher along the southern and eastern
shores, where adaptive capacity is generally limited by weaker economic and institutional conditions. Port cities with more than one
million inhabitants are considered at increasing risk from severe
storm-surge flooding, rising sea level and local land subsidence131.
By 2050, for the lower sea-level rise scenarios and current adaptation
measures, cities in the Mediterranean will account for half of the 20
global cities with the highest increase in average annual damages132.
Those areas at extremely high risk are predominantly located in the
southern and eastern Mediterranean region, including Morocco,
Algeria, Libya, Egypt, Palestine and Syria133, most of which are presently subject to political instability and thus less able to deal with
the additional environmental pressures. In North African countries,
1 m of sea-level rise would impact approximately 41,500 km² of the
territory and at least 37 million people (~11%)134. It is currently not
possible to reconcile these estimates with European estimates135 for
a full Mediterranean assessment, but they indicate the potential
magnitude of the problem in terms of the number of people who
could be impacted by coastal risks.
Coastal areas suffer from the intrusion of salt water and this will
increase as sea level rises. In Egypt, about 30% of the irrigated farmlands are affected by salt intrusion136. Of the Northern cultivated
land, and both Middle and Southern Delta regions, 60% and 20%
are considered salt-affected soils, respectively137. This environmental degradation pushes Egypt’s increasing population into more and
more concentrated areas138.
Away from the coast, additional risks are associated with increasing wildfires caused by warming, drought and land abandonment.
The combined climate and non-climate related forcings have the
potential to induce large-scale human migration towards safer
areas. Rapid onset events — such as floods or other natural disasters — are clearly linked to immediate environmentally induced displacement and relocation. In contrast, impacts of slower changes,
such as mean sea-level rise or the gradual reduction of fresh water
availability, are more indirect. Nonetheless, over time there is the
potential to trigger permanent population migration at significant
scales unless protective measures establishing an acceptable safety
level are put in place139.
Droughts or changes in ecosystem service supply may also aggravate social conflict and trigger forced migration. Efforts to mitigate
one risk may reduce the resilience of human communities or accentuate other risks where resources are limited. Due to its cultural,
geopolitical and economic complexity, the Mediterranean Basin
has historically been a region of social and political instability. The
additional climate-related stressors create increased risks to human
security in the region, make communities in the Mediterranean
Basin more vulnerable and hence increase human insecurity140.
Mismanagement and the overexploitation of natural resources during the past century have also contributed to increased vulnerability.
The main underlying reasons are the advanced depletion of on- and
offshore natural resources, northward-advancing desertification
with decreasing water supplies and consequent food insecurity
(particularly in the Middle East and North Africa) and the affluence gap between developed, and thus more attractive, European
nations, and their much less developed Middle Eastern and North
African neighbours with their colonial past underpinning mistrust
and separation141,142.
For the most recent example of such risks — the several severe,
unprecedented and persistent droughts with subsequent income
losses in the farming sector in Syria — there is debate about the
degree to which recent climate change has contributed to social
conflicts and war143. However, one widely shared view is that
although these droughts are unlikely to have been the direct cause of
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conflicts, they could have significantly worsened human livelihoods
in the region1 and have thereby driven more people to migrate.

change, is underway, to provide an unbiased assessment that targets
the information needs expressed by policymakers.

Need for a pan-Mediterranean integrated risk assessment
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Emergent risks from the interaction between impacts across sectors were identified in IPCC AR5, as well as the consequences
of adaptation and mitigation actions at global scale144. The
Mediterranean Basin provides a particularly strong regional case
for such risks, as these may amplify each other or simply absorb
significant resources by their superposition. For example, the
direct impacts of climate change on agriculture, water supply and
fisheries are amplified by the consequences of biodiversity loss
on ecosystem services (pollinators, nutrient cycling, water purification). Several risks are also amplified by direct human action
through the inefficient management of water, land and marine
resources. Although health impacts largely arise due to exposure
and vulnerability, they are enhanced by climate change. Urban and
low-lying coastal areas are more at risk than other settled regions
because of the direct impacts of sea-level rise, but also because of
the potentially high infrastructural and socio-economic losses.
Social and political instability contribute to climate vulnerability,
particularly for impoverished population groups and for states in
which the political and social context sets strong limits for efforts
to adapt to climate change and mitigate its local impacts. Global
teleconnections may also play a major role in the region, both in
the climate system (Antarctic glacier destabilization leading to sealevel rise) and in the economic system. Examples include changes
to the food commodity market that are driven by crop failures and
enhanced yield variability elsewhere, and climate refugees relocating from non-Mediterranean regions such as sub-Saharan Africa.
Governance options for collaborative adaptation and mitigation
activities are limited by economic disparities, as well as by the existence of failing states, in the region.
At the global scale, critical limits and safe operating spaces are
now estimated for multiple impact sectors145. However, despite considerable amounts of available information, it remains a challenge to
quantify such critical limits for the Mediterranean, for two reasons.
First, scaling of global trends to the regional level could underestimate impacts significantly because warming and drying occur
faster in the Mediterranean region than at the global scale. Second,
socio-economic and political instabilities are mounting in several
Mediterranean countries, reducing coordinated action, and diminishing both resilience and the capacity to adapt to environmental
change. A comprehensive and coherent assessment of the combined
risks has not been undertaken; yet it is urgently needed.
Observations and the scientific capacity for risk assessment are
available around the Mediterranean, but resources are unevenly
distributed and some of the most vulnerable regions and economic sectors are insufficiently studied. Decision-makers have
inadequate access even to the existing knowledge. This may be a
result of insufficient networking and exchange between experts —
caused by several factors, including cultural, political and language
barriers. To contribute to overcoming these barriers, to identify
knowledge gaps and to provide unbiased information to policymakers, an international network of more than 400 scientists has
been established: the Mediterranean Experts on Environmental and
Climate Change (MedECC, http://www.medecc.org/). The group
works in close contact with intergovernmental agencies, such as
the Climate Experts Group of the Union for the Mediterranean
and the Barcelona Convention. The group maintains its independence by defining the topical agenda for its interdisciplinary and
intersectoral assessment, with the ambition of operating in a similar
manner to international science–policy interfaces, such as the IPCC
or the Intergovernmental Platform for Biodiversity and Ecosystem
Services (IPBES). A full analysis of the existing scientific literature,
covering all societal domains potentially impacted by environmental
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